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Abstract
Background: Systemic sclerosis (SSc) is a clinically complex and challenging disease, the most frequent complication of which is
interstitial lung disease, which leads to a worse prognosis. In this situation, cyclophosphamide is considered the criterion standard for
treatment, despite the controversies regarding its efficacy and toxicity. However, studies using rituximab (RTX) have shown that this
drug may be a promising therapeutic option. The objective is to describe a protocol of a systematic review (SR) that analyzes the
scientific evidence on the effects of RTX on SSc.

Methods: This protocol is guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols. The
databases to be searched are PubMed, Scopus, SciELO, LILACS, ScienceDirect, Web of Science, COCHRANE, WHOLIS, PAHO,
and EMBASE. The studies that would be included in SR are clinical trials that evaluate the use of RTX in patients with SSc who meet
the classification criteria for the disease according to American College of Rheumatology and European League Against Rheumatism
(2013) and/or LeRoy criteria will be included in the SR. The data to be extracted are related to the characteristics of the studies:
authors, year of publication, study location, type of study, sample size and age, patient characteristics, duration of intervention,
therapeutic scheme, follow-up time, main variables, and main results.

Results: In our study, we hope to find articles presenting new evidence supporting treatment of SSc with RTX.

Conclusions: The SR will present results of scientific evidence for the effects of RTX in SSc. We hope that the results could
strengthen clinical decisions for the best treatment of SSc and guide future researches.

PROSPERO registration number: CRD42019132018.

Abbreviations: ILD= interstitial lung disease, PRISMA-P= Preferred Reporting Items for Systematic Reviews andMeta-Analyses
Protocols, RTX = rituximab, SR = systematic review, SSc = systemic sclerosis.
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1. Introduction

Systemic sclerosis (SSc) is an autoimmune connective tissue
disease characterized by vascular dysfunction and excessive
collagen deposition, resulting in skin fibrosis and the involvement
of internal organs.[1–4] SSc affects about 2 per 10,000 individuals
and women are more affected than men.[2,4] The most affected
age group is between 45 and 64 years of age, and African-
Americans have been reported to have an earlier onset and more
severe course.[1,3]

The pathogenesis of SSc is not well-understood, but B cell
abnormalities (autoantibody production, hypergammaglobuli-
nemia, and polyclonal B cell hyperactivity) are part of this
complex disorder.[5,6] The disease is associated with significant
incapacity and mortality.[2] Pulmonary involvement is a common
clinical presentation, and interstitial lung disease (ILD) and
pulmonary artery hypertension are the 2 major causes of death in
SSc.[4,7–9]

SSc can be divided into 2 main subsets, according to the degree
of skin involvement. In the limited form, skin thickening is
confined to the elbows and knees and internal organ involvement
is less severe. The diffuse form is characterized by skin thickening
in both proximal and distal to the elbows and knees and/or the
trunk, and organ damage is more severe.[1,2,10,11]
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Treatment for SSc-associated ILD is based on the European
League Against Rheumatism (EULAR) recommendations, that is,
the use of cyclophosphamide (CYC).[2,8,12,13] This drug is,
however, associated with teratogenicity, gonadal failure, bone
marrow suppression, and infection.[2] Recently, other immune-
based, targeted therapies have been investigated. Hematopoietic
stem cell transplantation and B cell depletion therapy (CD20)
have shown good results.[12,14,15] In addition, rituximab (RTX) is
a monoclonal chimeric antibody against CD20 that depletes
peripheral B cells. It is used in systemic rheumatic diseases and its
use in SSc has been proposed because of the growing evidence for
the role of B cells in SSc.[16]

The incapacity and mortality caused by SSc-ILD, the fragility
of current therapies, and the new evidence supporting treatment
with RTX justify the importance of developing a protocol to
systematic review (SR) that analyzes the scientific evidence on the
effects of RTX on SSc.
The objective of this study is to describe a protocol of an SR

that analyzes the scientific evidence on the effects of RTX on SSc
to support clinical decisions for the best treatment of SSc.
2. Methods

2.1. Protocol and registration

This protocol was prepared in accordance with the guidelines
described by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA-P).[17] Posteri-
orly, the SR will be prepered in accordance with the guidelines of
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).[18]

The protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) on 24 July 2019
(CRD42019132018).

