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ABSTRACT

Objective To evaluate the ability of fluorescence optical
imaging (FOI) Xiralite in the discrimination between
rheumatoid arthritis (RA) patients with and without need
of rituximab (RTX) retherapy—in comparison to clinical,
laboratory and musculoskeletal ultrasound parameters.
Patients and methods Patients with established RA were
prospectively followed over 1 year by Disease Activity
Score 28, patient’s global disease activity (visual analogue
scale 0—100 mm), C reactive protein and erythrocyte
sedimentation rate, ultrasound seven joint (US7) score and
FOI'in phases 1-3 and automatically generated PrimaVista
mode (PVM) at baseline (before RTX) and after 3, 6 and 12
months. The need for RTX retherapy was decided by the
treating rheumatologist—blinded to imaging data.
Results 31 patients (female 77.4%, mean age 60.1+11.4,
mean disease duration 14.9+7.1 years) were included.
Fourteen (45.2%) patients received RTX retherapy within
12 months. In the group with RTX retherapy, FOI in PYM
mode was the only parameter that presented significant
increase over time (B3: 0.40, 95% CI: 0.08 to 0.71,
p=0.013)—compared with the group without retherapy. In
the prediction model via ROC analysis, FOI in PYM reached
the highest values of all imaging, clinical and laboratory
parameters which was associated with retherapy over

1 year with an area under the curve (AUC) of 0.78 (OR:
0.84,95% CI: 0.72 to 0.98, p=0.031). US7 GS synovitis
score revealed similar association with an AUC of 0.73
(p=0.049).

Conclusion US7 GS synovitis score and FOI in PVM are
able to discriminate between patients with and without
need for RTX retherapy better than clinical and laboratory
parameters.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic
multisystemic autoimmune disease with a
persistent inflammatory synovitis leading
to cartilage and bone destruction such as
erosions with consecutive joint deformities. In
order to avoid corresponding complications,

Strengths and limitations of this study

» More objective methods for the decision of rituximab
(RTX) retherapy (eg, imaging) are needed in order to
detect subclinical disease activity and an upcoming
flare in patients with rheumatoid arthritis.

» Fluorescence optical imaging (FOI) with the Xiralite
system as a novel imaging tool is able to help in
decision-making for RTX retherapy since it can
discriminate in PrimaVista mode (PVM) between
patients with and without need of RTX retherapy
better than other imaging, laboratory and clinical
parameters.

» At the same time, FOI is a more objective tool, while
Disease Activity Score 28, patient’s visual analogue
scale and C reactive protein also depend on other
influence (ie, psychological, infectious) factors.

» Consideration should therefore be given to including
objective factors such as FOI in PVM in the decision
on RTX retherapy.

» In order to fully consolidate these results, further FOI
studies on larger scales are required since the num-
ber of included patients into the study was limited.

an effective therapy should be started imme-
diately after the diagnosis of RA has been
made.' If conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs)
or TNF inhibitors operate inadequately or
are not tolerated, rituximab (RTX) as mono-
clonal anti-CD20 antibody can be applied.?®
A retherapy with RTX is recommended after
24 weeks if there has been an improvement
of Disease Activity Score 28 (DAS28) more
than 1.2 and either a residual disease activity
(DAS28 >3.2) or a new increase of disease
activity after initial response (increase of
DAS28 >0.6).* * Because of the subjective
part of DAS28 (visual analogue scale, VAS)
in decision-making,* more objective methods
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for the decision of RTX-retherapy (eg, imaging) are
needed in order to detect subclinical disease activity and
an upcoming flare before the patients will show clinical
symptoms.” For therapy monitoring, different imaging
methods are applied including MRI and musculoskel-
etal ultrasound (US) which provide an objective and
reliable presentation of the current (sub)clinical disease
activity.” '’ In a previously published study, a predictive
value for retherapy with RTX by using power Doppler
(PD) mode in US could be presented.5

The fluorescence optical imaging (FOI) by the Xiralite
method detects disturbed microcirculation in the joints of
both hands by using indocyanine green (ICG). Previous
studies have shown good correlation of FOI with MRI and
US in synovitis detection.'" '

The current study aimed at the analyses whether FOI
is able to discriminate between RA patients with and
without need of RTX retherapy. For this, FOI findings
were compared with clinical, laboratory and US (ultra-
sound seven joint score, US7 score) parameters.

