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Use of cerebrospinal fluid
CXCL10 and neopterin as
biomarkers in HTLV-1-
associated myelopathy/tropical
spastic paraparesis treated
with steroids

INTRODUCTION

Human T-cell leukaemia virus type 1
(HTLV-1)-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) damages
the spinal cord by chronic inflammation
and causes progressive lower limb motor
disability. Because the associated symp-
toms gradually progress over the years,
it is challenging for clinicians to predict
long-term functional prognosis and eval-
uate the treatment response. Recently, we
proposed criteria for classifying disease
activity in untreated patients.” As per
this classification, disease activity is clas-
sified as low, moderate or high based on
the clinical course and concentrations
of inflammatory cytokines C-X-C motif
chemokine 10 (CXCL10) and neop-
terin in the cerebrospinal fluid (CSF).
Although corticosteroids are widely used
to slow disease progression,’ biomarkers
for steroid-treated patients have not yet
been validated. In the present study, we
investigated whether these markers are
associated with the progression of motor
dysfunction in this population.

MATERIALS AND METHODS
This was a single-centre, retrospective
cohort study of patients diagnosed with
HAM/TSP based on the WHO criteria.*
Patients who were continuously treated
with oral prednisolone (PSL) therapy and
had the following data were enrolled:
CXCL10 and neopterin concentrations
in the CSF measured before and after the
initiation of PSL therapy and serial data of
the Osame motor disability score (OMDS)
(online supplementary figure S1).°
Patients visited St. Marianna University
hospital every 1 to 3 months for treat-
ment for HAM/TSP; motor disability was
assessed using the OMDS at each visit.
The PSL dose and the interval between
the initiation of PSL therapy and CSF
testing were not standardised. Oral PSL
therapy was initiated at a median dose of
5.0mg/day (IQR 3.0-5.0), and the dose
was adjusted thereafter according to the
symptoms (dose range 1.5-8.0mg/day).

The median time from the initiation of
PSL therapy to CSF testing performed
after the therapy initiation (post-PSL CSF
test) was 6.2 months (IQR 4.4-9.5). The
CXCL10 concentration was measured
using a cytometric bead array (BD Biosci-
ences, Franklin Lakes, New Jersey, USA).
The neopterin level was measured using
high-performance liquid chromatography
at a commercial laboratory (SRL, Tokyo,
Japan).

The study endpoint was defined as a
1-point increase in OMDS from the time
of the post-PSL CSF test. The survival
function of time to 1-point deterioration
of OMDS was estimated using the Kaplan-
Meier method. To evaluate associations of
the biomarkers, the Cox regression model
was used to estimate HRs and 95% Cls.
Statistical analyses were performed using
EZR software version 1.40. All p values
were two sided, and statistical significance
was defined as 0.05.

RESULTS

Patient characteristics

Thirty patients were enrolled in this study.
The median follow-up period was 4.1
years (IQR 2.7-5.2). Patient characteris-
tics are shown in online supplementary
table S1. The concentrations of CXCL10
and neopterin were well correlated during
both pre-PSL and post-PSL period (Spear-
man’s correlation 0.80 and 0.88, respec-
tively) (online supplementary figure S2).
CXCL10 and neopterin concentrations
decreased after therapy initiation (online
supplementary figure S3A, B). OMDS
improved in seven (23.3%) patients after
a median treatment period of 2.0 months
(IQR 1.0-3.8); however, OMDS in four
of the seven patients worsened after
initial improvement (online supplemen-
tary figure S3C). Eight of the 23 patients
without initial OMDS improvement
experienced worsening of OMDS during
follow-up.

Association between CSF markers and
OMDS deterioration

Patients were stratified into low and
high post-PSL CXCL10 groups based
on the median post-PSL CXCL10 levels.
Characteristics of the two groups are
shown in online supplementary table S2.
Kaplan-Meier analysis showed a higher
rate of 1-point OMDS deterioration after
post-PSL CSF testing in the high CXCL10
group than in the low CXCL10 group
(log-rank, p=0.001; figure 1A). HR per
1000 pg/mL increase in CXCL10 concen-
tration for motor function deterioration

was 2.11 (95% CI 1.40 to 3.18; p<0.001).
The association between the post-PSL
neopterin concentration and the deteri-
oration rate was similar to that between
the CXCL10 concentration and deterio-
ration rate (HR per 10 pmol/mL increase
in neopterin concentration, 3.87 (95% CI
1.83 to 8.21), p<0.001; figure 1B, online
supplementary table S3).

Association between the change in
CXCL10 concentration after PSL therapy
and OMDS deterioration

We compared the rate of 1-point dete-
rioration of OMDS after post-PSL CSF
testing among the three groups strat-
ified by disease activity based on the
CXCL10 concentrations during both
pre-PSL and post-PSL period: 17 patients
with moderate activity at pre-PSL and
post-PSL  (moderate-moderate), 7 with
high-moderate and 5 with high-high
(online supplementary table $4).> Char-
acteristics of the three groups are shown
in online supplementary table S5. HR of
moderate-moderate versus high-moderate
was 0.42 (95% CI 0.11 to 1.61; p=0.21;
figure 1C) and that of high-high versus
high-moderate was 8.15 (95% CI 1.42
to 46.9; p=0.02), indicating that the
progression was more rapid in patients
whose CXCL10 concentrations remained
high. Similar analyses of neopterin were
not performed because there was only one
patient in the high-high group.

