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Abstract

The clinical benefits of rituximab in systemic sclerosis (SSc) are still contentious. The present meta-analysis aimed
to systematically assess rituximab’s safety and efficacy profile in SSc patients. A systematic online query was
performed in PubMed, Scopus, Web of Science, and Embase. The studies on the application of rituximab for
patients with SSc were reviewed comprehensively for over two years. In terms of efficacy profile, mRSS, MS,
LVEF, sPAP, FVC, DLCO, TLC, FEV, DAS, severity activity, HAQ-DI and SF36 were assessed for organ involve-
ment and quality of life. The level of biological and immunological markers was also evaluated in SSc patients
treated with RTX. In total, 24 studies met the criteria. Although they did not have a high quality, they were free
from heterogeneity and publication bias. The pooled results revealed a long-term improvement in mRSS and MS.
HAQ-DI was improved to 0.78 after 12 months, and DAS was significantly reduced to 0.33, 0.23, and 0.24
following 6, 12, and 24 months of treatment, respectively (p = 0.00 for both parameters). The rest of the parameters
remained stable over time in patients with SSc. The pooled analysis of these patients demonstrated that the induction
of death, cancer, infection, and infusion were 9, 5, 18 and 10%, respectively. Based on the pooled results of this
meta-analysis, rituximab improves skin score and disease indices and stabilizes organ involvement in SSc patients.
Rituximab seems to possess reasonable safety, similar to previous data from other autoimmune diseases.
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Introduction

Systemic sclerosis (SSc) is an autoimmune connective tis-
sue disease characterized by excessive collagen deposition
and vascular dysfunction, resulting in skin fibrosis and
internal organ involvement [1]. Based on the degree of
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skin involvement, SSc is classified into limited and dif-
fuse forms that can lead to different clinical signs and
symptoms. The quality of life of SSc patients is seriously
affected by these clinical manifestations as well as other
severe complications. Even though SSc prevalence is not
as high as that of other rheumatic diseases, this immune-
mediated disease, especially in its diffuse form, has the
highest mortality rate, even when appropriate medical
treatment and palliative care are provided [2].
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The pathogenesis of this complex disorder is not well un-
derstood yet, but B cell abnormalities
(hypergammaglobulinemia, autoantibody production, and
polyclonal B cell hyperactivity) are involved in SSc [3, 4].
The first-line treatment for SSc comprises glucocorticoids
and other immunosuppressive agents [5]. There are limited
therapeutic options available for SSc treatment, and the ma-
jority of the drugs tested so far have yielded poor or modest
results. Accordingly, a more effective and less toxic therapy is
important for SSc [1]. On the other hand, in the last years,
other immune-based therapies have emerged, including B-
cell depletion therapy and hematopoietic stem cell transplan-
tation, with encouraging results [6, 7]. Rituximab (RTX) is a
monoclonal chimeric antibody against CD20 which depletes
peripheral B cells, and is applied in systemic rheumatic dis-
eases. Its use in SSc has also been suggested owing to the
growing evidence supporting the role of B cells in SSc [8].

To the best of the authors’ knowledge, one system-
atic review and meta-analysis was published on this
topic in 2020 [9]. The sources are limited, and three
papers were missed up to the mentioned date (October
31, 2019) [10-12]. Also, there are some relevant ab-
stracts related to the efficacy of RTX in SSc patients
with details on skin and lung function tests [13-18].
The data of the articles that were pooled were not all
of the same type. The mean parameter was extracted
from one series of articles, while the median parameter
was extracted from others [19, 20]. Moreover, one se-
ries of included papers were lost in some parameters
that seemed to affect the meta-analysis results, e.g.,
the pooled analysis of the mRSS parameter in 6 and
12 months [19, 20].

Therefore, the present systematic review mainly focused on
the safety and efficacy of rituximab for the skin score and

Fig. 1 Flow diagram of literature
retrieval strategy
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organ involvement. The available data were also analyzed to
comprehensively assess the effect of RTX on the quality of
life of SSc patients.