Patients and methods

The observational study was performed at the outpatient
clinic of the Department of Rheumatology and Clinical
Immunology at the Charité — Universitatsmedizin Berlin,
Germany.

Patient and public involvement

Patients were included after written and oral consent
following a detailed description of the study including
the research question and outcome measures. Inclusion
criteria were a confirmed diagnosis of RA according to
1987 or 2010 criteria,”” '* insufficient response to TNF
inhibitors, age >18, psychological understanding of risk
and side effects of the study and consent to participate in
the study. Patients were neither involved in the design of
the study nor in the recruitment to and conduct of the
study.

Clinical and laboratory parameters

The clinical investigation included the examination of
tender and swollen joints (TJC-28 and SJC-28). From this,
DAS28 (erythrocyte sedimentation rate, ESR) was calcu-
lated by additional application of patient’s global VAS
(0-100 mm) and ESR (hour/mm) before RTX therapy
and after 3, 6 and 12 months. Next to ESR, the labora-
tory testing included C reactive protein (CRP, normal
<5.0 mg/L) at the follow-up visits, and rheumatoid factor
(RF-IgM, n<20 IU/mL) and anticitrullinated antibodies
(ACPA, n<20 IU/mL) at baseline.

Musculoskeletal US examination (US7 score)

The US examination (Esaote Mylab Twice (Genova,
Italy)) using the US7 score’ was performed before intra-
venous application of RTX (baseline), and after 3, 6 and
12 months. The US7 includes the investigation of the
wrist (dorsal, palmar and ulnar), the metacarpophalan-
geal joints (MCP) 2 and 3, the proximal interphalangeal
(PIP) joints 2 and 3 of the clinically dominant hand, and

the metatarsophalangeal (MTP) joints 2 and 5 of the clin-
ically dominant forefoot on dorsal and palmar/plantar
sides by greyscale (GS) and PD mode. The standard
performance of the US7 refers to the simultaneous eval-
uation of synovitis and tenosynovitis, and the included
joints (except the wrist) were also examined from dorsal
and palmar/plantar for erosions, additionally MCP2
from radial and MTP5 from lateral. Synovitis in GS and
PD and tenosynovitis in PD were assessed semiquantita-
tively; tenosynovitis in GS and erosions were evaluated if
they were present or not (1/0) o

Fluorescence optical imaging

The FOI was performed by the Xiralite 4 system (Xiralite
GmbH, Berlin, Germany). FOI images were taken before
the beginning of RTX therapy and after 3, 6 and 12 months
in a standardised manner. Ten seconds after beginning
the examination, a bolus of 0.1 mg/kg/body weight of
the fluorescent dye ICG was intravenously applied. The
examination lasted 6 min recording one image per
second and adding up to a cluster of 360 images. The
examination included 30 joints of both hands (the wrist,
MCP joints, PIP joints, (D)IP joints of both hands). The
analyses of the images comprised the evaluation of the
first 240 images forming the automatically generated
PrimaVista mode (PVM). In addition, three phases in
position to the fingertips with regard to development of
signal intensities were defined and analysed, for further
information please see online supplemental material.

Statistical analysis

Standard descriptive statistics were used to report patients’
characteristics and the course of clinical, US and FOI
parameters at each visit within 12 months. The change of
disease activity parameters, US7 scores and FOI across 12
months was analysed by generalised linear mixed-models
for the total sample and separately for patients with and
without RTX retherapy through follow-up visits. The
three patients missed in follow-up visits were included in
the analyses and the linear mixed-model resulted in unbi-
ased estimates by the maximum likelihood approach,
because we could not investigate a selection bias by the
three patients. Additionally, since FOI only considers the
joints of the hands, the data of the forefoot in US were
excluded from statistical analyses for comparability.

