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ABSTRACT

Objective: We undertook an observational retrospective study to investigate the usefulness of
aquaporin-4 (AQP4) antibodies (Ab) titration in the management of patients with neuromyelitis op-
tica (NMO) treated with rituximab (RTX) by studying (1) the correlation between AQP4-Ab titer and
disease activity, (2) the influence of RTX on antibody levels, and (3) the association between
AQP4-Ab levels and responsiveness to RTX.

Methods: A cell-based assay was used for AQP4-Ab titration in 322 serum samples from 7 pa-
tients with NMO treated with RTX (median follow-up 65 months), according to a treatment-to-
target approach. Serum samples were collected every month following standardized procedures.

Results: (1) In group analysis, AQP4-Ab titers correlated with the disease activity, showing higher
titers during and preceding relapses than during remission. However, in individual analysis, an
increase in AQP4-Ab titers and CD191 B cells did not always precede a relapse. (2) A reduction
of AQP4-Ab titers in the short-term and long-term period was observed during RTX treatment. (3)
Reduction of AQP4-Ab titers was observed in responder patients both 3 months after RTX
infusion and in the long-term follow-up. In one nonresponder patient, AQP4-Ab levels never
decreased during the treatment period.

Conclusions: Titration of AQP4-Abs could be useful in the clinical management of patients with
NMO treated with RTX: titration before each reinfusion and 3 months after each reinfusion may
provide information about responsiveness to RTX. Although a relationship among AQP4-Ab lev-
els, disease activity, and response to RTX was observed, the usefulness of AQP4-Ab titration to
predict relapses is limited. Neurol Neuroimmunol Neuroinflamm 2017;4:e317; doi: 10.1212/

NXI.0000000000000317

GLOSSARY
Abs 5 antibodies; AQP4 5 aquaporin-4; ARR 5 annual relapse rate; CBA 5 cell-based assay; CRESM 5 Regional Referring
Centre for Multiple Sclerosis; EDSS 5 Expanded Disability Status Scale; FC 5 flow cytometric; IFI 5 indirect immunofluo-
rescence; NMO 5 neuromyelitis optica; RTX 5 rituximab.

Neuromyelitis optica (NMO) is a severe autoimmune disorder of the CNS.1,2 In the majority of
cases, NMO is associated with the presence of autoantibodies to the water channel aquaporin-4
(AQP4).3,4 AQP4 antibodies (Abs) have been proven to play a key role in the diagnosis and
pathogenesis of NMO,5 and to predict a more severe course of the disease.6,7 However, the
usefulness of longitudinal AQP4-Abs titer measurements to predict further relapses or as an
indicator of rituximab (RTX) efficacy remains to be evaluated in actual clinical practice.8,9

Numerous studies have analyzed AQP4-Abs titers in relation to the stage of disease or during
immunosuppressive therapies.8,10–17 Data so far have been inconclusive, due to numerous
reasons, including the sensitivity of the method of titration, the duration of follow-up, the
number of patients, and the number of samples collected. In our study, these parameters have
been optimized, allowing the reliable evaluation of the effect of AQP4-Ab titers on disease
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activity along with the efficacy of RTX,
a monoclonal antibody considered to be one
of the most efficient treatments of NMO.18–20

Our aim was to define the usefulness of
AQP4-Ab titration in the clinical management
of patients with NMO treated with RTX. In
detail, we investigated (1) the association of
AQP4-Abs titer with disease activity, (2) the
effect of RTX therapy on AQP4-Abs levels,
and (3) the association between responsiveness
to RTX and change over time in AQP4-Ab
titers.

METHODS Patients. This is an observational retrospective

case series study, in which serum samples from 7 AQP4-Ab-

positive patients with NMO were evaluated for AQP4-Ab titer.

Patients were diagnosed according to the 2006 Wingerchuk

revised diagnostic criteria.2 The disease followed a relapsing

course in all patients. Patients presented to the Regional Referring

Centre for Multiple Sclerosis (CRESM) at Orbassano, Turin, Italy,

for follow-up. Patient details are described in table 1.