Material and methods
Protocol registration

The protocol of the present meta-analysis is in agree-
ment with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [21].
It was registered in the international prospective register
of systematic reviews and received the registration num-
ber 42018103751. The protocol is available at the
PROSPERO website:
http://www.crd.york.ac.uk/PROSPERO/display_record.
php?ID=CRD42018103751 [22].

Search strategy and study identification

PubMed, Web of Science, Scopus, and Embase elec-
tronic databases were searched using a combination of
MeSH terms and Emtree words related to “Systemic
Sclerosis” and “rituximab”. We also screened privately
and publicly funded clinical studies which were posted
on ClinicalTrials.gov. The references of the included
studies were screened manually. On-topic articles (the
papers related to systemic sclerosis and rituximab) were
reviewed, while the titles of the articles on non-RTX
and non-SSc were excluded. The electronic searches
were performed until 31 December 2019.


http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018103751
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018103751
http://clinicaltrials.gov
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and DMARDs)
2 % 1 gor 375 mg/m*/week

observational study
Retrospective case
control study

Case series

mRSS, FVC and DLCO

24 months

13

Thiebaut M et al. 2018 [19]

20

RTX at months 0-6
2 x 1 g RTX at weeks 0-2

RTX
RTX

mRSS and FVC
FVC and DLCO
FVC and DLCO

6 months

12 months
24 months
12 months

10

Vilela VS et al. 2016 [39]
Ananyeva et al. 2013 [14]

21

Case series

2
23
24

14
15

Case series

Guzelant et al. 2017 [16]
Fraticelli et al. 2018 [12]

mRSS, FVC and DLCO

1 g x 2 or 375 mg/m*/week

Case series

RTX at months 0-6 (+2

g/day MMF)

Abbreviations: DMARD:s, Disease Modifying Anti-Rheumatic Drugs; mRSS, modified Rodnan Skin Score; FVC, Forced Vital Capacity; DLCO, Diffusing Capacity for Carbon Monoxide; 7LC, Total

Lung Capacity; FEV, Forced Expiratory Volume; LVEF, Left Ventricular Ejection Fraction; sPAP, systolic Pulmonary Artery Pressure; HAQ-DI, Health Assessment Questionnaire - Disability Index; SF-

36, medical outcome study short form 36; DAS, Disease Activity Score; MTX, Methotrexate; MMF, Mycophenolate Mofetil

Inclusion and exclusion criteria

All randomized clinical trials (RCTs) and observational
studies (cohort, case—control, and case series) examining
the effect of RTX on the survival of patients with SSc
in baseline and follow-up were included. Data about the
following parameters were extracted as mean + standard
deviation (SD) before and after RTX-therapy. In cases
that the median is reported for parameters, the mean =+
SD was calculated based on the research by Wang et al.
[23]. The significance level has been provided by
G*Power (version 3.1.9.4) software for the studies that
did not report a p value [24].

The inclusion criteria were: (1) All the patients in the
RTX-treated group were diagnosed with limited and/or
diffuse SSc and met the preliminary American College
of Rheumatology classification criteria of SSc; (2) the
primary study outcome reported variations in the modi-
fied Rodnan skin score (mRSS) for skin function and
forced vital capacity (FVC) and/or diffusing capacity of
the lungs for carbon monoxide (DLCO) for lung func-
tion; 3) additional outcomes could include the assess-
ment of pulmonary involvement by total lung capacity
(TLC) and forced expiratory volume (FEV), skin func-
tion by myofibroblast score (MS), cardiac involvement
by left ventricular ejection fraction (LVEF) and systolic
pulmonary artery pressure (sPAP), daily functioning and
quality of life by health the Assessment Questionnaire
Disability Index (HAQ-DI), and the medical outcome
study short form 36 (SF-36), disease indices by the
disease activity score (DAS) and severity activity, and
the disease in the microscopic level by biological and
immunological markers (the percentage of infiltrated B-
cell in the skin and IgG, IgM and IgA); and 4) safety
outcomes had to be evaluated based on the induction of
death, infusion, infection, and cancer. Safety outcomes
were extracted from all the included studies.