Mann-Whitney U test was used to compare the param-
eters between patients with and without RTX re-therapy
at each visit.

Furthermore, logistic regression analyses were
conducted to model the likelihood for a retherapy with
RTX within 12 months by DAS28, US7 score and FOI.
Area under the curve (AUC) was estimated after fitting
the logistic regression model to assess the predictive value
for each parameter for retherapy with RTX. The strength
of association can be compared between variables by the
AUC because it does not depend on the dimension of the
analysed variable. The level of significance was defined by
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0:<0.05. The statistical analysis was conducted in STATA
V.i2.1.

RESULTS

Total patient group

Thirty-one patients were examined at baseline, n=29 after
3 months, and n=28 after 6 and 12 months (three patients
lost to follow-up). The included patients (24 females)
revealed a mean age of 60.1+14.9 years and mean disease
duration of 14.9+7.1 years. About 96.8% of the patients
were rheumatoid factor (RF-IgM) positive and 93.6%
ACPA positive. Twenty-eight patients received a therapy
with other biological DMARDs (TNF or interleukin-6
(IL-6) inhibitors) before treatment with RTX was started.
Reasons for discontinuing previous drug treatment were
non-response (40.0%), insufficient effectiveness (46.7%),
contraindications (16.7%) and adverse events (46.7%).
Seventeen patients had already received RTX before
being included in the study. This aspect did not influ-
ence the course of the parameters during the 12 months.
Concomitant to RTX, 29.1% of the patients had ongoing
therapy with methotrexate, 12.9% with leflunomide,
6.5% with sulfasalazine, 9.7% with hydroxychloroquine
and 3.2% with azathioprine at baseline.

Please see the changes of clinical (DAS28), laboratory
(CRP/ESR) and imaging parameters (US7 score; FOI)
in the total study population in the online supplemental
table S1 and figure S1.

Patients with RTX retherapy
Of the total 31 patients, n=14 received a retherapy with
RTX (45.2%) within 12 months observational period; n=3
after 6 months, n=4 after 7 months, n=5 after 9 months,
and n=2 after 10 months.

The parameters DAS28 and patient’s global VAS
decreased significantly in this group (mean of DAS28 at
baseline 5.1, after 12 months 3.9, p=0.004; mean patient’s
global VAS at baseline 59.6 mm, after 12 months 45 mm,
p=0.042).

FOI in PVM singularly significantly increased (mean
7.844.3; 15.2+10.4, p=0.013) in comparison to the other
imaging parameters (see table 1).

During the observed period, half of the patients who
received RTX retherapy had a concomitant csDMARD
therapy (at baseline 57.1 %, n=8; after 12 months 50%,
n=7). Glucocorticoids were additionally used by 85.7%
(n=12) with a mean daily dosage of 9.3 mg (SD: 8.0) and
were less needed over the following 6 months (after 3
months 78.6%, n=11 with a daily dosage of 5.8 mg (SD:
5.1), after 6 months 78.6%, n=11 with a daily dosage of
6.5 mg (SD: 5.1)), and after retherapy with RTX, that is,
after 12 months in 71.4% (n=10) with a daily dosage of
5.3 mg.

Patients without RTX re-therapy
Seventeen patients of the total patient group did not
receive a retherapy with RTX during the observed 12

months. In this group, a significant decrease between
baseline and 12 months follow-up was shown for the
patient’s global VAS, US7 GS synovitis, US7 GS tenosyno-
vitis, US7 PD tenosynovitis and FOI in phase 2 (table 1;
an FOI image example is also presented by figure 1). The
clinical parameters did not significantly change in that
group. The ESR after 12 months was significantly higher
than in the group with retherapy (p=0.033, see online
supplemental table S2). Regarding FOI, signal enhance-
ment in phase 2 was singularly reduced in a significant
manner (mean 33.9+15.8 to 28.2+17.3, p=0.008). PVM
remained stable in this group.