All patients were treated with RTX and monitored following

a treatment-to-target approach. Each patient started RTX therapy

with RTX 375 mg/m2 once a week for 4 weeks, while the subse-

quent RTX cycles (1,000 mg infused twice, with a 2-week inter-

val) were given whenever the percentage of CD191 B cells was

more than 0.1% in peripheral blood mononuclear cells.21–23 De-

tails of the treatments used by patients before RTX are described

in table 1. Treatment regimens during clinical relapses included

IV methylprednisolone (1,000 mg for 5 consecutive days without

tapering) and oral prednisone (25 mg for 10 days) (figure 1).

The median follow-up of RTX treatment in the present study

was 65 months (range 16–96) for a total of 417 months of RTX

follow-up. Four patients were followed for at least 60 months.

Forty total RTX infusions were administered (median 6 infu-

sions/patient; range 2–10 infusions/patient). The median interval

between treatments was 11.0 months (range 4.0–36.3).

A blood sample was collected every month and serum samples

were stored at 280°C in the CRESM biobank until AQP4-Ab

detection.

Standard protocol approvals, registrations, and patient
consents. The use of blood samples from the CRESM biobank

was approved by the ethical committee of AOU San Luigi

Gonzaga (approval 7777/2013). All patients provided written

informed consent for the use of their blood banked samples.

Indirect immunofluorescence (IFI) cell-based assay
(CBA) for AQP4-Ab detection. AQP4-Abs were assessed

using a CBA based on IFI (FA 1128-1010-50; Euroimmun,

Lubeck, Germany), according to manufacturer’s instructions.

IFI reactions were analyzed using Nikon (Tokyo, Japan)

Eclipse 90i with a 320 magnification. Positive and negative

human control sera (Euroimmun) were tested in each working

session.24

Samples were titrated using serial twofold dilutions from 1:80

to 1:5,120. The titer was defined as the sample dilution factor for

which specific fluorescence was barely but clearly identifiable.

Antibody titer was expressed as the corresponding dilution factor.

The increase of AQP4-Ab level was empirically defined as

a titer rise at least 2-fold higher than the last previous lowest value.

A total of 1,340 IFI reactions were performed. Two different
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operators (F.M. and L.G) independently evaluated 150 reactions

to assess the intralaboratory and interrater reproducibility of the

assay. The operators were also blind to the sample type. Euroimmun

provided all the kits.

Flow cytometric (FC) analysis for CD191 B-cell detection.
The percentage of CD191 B cells was evaluated by FC on the

blood samples collected monthly in ethylenediaminetetraacetic acid

tubes, using antibodies directed against CD45/CD20/CD19

Figure 1 Aquaporin-4 (AQP4) antibody (Ab) serum levels, CD191 cell counts, and clinical parameters during
rituximab (RTX) treatment

(A–G) Relationship among AQP4-Ab serum levels, CD191 B cell percentage, Expanded Disability Status Scale (EDSS)
score, relapses, and treatments in 7 patients with neuromyelitis optica. Patient follow-up was analyzed since the first
RTX infusion (month 1). AQP4-Ab titers were expressed as the corresponding dilution factor.
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(Becton Dickinson, San Jose, CA). FC data acquisition was per-

formed on a BD FACSCanto II (Becton Dickinson). B cells were

identified as CD191CD201 cells. The data acquired were ana-

lyzed using BD FACSDIVA Software (Becton Dickinson). Instan-

ces that reported observed value of ,0.1% of total lymphocytes

were defined as undetectable levels of CD191CD201

immunophenotype.23

Clinical assessment. Since there are no guidelines to define

RTX responder and nonresponder patients, we tried to establish

selection criteria based on a routine clinical parameter to classify

our patients. In particular, we utilized the Expanded Disability

Status Scale (EDSS) and the annual relapse rate (ARR). In addi-

tion, we defined an exclusion criterion based on follow-up period

of less than 2 years considering the nature of the disease and the

treatment. ARR and EDSS score were evaluated for each patient

during the follow-up. Clinical relapses were defined as patient-

reported or objectively observed events typical of an acute

inflammatory demyelinating event in the CNS, with duration of

at least 24 hours, in the absence of fever or infection, documented

by contemporaneous neurologic examination. Disability was

evaluated according to EDSS during stability periods.