DISCUSSION

We demonstrated that higher concentra-
tions of CXCL10 and neopterin measured
during low-dose oral PSL therapy were
associated with subsequent functional
deterioration, suggesting that measuring
the concentration of these markers during
therapy has prognostic value. We also
showed that patients whose CXCL10
concentrations remained high despite
treatment had a higher risk of functional
deterioration. This indicates that reduc-
tion in CXCL10 concentration after PSL
therapy is associated with a lower risk
of functional deterioration and shows
its potential as a biomarker for both
treatment response and outcome. There-
fore, CXCL10 measurement should help
clinicians assess both disease status and
treatment effect and guide treatment
decision-making to improve long-term
prognosis. Moreover, CXCL10 may play
a role as a surrogate marker in future
clinical trials because the change in its
concentration after PSL treatment was
associated with a change in long-term

BM)

J Neurol Neurosurg Psychiatry Month 2019 Vol 0 No 0

1

1ybuAdoo Ag paroalold
‘nyelreq ex|-euuelreN 1S 1e 6TOZ ‘0€ 1890100 U0 /wod g duuly/:dny woij papeojumoq 6T0Z 4890100 62 U0 GGETZE-6T0Z-AuUl/9eTT 0T Se paysiiand 1sil) :Aneiyohsd BinsoinaN [0naN ¢


http://jnnp.bmj.com/
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
https://dx.doi.org/10.1136/jnnp-2019-321955
http://jnnp.bmj.com/

PostScript

A — Low CXCL10
1004+ — High CXCL10
8
= 8041 .
E L.
2 4
© 60 ‘\ Log-rank
s P =0.001
§ 40 |
2 L
o 20
o
a
0 1 T T T
0 2 4 6

Years since Post-PSL CXCL10 measurement
Number at risk
Low CXCL10 15 14 8 1
High CXCL10 15 8 2 0

HR per 1000 pg/mL increase in CXCL10 level
2.11(95% Cl, 1.4-3.18), P < 0.001

20

B — Low Neopterin
100+ — High Neopterin
g Ly
= g0
2
>
2 60 ]
] Log-rank
T 104 P =0.003
2
o
o
o
a

L

T T T
0 2 4 6
Years since Post-PSL Neopterin measurement
Number at risk
Low Neopterin 13 12 7 1
High Neopterin 17 10 3 0

04

HR per 10 pmol/mL increase in neopterin level
3.87 (95% Cl, 1.83-8.21), P < 0.001

— Moderate-Moderate

C 100+ — High - Moderate
< — High - High
= 80
2
2
2 60 -
[
9
T 40
°
3
9 20 Log-rank
& p=0.001
a
0
T .
0 4 6

Years since Post-PSL CXCL10 measurement

Number at risk
Moderate - Moderate 17

14 8 1
High - Moderate 7 6 2 0
High - High 5 1 0 0
Disease activity HR 95%ClI P value
Moderate-Moderate 0.42 0.11-1.61 0.21
High-Moderate Ref Ref Ref
High-High 8.15 1.42-46.88 0.02

Figure 1

Associations of progression rate of motor disability with CXCL10 and neopterin

concentrations in the cerebrospinal fluid. Kaplan-Meier analysis to evaluate the rate of 1-point increase
in OMDS from the point of the cerebrospinal fluid test performed after the initiation of prednisolone
therapy. (A and B) Patients were stratified into (A) low and high CXCL10 and (B) low and high
neopterin groups based on the median value (1818.2 pg/mL for CXCL10, 9.0 pmol/mL for neopterin).
(C) Disease activity of HAM/TSP is stratified into three groups based on the CXCL10 concentration: low
(CXCL10 <320 pg/mL), moderate (CXCL10 320-4400 pg/mL) and high activity (CXCL10 =4400 pg/
mL).2 Patients were stratified into three groups based on the combination of the disease activity

before (pre-PSL) and after (post-PSL) the initiation of PSL therapy: moderate at pre-PSL and post-PSL
(moderate-moderate), high at pre-PSL and moderate at post-PSL (high-moderate) and high at pre-

PSL and post-PSL (high-high) groups (online supplementary table S4). One patient whose CXCL10
decreased from moderate to low activity and OMDS remained at 6 throughout the 3 years of follow-up
was excluded from the analysis. Differences in the progression rate were tested by the log-rank test.
HRs were calculated using the Cox regression model. CXCL10, C-X-C motif chemokine 10; HAM/TSP,
human T-cell leukaemia virus type 1—associatedmyelopathy/tropical spastic paraparesis; OMDS, Osame

motor disability score; PSL, prednisolone.

motor function. Although we did not
perform this analysis on neopterin, we
believe that neopterin may have similar
potential because CXCL10 and neopterin
concentrations were highly correlated.

In conclusion, we demonstrated that
CXCL10 and neopterin are promising
prognostic biomarkers for steroid-treated
patients with HAM/TSP. Additionally,
CXCL10 might have utility as a biomarker
to monitor treatment response. Further
studies with a larger sample size are

necessary to determine biomarker cut-off
values to better guide treatment for HAM/
TSP
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