The exclusion criteria were: (1) reviews, case report,
letters, animal models and cell culture studies; (2) arti-
cles without an English version; (3) overlapping or du-
plicated data, and (4) studies without data on the effi-
cacy of RTX on SSc patients. When several publica-
tions of the same trial were found, the most recent ver-
sion and most comprehensive data were included.

Selection, assessment, and data extraction

Two reviewers screened the title, abstract, and keywords
of every record independently, and then the full-text of
the articles which met our criteria was retrieved and
assessed for data extraction. A checklist was designed
in Excel to extract the relevant data from the articles.
Two investigators crosschecked the checklists, and any
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Fig. 2 Forest plot of response
ratio for rituximab efficacy on
mRSS of SSc patient at (a) 6
months, (b) 12 months, (c) 24
months’ treatment

disagreement was resolved by discussion and reaching

consensus. The following items were extracted: first au-

thor’s name, year of publication, RTX regimen, primary
and/or secondary clinical outcome, and adverse events.
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Data synthesis and analysis (meta-analysis)

Statistical analysis was performed in the comprehensive
meta-analysis software (CMA, version 2.2.064,

2.01

o

Pre-treatment

Fig. 3 Forest plot of response ratio for rituximab efficacy on MS of SSc patient at 6 months’ treatment
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Fig. 4 Forest plot of response ratio for rituximab efficacy on DAS of SSc patient at (a) 6 months, (b) 12 months, (¢) 24 months’ treatment

Englewood, NJ, USA). The between-study variance was
calculated by the DL (Der Simonian and Laird) estima-
tor, which is the default option in several meta-analysis
programs such as CMA [25]. To evaluate RTX efficacy

@ Springer

in the patients, before and after RTX therapy, the data
in all the parameters were collected to calculate the
response ratio [26]. Moreover, the prevalence (risk ratio)
was utilized to evaluate the safety profile. Effect sizes
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with 95% CI were calculated for dichotomous data, and
pooled effect sizes were estimated via a fixed-effect
model [27]. The presence of heterogeneity was exam-
ined via the X? test. The total variation across the stud-
ies which was due to heterogeneity rather than chance
was indicated by the Q test with p < 0.05 and I* >
50%. The potential publication bias was assessed via
Begg’s funnel plot method. When the funnel plot was
asymmetric, the possibility of publication bias was evaluated
by the trim-and-fill method in which the imputation of poten-
tially missing studies (probably unpublished studies) yields a
symmetric funnel plot. After imputation, if the overall effect
size (adjusted effect size) was not significantly changed, pub-
lication bias was deemed to be unlikely to affect the pooled
estimate of effect size [28].

Results
Included studies

The initial search strategy yielded 1024 publications. After
removing 453 duplicates, the remaining articles were evaluat-
ed by screening their titles and abstracts, and 571 irrelevant
articles were excluded in this stage due to the following rea-
sons: non-RTX (49), non-SSc (158), other study types (re-
views, letters to the editor, communications, case re-
ports, in-vitro, animal) (339). Finally, 24 studies were
selected based on the predefined inclusion and exclusion
criteria. Fig. 1 presents the details of the online database
search strategy. The main features of the studies includ-

ed in the meta-analysis are given in Table 1.
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Efficacy evaluation significantly decreased to 0.8, 0.58, and 0.433 after 6, 12,
and 24 months, in that order (p = 0.000 for all comparisons

Skin score and disease indices with respect to the baseline). After six months, the overall
response ratio of MS equaled 0.2 (Fig. 3) (p = 0.02).