Statistical analysis. Statistical analysis was performed using

GraphPad (La Jolla, CA) PRISM 5. In particular, the following

nonparametric tests were used as appropriate to analyze AQP4-

Ab titers and clinical features: Mann-Whitney test, Kruskal-

Wallis test, Wilcoxon matched-pairs test, Friedman test, Fisher

exact test, Spearman correlation test, and 2-way analyses of

variance. p Values,0.05 were considered statistically significant.

Reproducibility of the assay was evaluated by the interrater

agreement kappa test.25,26

RESULTS AQP4-Ab titer was evaluated in 322
serum samples (median 44 samples/patient; range
16–75 samples/patient) from 7 patients (figure 1).
Median AQP4-Ab titer was 160 (range 0–2,560). A
total of 264 out of the total 322 samples tested
positive for AQP4-Abs (median 160; range 10–
2,560).

A total of 150 samples were evaluated in a blinded
study by 2 operators. A 100% interrater (k 5 1) and
a 100% interrun agreement (k 5 1) was found. In
the present study, grouped analysis and single time-
point (individual) analysis were performed to study
fluctuations of AQP4-Ab levels according to disease
activity and to RTX treatment. In addition, clinical
usefulness of AQP4-Ab titration was investigated by
evaluating responsiveness to RTX.

Do AQP4-Ab titers correlate with clinical disease activity?

Using group analysis, AQP4-Abs were determined in
all available samples (n5 10) from 5 patients at onset
of relapse. These samples showed higher median
AQP4-Ab levels (median titer 320; range 160–640)
than samples collected during remission (n 5 261;
median titer 80; range 0–1,280) (p5 0.0002, Mann-
Whitney test). Moreover, the analysis of the samples
collected within 3 months prior to onset of relapse
(n 5 23; median titer 320; range 0–640) also
demonstrated the same difference (figure 2A).
Higher AQP4-Ab levels were observed during

Figure 2 Aquaporin-4 (AQP4) antibody (Ab)
titers during remission and relapse

AQP4-Ab levels were correlated to disease activity. (A)
Median AQP4-Ab titers were higher (p 5 0.0002; Mann-
Whitney test) during relapse (n 5 10; median titer 320;
range 160–640) and within 3 months before relapse (n 5

23; median titer 320; range 0–640) compared with remis-
sion period (n 5 261; median titer 80; range 0–1,280). (B)
AQP4-Ab levels were compared in all available matched
samples (n 5 5) corresponding to 4 time points for each
single relapse: this analysis was performed in order to
avoid the bias caused by the unbalanced numbers of sam-
ples in the group analysis. These points are (1) remission
before relapse (4–6 months preceding relapse), (2) prere-
lapse time (1–3 months preceding relapse), (3) onset of
relapse, and (4) remission postrelapse (2–6 months after
relapse). AQP4-Ab levels were confirmed to be higher
during and preceding relapses than during remission
(p 5 0.0055; Friedman test).
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and preceding relapses than during remission in
matched samples (n 5 5; p 5 0.0055; Friedman
test) (figure 2B).

Each single event of an increase in AQP4-Ab titers
was studied by assessing the correlation with clinical
disease activity and CD191 B cells during RTX
treatment (individual analysis). The aim was to estab-
lish if there is a correlation between AQP4-Ab titers
and CD191 B cells and if one or both variables could
represent a predictive marker of relapse.

Increases in AQP4-Ab levels showed a weak associa-
tion with clinical relapses and CD191 B-cell recurrence.
Similarly, no association was found between CD191
B-cell recurrence and relapses (table 2). Finally,
no correlation was found between CD191 B-cell
counts and AQP4-Ab titers (p 5 0.0612, Spearman
correlation; figure e-1 at Neurology.org/nn).