The use of csDMARDs and glucocorticoids decreased
continuously over 1 year (csDMARDs at baseline 60%,
n=9, after 12 months 50%, n=7 and glucocorticoids at
baseline 86.7%, n=13 with a mean daily dosage of 5.4 (SD:
2.7), after 12 months 78.6%, n=11 with a mean daily dose
of 4.5 mg (SD: 2.3)).

Information on results of month 3 and 6 is given in the
supplementary material and in online supplemental table
S2.

Prediction for RTX retherapy

The likelihood for an RTX retherapy (after 6 months)
was analysed by considering the predictive value of the
change between baseline and 3 months or 6 months
follow-up in clinical and patientreported parameters.
The change in DAS28, ESR and CRP as well as patient-
reported parameters were not associated with the initi-
ation of an RTX retherapy (AUC close to 0.5). On the
other side, the likelihood of an RTX retherapy was signifi-
cantly associated with the change between baseline and
6 months follow-up in the imaging parameters US7 GS
synovitis score (AUC=0.73) and FOI in PVM (AUC=0.78)
(see table 2). The FOI in PVM was significantly associated
with the likelihood of an RTX retherapy in multivariable
analysis including the US7 GS synovitis score.

DISCUSSION

The aim of this study was the evaluation of FOI for its
ability to visualise the need for RTX retherapy in patients
with RA in comparison to clinical, laboratory and muscu-
loskeletal US (US7 score) parameters. To our knowledge,
this was assessed for the first time for FOL

We found out that the clinical and laboratory param-
eters DAS28, patient’s global VAS and CRP decreased
significantly over 1 year under RTX-therapy in all
patients. A decrease of the US7 synovitis and tenosyno-
vitis GS scores was also presented. All reduced parameters
thereby represented a response to RTX.

All patients received csDMARDs additionally to RTX
according to EULAR recommendations.” The use of
glucocorticoids and the dose of glucocorticoids could
be advantageously reduced in the patients without RTX
retherapy to a mean daily dosage of 4.5 mg after 12
months, whereas the patients with RTX re-therapy still
had a mean daily dosage of 5.3 mg.
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Table 1 Changes of clinical, laboratory and imaging parameters over 12 months follow-up

Patients with RTX retherapy (n=14)

Patients without RTX retherapy (n=17)

B B
12 months 95% CI 12 months 95% CI
Baseline follow-up P value Baseline follow-up P value

DAS28 5.1£1.0 (5.0) 3.9+0.8 (4.0) -0.08 5.1£1.3 (5.2) 4.7+1.2 (4.7) -0.03
-0.13; -0.03 -0.08; 0.01
0.004* 0.172

Patient global 59.6+14.1 (60.0) 45.0+13.0 (45.0) -1.01 49.0+19.3 (50.0) 37.5+18.6(37.5) -1.05

VAS (0-100 mm) -1.98; -0.04 -1.92; -0.19
0.042* 0.016*

ESR (mm/hour)  28.6+22.5 (25.0) 17.6+9.0 (16.0) -0.46 38.1+£23.7 (30.0) 37.7+25.9(33.0) -0.07
-1.32; 0.40 -0.80; 0.67
0.293 0.860

CRP (mg/L) 7.5+£8.4 (4.1) 4.4+5.0 (2.0) -0.35 13.1£9.5 (14.8) 7.0£10.1 (2.2) -0.30
-0.84;0.13 -0.68; 0.09
0.153 0.132

US7 GS synovitis 12.7+6.6 (12.0) 10.6+6.9 (9.0) -0.06 12.8+7.6 (12.0) 8.7+6.5 (7.0) -0.31

(0-39) -0.24;0.12 -0.50; -0.12
0.507 0.001*

US7 GS 1.1+£1.3 (0.5) 0.9+1.2 (0.5) 0.00 1.5+1.8 (1.0) 0.6x1.2 (0.0) -0.06

tenosynovitis -0.04; 0.04 -0.10; -0.01

(0-5) 0.955 0.009*

US7 PD synovitis 4.3+3.0 (3.5) 3.2+4.3 (1.5) -0.05 4.3+5.0 (4.0) 2.4+3.1 (1.0) -0.12