Interestingly, the skin score improved over time in RTX- Based on Fig. 4, the activity index was significantly

treated SSc patients. Fig. 2 displays that mRSS values  reduced during the follow-up (6 months: 0.33, 12
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months: 0.23, 24 months: 0.24, p = 0.000 for all the
comparisons with respect to the baseline). However, the
overall pooled estimate of the severity index at the final
available follow-up equaled 0.68 (Fig. 5) (p = 0.35).
The HAQ-DI value significantly decreased to 0.78 at
12 months (p = 0.003) and SF-36 was stabilized over
the time of treatment (Figs. 6 and 7). The results dem-
onstrated no significant heterogeneity.
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Cardiopulmonary involvement

FVC and DLCO, as well as TLC and FEV, were measured to
check the improvement of pulmonary function in patients with
SSc. All the lung parameters remained stable during the follow-
up with RTX (Figs. 8, 9, 10, 11). The parameters Cardiac involve-
ment was assessed by LVEF and sPAP. Based on Figs. 12 and 13,
both parameters were stabilized over time treatment with RTX.
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The level of infiltrating B cells, IgM, IgG, and IgA did not change
during the RTX therapy (Figs. 14, 15, 16, 17). No significant
heterogeneity was detected in the overall pooled estimates.

Safety profile

RTXs safety profile in SSc patients was also examined, and
Fig. 18 presents the pooled data. The prevalence of induction

death, cancer, infection, and infusion in RTX-treated SSc pa-
tients were 9, 5, 18 and 10%, respectively, and the result
indicated no significant heterogeneity.

Publication bias

Funnel plots were utilized to examine the existence of
publication bias in the present meta-analysis. A visual
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Fig. 10 Forest plot of response ratio for rituximab efficacy on TLC of SSc patient at (a) 6 months (b) 12 months (¢) 24 months’ treatment
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inspection of the funnel plots (Figs. 19, 20, 21, 22, 23, 24,
25) demonstrates clear symmetry for all subgroup
analyses.

Discussion

RTX has been recommended as a B-cell depletion drug
to treat SSc patients, but contradictory data have been
reported about its efficiency [38]. A meta-analysis was

recently conducted to obtain accurate results about this
issue, but the findings are not reliable due to heteroge-
neity, lost papers, and lack of the same central index in
all the included articles [9]. Therefore, this is the first
systematic review and meta-analysis to comprehensively
evaluate the long-term clinical efficacy and safety pro-
file of RTX on the quality of life of SSc patients.
According to the results, if RTX is administered to
SSc patients, it will significantly reduce the skin score
and disease activity that can lead to significant

Risk Lower Upper
Study name ratic limit  limit Z-Value p-Value e e el el 535 1]
Melsens-1(2017} 0.299 0188 5012 0001 0088
Melsens-2(2017} 0995 0261 3791 -0.007 0,995
Smith-1{2015} 0255 0040 23333 -0.022 0.283
Smith-2{201%} 09E 0207 4072 -0OMNM3 0.910
Creerali(Fsyue- 000, P-1) Q970 0428 2200 -D.072 0.542
.01 a.1 1 10 100
a Pre-traatimerit Post-treament
Study name Statistics for each study Rizk ratic and 86% C|
Risk  Lowet Uppet
ratic  limit limit Z-Value p-Value
Maleens- 102017 1081 0000 35038263 0015 0983
Melsens-2(2017) 1244 0.000 5333356 003 09358
Srith-2{2015) 1240 0000 AE22FAME 0036 08T c
1192 0004 D558 Q0en gEhz
001 2.4 1 14 1M
b Fre-treatmemnt Post-treament
Study name Risk Lower Upper
ratio  limit limit Z-Value p-Value
Melzens-4(2017) 1.081 0152 6935 0082 0835
Melsens-5(2017) 1.014 0478 5771 0016 0888
Melzens-82017) 0.979 0078 12.542 -0Me 0987
Smith-4{2015) 1020 0183 8375 0.0M 0983
Smith-5(2015)  0.832 0183 4746 0083 0852
Smith-B{2015) 0E&7¢ 0030 95582 .10 0913
OveralliT-square=0.00, P=1)  0.8988 0431 2,185 -0.031 0875
0.1 0.1 1 10 100
C Pra-traalinent Post-treanment