Does RTX treatment influence AQP4-Ab levels? AQP4-
Abs were evaluated during RTX treatment (n 5 316
samples; median titer 160; range 0–2,560). AQP4-
Abs were detectable in 258 out of the total 316 (82%)
samples. One patient (patient 2) seroconverted since
the 25th month of follow-up. In the treatment-to-
target approach, RTX treatment is monitored using
CD191 B-cell count: RTX infusion causes CD191
B-cell decline (,0.1%), and CD19 reappearance is
considered to be an indication for RTX reinfusion.23

AQP4-Ab levels were reduced in samples col-
lected at least 30 days after RTX infusion as com-
pared to samples at the timepoint of RTX infusion
(p 5 0.0015, Mann-Whitney test; figure 3A). It is
noteworthy that at the postinfusion timepoint the
CD191 B cells were undetectable, while at the

time of infusion, the CD191 B cells were .0.1%.
The first cycle of RTX was never included in the
analysis, because data on CD191 B cells were
unavailable.

Further, the short-term and long-term effects of
RTX treatment on AQP4-Ab levels were investigated.

Short-term effects. AQP4-Ab levels were evaluated in
all available paired samples (n 5 28) at 2 specific
timepoints, namely, during RTX reinfusion and
3 months after (figures 3B and e-2), showing a reduc-
tion in antibody titers (p 5 0.0012, Wilcoxon
matched-pairs test).

Long-term effects. AQP4-Ab serum levels were also
evaluated during a prolonged RTX follow-up (range
1–72 months), showing a reduction in annual
median titer (p , 0.0001; Kruskal-Wallis test). This
effect was particularly marked after the first 2 years of
therapy (p 5 0.0014; Mann-Whitney test) (figures
3C and e-3).

Are AQP4-Ab titers associated with RTX responsiveness?

Responsiveness to RTX was evaluated in patients
with at least a 2-year follow-up, by the assessment
of clinical parameters such as the ARR and the
EDSS score (table 1).

The median ARR of patients was reduced at the
end of RTX follow-up compared to pretreatment
time (p 5 0.0313; Wilcoxon signed-rank test). In
particular, 6 out of the 7 patients (86%) showed
a marked reduction of ARR during RTX follow-up.

During RTX follow-up, a total of 12 relapses
occurred (median 1 relapse/patient; range 0–5).
Seven relapses occurred in responder patients (median
1 relapse/patient) and 5 in the nonresponder patients.

Table 2 Association between aquaporin-4 (AQP4) antibody (Ab) increase, clinical relapses, and CD191 B-cell recurrence

Patients

Clinical relapses AQP4 increases CD19 increases

Total
relapse, n

AQP4
increase,
n (%)a

CD19
increase,
n (%)b No.

CD19
increase,
n (%)

Relapses,
n (%)

No
association,
n (%) No.

AQP4
increase,
n (%)

Relapse,
n (%)

All patients (n 5 7) 12 5/11 (45) 7 (58) 24 15 (63) 5 (21) 7 (29) 31 15 (48) 7 (23)

Responders (n 5 5) 7 4/6 (67) 5 (71) 20 15 (75) 4 (20) 4 (20) 26 15 (58) 5 (19)

Nonresponder (n 5 1) 5 1/5 (20) 1 (20) 2 0 (0) 1 (50) 1 (50) 4 0 (0) 2 (50)

Patient 1 3 2/3 (67) 3 (100) 8 7 (88) 2 (25) 1 (13) 9 7 (78) 3 (33)

Patient 2 1 1/1 (100) 1 (100) 3 2 (67) 1 (33) 1 (33) 5 2 (40) 1 (20)

Patient 3 0 — — 2 2 (100) 0 (0) 0 (0) 3 2 (67) 0 (0)