(0-39) -0.18; 0.07 -0.25; 0.02
0.423 0.101

US7 PD 0.7+£1.6 (0.0) 0.4+0.7 (0.0) -0.02 1.6+3.0 (0.0) 0.6+2.1 (0.0) -0.07

tenosynovitis -0.06; 0.03 -0.12; -0.02

(0-15) 0.509 0.010*

US7 erosions 3.3+2.5 (3.0) 3.3+2.4 (3.0) -0.02 3.2+2.6 (3.0) 2.6+2.2 (2.0) -0.03

(0-9) -0.07; 0.04 -0.08; 0.01
0.491 0.093

FOI PVM (0-90) 7.8+4.3 (7.5) 15.2+10.4 (13.0) 0.40 12.1+8.6 (11.5) 11.1£9.1 (9.0) -0.13
0.08; 0.71 -0.33; 0.07
0.013* 0.209

FOI P1 (0-90) 8.4+10.2 (4.5) 5.5+10.4 (1.0) -0.11 8.8+11.1 (6.0) 4.0+9.3 (0.0) -0.11
-0.48; 0.26 -0.59; 0.37
0.574 0.650

FOI P2 (0-90) 29.6+£12.2 (29.0) 31.9+14.4 (32.0) 0.11 33.9+15.8 (33.5) 28.2+17.3(29.0) -0.46
-0.16; 0.37 -0.80; -0.12
0.436 0.008*

FOI P3 (0-90) 10.1+7.9 (9.0) 9.8+£7.9 (12.0) -0.02 9.9+7.4 (10.0) 8.2+6.8 (8.0) -0.13
-0.24; 0.21 -0.36; 0.11
0.876 0.296

Changes of clinical, laboratory and imaging parameters over 12 months follow-up in meanz+standard deviation (median) and p value for

significant change over time: 3 as change after 12 months; 95% ClI.
*P value for significant change over time.

CRP, C reactive protein; DAS28, Disease Activity Score 28; ESR, erythrocyte sedimentation rate; FOI, fluorescence optical imaging; GS,
greyscale; P1,2,3, FOI phases 1,2,3 (0-90); PD, power Doppler; PVM, PrimaVista mode (0-90); RTX, rituximab; US7, ultrasound seven joint

score; VAS, visual analogue scale.

Moreover, all patients (except one) were positive for
RF and ACPA. This aspect corresponds with the results
of previous studies, in which a high RTX response after
an insufficient response to TNF inhibitors was mainly
demonstrated in patients who were RF positive and
ACPA-positive."”

Due to the residual disease activity of DAS28 of more
than 3.2 and taking physician’s statement into account,
14 patients received a retherapy with RTX according to
consensus agreement” in this 1 year follow-up study. In
the group of RTX retherapy, DAS28 and patient’s global
VAS decreased significantly, while we could not calculate
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Fluorescence optical imaging in PrimaVista mode over a follow-up of 12 months after rituximab therapy. At baseline,

moderate enhancement in both wrists decreasing within 9 months.

a significance for the decreasing US7 score parameters.
This could also be observed in the study by Reiche et al in
which the number of swollen joints and laboratory param-
eters reduced significantly after 6 months and also the
US7 scores decreased without significance. In contrast to
the study by Reiche et al, US7 synovitis score by PD did
not show an increase from baseline up to 6 months later.
But the US7 synovitis score by GS was—in addition to FOI
in PVM—the only parameter in our analyses, which was
able to discriminate between groups with and without the
need for RTX retherapy. Here, US7 GS synovitis score
and FOI in PVM were the only parameters associated with
need for retherapy with RTX in patients with RA. This
may give FOI an important value for recognising disease
activity before patients exhibit clinical signs of flare. Due

to the automatic production of PVM, it is a more objec-
tive and quickly practicable method for the evaluation of
disease activity. Furthermore, with the help of FOI, a scan
of all finger and hand joints can be performed within a
short time period of 6 min. The procedure is one of the
tasks that can be delegated to a trained nurse—in the
presence of a doctor in the background. A disadvantage
might be the necessary intravenous access making FOI
an invasive method, but we have found that this is well
accepted by the patient.