Fig. 11 Forest plot of response ratio for rituximab efficacy on FEV of SSc patient at (a) 6 months, (b) 12 months, (¢) 24 months’ treatment
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improvements in the quality of life of these patients. It
was also shown that internal organ involvement remains
stable under treatment with RTX. RTX’s safety profile
in SSc patients was satisfactory because few RTX-
related severe adverse events were recorded in the stud-
ies. Moreover, no heterogeneity or publication bias was
found across the included studies.

In spite of the clear impact of RTX on reducing the
circulating B cells, the mechanism of its action in connec-
tive tissue diseases is still vague. Treatment with RTX
results in varying, but modest, changes in the levels of
autoantibody. As a result, this mechanism does not seem

to explain any therapeutic benefit in SSc patients. In re-
cent research, RTX decreased B cells in most (but not all)
synovial tissues of patients who had rheumatoid arthritis
(RA) [40]. Although local B cell functions (e.g., cytokine
secretion or antigen presentation) have been viewed as
alternative mechanisms for RTX activity, the clinical re-
sponse in RA patients was not associated with the degree
of pretreatment B cell infiltration in synovial tissues [41].
Numerous clinical studies have been conducted to com-
prehensively evaluate the safety and efficacy and of this
therapeutic agent in several involved tissues and organs.
Concerning the application of RTX in SSc, cutaneous
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Fig. 12 Forest plot of response ratio for rituximab efficacy on LVEF of SSc patient at (a) 6 months, (b) 12 months, (¢) 24 months’ treatment
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and pulmonary functions are often assessed as the pri- As previously mentioned, internal organ involvement
mary research outcomes due to their significance for  remains stable under RTX treatment, which is in favor
clinical mortality [42]. of a better prognosis. Based on previous studies, if no

Risk Lower Upper

Study name ratia  limit limit Z-Value p-Value

Daocussis(2010} 0.499 0.028 8934 -0.472 0.637 B

Lafyatis(2008) 0327 0.007 14518 -0.578  0.563 i

Bosello-1{2010) 0.103 0.001 20200 -0.844  0.399 3 n

Bosello-2(2010) 0.250 0.004 14440 -0.670 0.503 L
Ureralll-square=0. I<0.96) 0.319 0.042 2.069 -1.198  0.231 =i~

0.0 0.1 1 10 100

Pre-trealment Post-freament
Fig. 14 Forest plot of response ratio for rituximab efficacy on B-cell of SSc patient at 6 months’ treatment

@ Springer



Clin Rheumatol

Rlgk
Syt e
Sikia[2015) 4515
Lefymeis(2009)  9.804
Boeala-12010: 9643
Bosela 220100  O.GE0
Creaglli lzquage— I F=1}  Q.EBS
Risk
Sy e rallo
Sikia[20:5) 0783
Lefymisi2008] 0804
Brealk20i0y 0621

Coactal i T-aquae=1, =13 g7-5

Lorwar Upper
Nmit |mit I-¥elwr p-valwe
000 2534337171154 qo-e 0.985
.00 45 .05 095
0065 0742 224 0.8
0,000 1543955 0,056 0.o3z i
0.014 1585 0247 0&0S ——*——
b 4.1 1 " e
& Pre=treatment Post-tr=ament
Linwel Uppezt
mit 1hmild Z4alue p-Value
0000 474160745727 .02 Bl ]- £}
0001 451684 068 L.ad5
.00 RriaTe A157 LA
a.oov G5.68° d.1d4 CA&3
oM o1 1 " 10
t Pra-tresmer Post-frawment

Fig. 15 Forest plot of response ratio for rituximab efficacy on IgM of SSc patient at (a) 6 months, (b) 12 months’ treatment