Patient 4 2 1/2 (50) 1 (50) 5 2 (40) 1 (20) 2 (40) 6 2 (33) 1 (17)

Patient 5 5 1/5 (20) 1 (20) 2 0 (0) 1 (50) 1 (50) 4 0 (0) 2 (50)

Patient 6 1 NA 0 (0) 2 2 (100) 0 (0) 0 (0) 3 2 (67) 0 (0)

Patient 7 0 — — 2 0 (0) 0 (0) 2 (100) 1 0 (0) 0 (0)

Abbreviation: NA 5 not available.
a Percentage values are calculated based on availability of AQP4-Ab data.
b Percentage values are calculated on the total number of relapses (all CD191 B-cell data were available).
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Two patients (29%) were relapse-free during RTX
follow-up.

The EDSS score improved or stabilized in 6
patients.

One patient (patient 5) showed a poor clinical
response: the ARR increased and a worsening of
EDSS score was observed, despite RTX treatment.
In this patient, RTX was discontinued after 34
months of treatment.

Based on clinical parameters, patients 1, 2, 3, 4,
and 6 were defined as responders, while patient 5
was defined as a nonresponder. Patient 7 was not
included in further analysis due to insufficient RTX
follow-up (15 months) for evaluation of responsive-
ness. Next, the short-term and long-term association
of RTX responsiveness to AQP4-Ab titers was inves-
tigated (figure 4).

Short-term effects. The effect of RTX in responder
and nonresponder patients at 3 months postinfusion
was evaluated in all available paired samples (n 5 27;
figures 4A and e-2), showing a different distribution
between responder and nonresponder groups. (p 5

0.0410; Fisher exact test). In responder patients, the
effect of RTX in reducing AQP4-Ab levels was stron-
ger than observed while considering all the patients
(p 5 0.0003; Wilcoxon matched-pairs test).

Interestingly, upon the exclusive analysis of AQP4-
Abs after the first 2 RTX reinfusions (n 5 11), the
reductions in antibodies titer were reported only from

responder patients (n 5 8). In the nonresponder pa-
tients, increased or steady titers were observed (n5 2;
p 5 0.0545; Fisher exact test) (figure e-2).

Long-term effects. In the long-term follow-up, an
alteration in median AQP4-Ab annual levels was
observed depending upon the responsiveness to
RTX (figures 4B and e-3). This difference was stron-
ger since the second year of therapy (p , 0.0001 for
responsiveness to RTX treatment, 2-way analysis of
variance). In particular, AQP4-Ab levels decreased in
4 patients (patients 1, 2, 3, 4), but increased in the
nonresponder patient 5. Patient 6 did not show
a change in AQP4-Ab levels during his RTX
follow-up (figures 4C and e-3).

DISCUSSION Detection of AQP4-Abs has been
included in the NMO diagnostic criteria since
2006.2 The pathogenic role of these antibodies has
been suggested in several studies.13,27–29 However, it
is debated whether AQP4-Ab serum concentration is
related to disease activity and, thus, whether its
assessment could be helpful in predicting disease
evolution and adapting the ideal treatment.8

Numerous studies have analyzed the correlation
between AQP4-Ab titers and the stage of disease or
the effectiveness of immunosuppressive therapy,8–17

with conflicting results.
The conflicting data could be attributed to numer-

ous reasons: (1) methods used for titration,5,10–17 (2)

Figure 3 Aquaporin-4 (AQP4) antibody (Ab) levels under rituximab (RTX) treatment: Short-term and long-term effects

RTX effect on AQP4-Ab levels was studied. (A) AQP4-Ab titers during RTX therapy were studied (n 5 316; median titer 160, range 0–2,560). AQP4-Ab
levels were decreased (n 5 224; median titer 80, range 0–2,560) after RTX infusions (.30 days, with undetectable levels of CD191 B cells) compared to
infusion time (n5 74; median titer 160, range 0–1,280). (B) Short-term effect of RTX treatment: AQP4-Ab levels in paired samples (n5 28) at RTX infusion
time and 3 months after were evaluated and are shown in the graph. The numeric values of antibody titers in the paired samples during and 3 months after
infusions are detailed in figure e-2. Each data point in the graph is representative of more than 1 sample (as indicated by n beside the data point) that displays
the same levels of AQP4-Abs. A reduction in median titers was shown (median titer at infusion time 320; median titer 3 months after infusion 160; p 5