If FOI in PVM continues proving an association with
RTX retherapy, it would be a good objective method in
everyday clinical practice. The adjustment of the phases
1-3 in FOI and their evaluation for every wrist and single
finger separately allows a precise estimation of disease

Table 2 Changes between baseline and 6 months follow-up

Univariable Multivariable* (AUC=0.80)
ORft AUC 95% CI P value ORt 95% CI P value
DAS28 1.04 0.48 0.57 to 1.93 0.889
Patient global VAS (0-100 1.02 0.63 0.99to 1.04 0.301
mm)
ESR (mm/hour) 1.00 0.51 0.96 to 1.04 0.952
CRP 0.98 0.58 0.89 to 1.07 0.587
US7 GS synovitis 0.82 0.73 0.67 to 1.0 0.049 0.84 0.67to 1.04 0.118
FOIl in PVM 0.84 0.78 0.72 t0 0.98 0.031 0.84 0.71t00.99 0.037

*Multivariable logistic regression model included the significant variables from univariable analyses.

TOR for increase of 1 unit.

CRP, C reactive protein; DAS28, Disease Activity Score 28; ESR, erythrocyte sedimentation rate; FOI, fluorescence optical imaging; GS,
greyscale; PVM, PrimaVista mode; RTX, rituximab; US7, ultrasound seven joint score; VAS, visual analogue scale.
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activity; however, these phases do not seem to be mean-
ingful for the prediction of retherapy to RTX according
to the present results. Overall, the evaluation of the auto-
matic PVM might save a lot of time since it is the quickest
method in the systematic FOI evaluation due to the its
automatic production by the Xiraview software. The
results in the group without retherapy are in discrepancy
to the results of a previous study of our group on treat-
ment monitoring in early RA.'

In this, we found a statistically significant reduction of
FOI phase 1 from baseline to follow-up in all patients,
regardless EULAR response criteria by DAS28, while phase
2 remained stable within 1 year. A possible explanation for
this might be the different patient population. While the
patients in the current study have a disease duration of
approximatively 15 years, in the previous study we investi-
gated early RA under 1 year of disease duration. Werner
et alalready discussed that phase 1 indicates active inflam-
mation."” The presentation of active inflammation in
phase 1 may also explain why it is reduced in the group of
retherapy as a possible low response to therapy, although
not significantly, while phase 2 as a possible presentation
of subclinical activity and sign of non-response increases,
though, without significance.

Next to the already-named invasive character of the FOI
method, another limitation of the present study is the
limited sample size in this first study addressing the eval-
uation RTX retherapy in FOI. Furthermore, the univari-
able analyses may be limited in interpretation. However,
an extensive multivariable modelling was not possible
due to the limited sample size. Therefore, we established
a multivariable model including the significant variables
(FOIin PVM and US7 GS synovitis) from univariable anal-
yses. In addition, 17 patients had already received RTX
before, which might be another limitation. It would be
interesting to assess the association of FOI parameters of
RA patients with the need for RTX re-therapy in patients
without having RTX before.

To summarise, it can be stated that FOI in PVM and
also US7 GS synovitis may be able to discriminate between
groups with and without need for RTX retherapy better
than other included imaging, clinical and laboratory
parameters. At the same time, FOI is a more objective
tool, while DAS28, patient’s VAS, and CRP also depend
on other influence (ie, psychological, infectious) factors.
Consideration should therefore be given to including
objective factors such as FOI in PVM in the decision on
RTX retherapy. In order to fully consolidate these results,
further FOI studies on larger scales are required.
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