Bhudy name m‘:} L
Lofval(2002)  0.BEd
Bosdlooi2E TN} 0443
Bosalk (RN 04RG

Dverall{l-squara= 0, 1'=17  na

STy Bame R]E:H
Lakyiis[2E04) 0.8
Boadicd2010) 0074

Onverall] [-souare— 0, P=1) 0.0d0

P-valle
ikl
uk-L ]
ok
0334

pe¥aluwa
L
q99%a
q ag7

L8 1 L] Wk

Predreatment Pratdrastment

.01 18] 1 1n 1M

Pre-tysutmusl Pussl-limumimidL

Fig. 16 Forest plot of response ratio for rituximab efficacy on IgG of SSc patient at (a) 6 months, (b) 12 months’ treatment

Sy nams Rizh
ralse
Lafyetis (2005 2506
Bowelly 1(2010)  2.541
Bosello.2{2010] 7878
Cheerallif-square= 1), [=1) 216
Risk

Sl
by name ratio
| afymbsi@005) 1015
Bosello[2010) 0875

Overallfl-sguace @ P 17 pess

AT Upper
1mé L Il
0000 FHR25IRCA45051 . b0 -0.002
2.000 109350 EEEBE2 A5 005 OO000. (K0 0,002
A1.000 384 74477 T RBANEON D00 D03 0
1.00C 38921 7 1a004 ONG -0 03
a
Lavwnr Wipat
limit fimit Zevalira
A0 SO5I7ASGTA01S Ol <1ALS
A.00% 43548 T dE LSS0 A0S OO0 A00 <1.0B"
.00 1005592072245 290 a.00d
Lowar Uippar
limin limniv ZWalup
0000 0BT GE27E" D SEERRO.G0 00465
0.0a0 BSIC2 AR 1.145
0.Ja0 BaTT21-B3A 143 0.8y
1.Aun 18338128 LATH
a
Lenwer Upper
lamit lirmit 2-¥ilug
0 1084 AERRS364 5R50 G ooa1
& DO 212503334 567528 G -0.oo?
aJ 0o 2714BIEA5TR. 102 -0.001
b

pe¥alue

[0 BCE
0.844
Q<30
0LR5Y

pvalue
nagn
D.BBD
1.00D0

Pra-reatment Post-trealmant

0.0

a1 1

10 14o

Fredregiment Poat-iregoent

Fig. 17 Forest plot of response ratio for rituximab efficacy on IgA of SSc patient at (a) 6 months, (b) 12 months’ treatment

@ Springer



Clin Rheumatol

[t
ol e va e

Comw Y 3im qprl pwh AR a6 [
_ T4 W @ R I
¥ 3E U D M oLT [a—
£ 1z ALE Law T 3R -
= Low LK ymp AN T [=—
1A W gwe IR 1. T
It W Lap BAeD L f—
PRIV TR U S ¥
A S WK
I IR
O W CAMM MM
e e MIE MR A LT -
I —rT 1w ——
[ — 1w —
e i -
Wi T i —
= b il A0Ll L34 UaE MLk LEr Lun -
5 Smanly AN MR AIN e we u
H hameh A BT B A Berr b—
1nn. A L aaE AW LuM —
WRUARSIE 1 T 1o m ah [
aLan LI Lea L& 48D Lo [
Lo P WML MWT D h Uk ]
Ll Mo U Im aim =
o aa MA LA Can —
renTRy Tiw e wm o m o —
ralap 4 FEMT LM LIE L3L I LAR *
oam o maoam

pTar

=

LU v R B P o]

i

ELEC IR B R R

THE Lonw upHE

[ e T
Bk B AN e
ai0T 02 - ad AN
ALT LIED AMT AW
ars e e A
3 ATH 08 Zed LI
N T R
AL XY AR ANL
O T
1M A% R T AXd
LN AME DT AN XD

HEr

Fig. 18 Forest plot of prevalence rate of death, cancer, infection and
infusion in rituximab-treated SSc patients at the end of follow-up

severe organ involvement happens within the first three
years, patients will have a better nine-year cumulative
survival (72 vs. 38%, p < 0.0001) [43]. All the results
are consistent with previous studies [30, 31, 44], there-
by confirming RTX’s disease-modifying properties.