0.0012; Wilcoxon matched-pairs test). (C) Long-term effect of RTX treatment: RTX effects on AQP4-Ab levels were evaluated in 72 months follow-up,
showing a decrease in median annual titers (p , 0.0001; Kruskal-Wallis test).
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length of the follow-up period (19–62 months), (3)
number of patients (3–39 patients), (4) number of tested
samples (26–601 samples; median 3–15 samples/
patient) and collection timing, and (5) number of
RTX cycles (1–110; median 1–4 cycles/patient).

The wide range of variability observed in these pa-
rameters across the literature8,10–17 could at least par-
tially explain the lack of consistency between results
obtained and hamper comparison between different
studies. In our study, these features have been taken
care of to the best possible extent as discussed in detail
in the previous sections.

We aimed to define the usefulness of longitudinal
assessment of AQP4-Ab titration in the clinical man-
agement of patients with NMO treated with RTX.
Results obtained in the group analysis show a general
increase in AQP4-Ab titer during and, interestingly,
also preceding attacks, in agreement with data ob-
tained in some of the previous studies.12–15 However,
high levels of antibodies did not always lead to a clin-
ical relapse in individual patients, and the association
varied widely (table 2). Thus, according to our data,
AQP4-Abs cannot be used as specific markers for
predicting an oncoming relapse. This may be because
AQP4-Abs do not represent the sole cause of NMO
disease. Other factors, such as blood–brain barrier
damage, cytokine profiles, or T-cell activation, may
play a role as well.10,14

The correlation of antibodies with clinical disease
activity and the effects of RTX treatment on antibody

levels, however, suggest the clinical and immunopa-
thogenic importance of AQP4-Ab titers in manage-
ment of NMO.

In our study, patients were treated with RTX, ac-
cording to a treatment-to-target protocol.23 During
RTX therapy, a reduction of AQP4-Ab titers in both
the short-term (3 months after infusion) and long-
term period (72 months follow-up) was observed.
The spontaneous course of NMO spectrum disorder
in untreated patients with respect to the levels of
AQP4 antibodies is unknown considering it is uneth-
ical to deny treatment to any diagnosed patient.
There is no evidence from the literature about a spon-
taneous reduction of AQP4-Ab levels. In fact, there is
evidence available to indicate that the presence of
AQP4-Abs can be detected as early as a decade before
the onset of the disease.30,31 Therefore, there is a gen-
eral consensus that the reduction of the autoantibod-
ies is most likely mediated by the treatment
regimen.32 As described by other studies,10,11,14 the
decrement of AQP4-Ab levels may be due to the
mechanism of action of RTX, which may lead over
time to decreased production of immunoglobulins
G and M. This may predispose the patient to hypo-
gammaglobulinemia and associated infections.33,34 To
date, in our cohort, patient 2, who is the only patient
who seroconverted after RTX, recently developed
hypogammaglobulinemia. Our experience suggests
that although decrement of the pathogenic antibodies
is an important goal in NMO management, caution

Figure 4 Aquaporin-4 (AQP4) antibody (Ab) according to rituximab (RTX) treatment responsiveness

AQP4-Ab titer was evaluated according to RTX responsiveness in grouped or single patients. (A) Short-term effects of RTX treatment: RTX infusions cause
a strong reduction in AQP4-Ab levels 3 months after RTX infusion only in responder patients (green lines, n5 24; p5 0.0003, Wilcoxon matched-pairs test).
In the nonresponder patient (blue lines, n 5 3), AQP4-Ab levels were stable or increased after RTX infusion. (B) Long-term effects of RTX treatment:
a difference was shown between responders and nonresponders since the second year of therapy (2-way analysis of variance, responsiveness to RTX
treatment p , 0.0001). (C) The alteration in AQP4-Ab levels was analyzed for each patient, showing that median annual AQP4-Ab titer decreased in 4/5
responder patients (patients 1, 2, 3, 4) during their whole follow-up (green lines), while, in nonresponder patient 5 (blue line), titer increased; patient 6 did not
show a change in AQP4-Ab levels during his RTX follow-up.
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needs to be exercised to ensure patient well-being in
the long term.