The mRSS is a validated surrogate marker [45] fre-
quently adopted as an outcome measure in clinical trials
[46]. Exacerbation of mRSS is associated with higher
mortality and worsening of internal organ involvement.
On the contrary, improvement of the skin score predicts
favorable outcomes such as better survival [47].
Interestingly, despite changes in the skin score after
treatment with RTX, a reduction in myofibroblast score
was observed in these patients. These data indicate that
a decline in myofibroblast score could be a preclinical
indicator of improved scleroderma skin fibrosis [31].

It is notable that, although the mRSS significantly im-
proved, the percentage of infiltrated B-cells in the skin and
immunological markers remained stable; a point that should
be investigated further via randomized controlled trials.

All the reported RTX-related adverse events are detailed in
the present meta-analysis. The most frequently occurring ad-
verse events are mild infusion-related reactions and infectious
complications [33]. Nevertheless, patients who receive place-
bo demonstrated similar or even higher infection rates, sug-
gesting that these adverse events could be associated with
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Fig. 21 Begg’s funnel plots to
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DMARD co-treatment or the natural course of the disease
[48].

Even though our results suggest that cutaneous function in
patients with SSc can benefit from the clinical use of RTX,
more clinical trials are required to elucidate how RTX can be
applied in combination therapy and to optimize the combined
treatment for better controlling lung involvement in patients
with SSc [49]. For instance, the most recent data demonstrate
that patients who are concomitantly treated with RTX and
mycophenolate mofetil have a better outcome in terms of both
skin and lung fibrosis, compared to patients who receive RTX
alone [50].

We have shown RTX’s safety and clinical efficacy, partic-
ularly for skin fibrosis, in SSc. Still, our study has a number of
limitations. The open-label design and the small sample size
of'these studies are major limitations preventing us from draw-
ing any firm conclusion as to the efficacy of RTX in SSc.
Also, the patients’ variable background and co-treatment op-
tions for them may make the comparison between studies
difficult [34]. In addition, the diversity in RTX regiment and
follow-up in different clinical centers may lead to the incon-
sistency of results. Finally, the available data on the parame-
ters in conventional-therapy groups were inadequate. Unlike
the RTX-treated group, it is not possible to generate pooled
data during follow-up in the conventional-therapy group [19,
30, 50, 51]. These limitations motivate the initiation of a phase
III prospective, randomized, double-blinded, placebo-
controlled trial in SSc, which serves as the next step for prov-
ing the efficacy of B cell targeting on fibrotic manifestations in
SSc.
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Conclusion

Based on our literature review, RTX is relatively safe and well
tolerated, reduces the clinical skin score, significantly im-
proves the quality of life, and may prove effective in stabiliz-
ing internal organ involvement in patients with SSc. Still,
these promising results about RTX efficacy should be con-
firmed in large-scale and multicenter phase III randomized-
controlled trials compared with matched-control SSc patients
who do not receive RTX treatment.

Abbreviations PRISMA-P, preferred reporting items for systematic re-
views and meta-analyses protocols; SSc, systemic sclerosis; ILD, inter-
stitial lung disease; RTX, rituximab; mRSS, modified Rodnan Skin
Score; FVC, forced vital capacity; DLCO, diffusing capacity of the lungs
for carbon monoxide; TLC, total lung capacity; FEV, forced expiratory
volume; sPAP, systolic pulmonary artery pressure; HAQ-DI, Health
Assessment Questionnaire Disability Index; SF-36, short form 36; MS,
Myofibroblast Score; DAS, Disease Activity Score; LVEF, left ventricu-
lar ejection fraction; Ig, immunoglobulin;, DMARDs, disease modifying
anti-rheumatic drugs
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