An interesting correlation between AQP4-Ab lev-
els and RTX responsiveness was observed. Reduction
of AQP4-Ab levels induced by RTX short-term and
long-term effects were observed exclusively in
responder patients. In particular, AQP4-Ab reduction
occurred in responder patients as early as after the first
2 RTX reinfusion cycles (observed at 3rd month after
each infusion); increased or steady titers were
observed in the nonresponder patient. In the long-
term follow-up, a change in AQP4-Ab levels was
observed depending upon the treatment responsive-
ness since the second year of therapy, with a decreas-
ing titer observed in responder patients.

These findings, if confirmed, could be of great clin-
ical relevance in patient management, allowing early
identification of responder patients along with clinical
evaluation. In our experience, a responder patient seems
to be characterized by 2 relapses or less in the first 2
years of treatment and by a reduction of AQP4-Ab titer
3 months after each RTX infusion and during the long-
term follow-up. These data suggest a possible strategy
for identification of RTX responder patients within
the first RTX cycles, by titrating AQP4-Ab during
RTX reinfusion and after 3 months.

As per standard clinical practice, our patients were
monitored for CD191 B cells to determine the RTX
reinfusion timing. The median time to B-cell reple-
tion in our patients was 11 months. In addition, 5 out
of the 7 patients relapsed while technically using
RTX: this may suggest that the FC method is not
sensitive enough to consider CD191 B cells a reliable
marker predictive of relapses or of RTX responsive-
ness (table 2). The finding of new markers (i.e.,
CD2710) or more sensitive techniques (i.e., PCR23)
may present a solution to this problem. A poor asso-
ciation was shown between AQP4-Ab increase and
CD191 B-cell recurrence. Patients still tested posi-
tive for AQP4-Abs despite CD191 B-cell percentage
being undetectable in 78% of tested samples. More-
over, no correlation between CD19 counts and
AQP4-Ab values was observed (figure e-1). These
findings, observed in other studies as well,10,14 could
be attributed to the mechanism of action of RTX,
which depletes peripheral B cells without affecting
plasma cells.

Some limitations of this study include the number
of patients analyzed; in particular, the single nonre-
sponder patient found in our study limits evaluations
about RTX responsiveness. Observations about
AQP4-Ab levels during relapse and remission could
have been partially masked by RTX treatment. How-
ever, AQP4-Ab titers cannot be evaluated in
untreated patients due to ethical constraints, as useful
treatments are available.

On the other hand, the high number of samples
studied, the careful and standardized procedure of
monthly sample collection, processing, and storage,
the long follow-up under RTX treatment, and the
availability of precise clinical data represent the
robustness of data obtained in the present study.

Our study shows a correlation between AQP4-Ab
levels and clinical attacks in grouped analysis. We
observed higher levels of antibodies during and pre-
ceding relapses. However, this correlation is lost upon
a detailed individual analysis. We also observed
a reduction in AQP4-Ab levels during RTX therapy
in both the short and the long term. We report
an alteration in AQP4-Ab levels according to treat-
ment responsiveness. In particular, the reduction of
AQP4-Ab titer 3 months after each RTX reinfusion
observed in responder patients even in the initial
RTX cycles could suggest a role for AQP4-Ab titra-
tion as biological tool to identify responder patients,
with the support of clinical evaluations. Therefore,
these findings merit further studies for validation of
AQP4-Ab titration as a marker of responsiveness.
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