2.2. Eligibility criteria
2.2.1. Inclusion criteria. Articles are going to be included in the
SR if they are clinical trials evaluating the use of RTX in patients
with SSc, using the ACR/EULAR (2013) and/or LeRoy
classification criteria for SSc.

2.2.2. Exclusion criteria. Reviews, case reports, abstracts,
thesis, and other types of epidemiologic studies will be excluded
of the SR.

2.3. Information sources and literature search

The search will be performed independently by the researchers
MMVFC, KPMA, and IDSFP in the following databases:
PUBMED, SCOPUS, SCIELO, LILACS, SCIENCE DIRECT,
WEB OF SCIENCE, COCHRANE, WHOLIS, PAHO, and
EMBASE. Combinations between the keywords “rituximab,”
“scleroderma systemic,” and “systemic sclerosis” will be used to
guarantee a broad research strategy, according to the character-
istics of each database, accompanied by the Boolean operators
“AND” and “OR”. The following search strategy will be used:
[(RITUXIMAB) AND (SCLERODERMA SYSTEMIC OR
SYSTEMIC SCLEROSIS)].
The first selection will be focused on the title and abstract, with

no limitations on the publication date. In this stage, all articles
that do not directly address the subject of interest will be
excluded, and, using Mendeley software, duplicated titles will be
removed (Fig. 1).
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The articles that meet the criteria will be directed to a full
reading (second stage). After reading the complete articles, both
researchers will select the articles to be included in the review. The
evaluations will be performed by 2 authors (MMVFC and FABN)
and the discrepancies or doubts will be resolved under the
guidance of a third researcher (GP).

2.4. Data extraction

The following data will be extracted from the selected articles:
authors, year of publication, study location, type of study, sample
size and age, patient characteristics, duration of intervention,
therapeutic scheme, follow-up time, main variables, and main
results.
Two reviewers will be responsible for extracting and managing

the data, which will be inserted into an EXCEL spreadsheet;
doubts will be clarified with the help of the third researcher.

2.5. Risk of bias assessment and grading of
recommendations assessment, development, and
evaluation assessment

The PEDro scale will be used to evaluate the quality of the
selected articles.[19] This scale has been validated and is used in
randomized clinical trials. It has 11 items, but only 10 (items 2–
11) are related to internal validity. According to the evaluation of
the established criteria, the articles can obtain 0 (does not meet)
or 1 (meet) point for each item evaluated. The sum of the scores
varies from 0 to 10. The evaluations will be performed by 2
authors and discrepancies or doubts will be resolved under the
guidance of a third researcher.

2.6. Data analysis and synthesis

The SR will present information from the included studies, such as
the sample characteristics, types of measurements and assessments,
primary outcomes (improvement of dyspnea andquality of life), and
secondaryoutcomes (improvement of skinfibrosis and evaluationof
adverse events), statistical analysis, and the main results.
A narrative approach will be used to summarize the

effectiveness of the interventions. The heterogeneity between
trial results will be evaluated using a standard I2 test with a
significance level of 0.1 and the I2 statistic, which is a quantitative
measure of inconsistency across studies, with a value of 0%
indicating no observed heterogeneity, and values of 50%
indicating substantial levels are present. If there is heterogeneity
(I2=75%), a random-effects model will be used to combine the
trials to calculate the relative risk and 95% confidence interval,
using the DerSimonian-Laird algorithm in meta for package, a
meta-analysis package for R. Other study characteristics and
results will be summarized narratively if a meta-analysis cannot
be performed for all or some of the included studies. If possible,
funnel plots will also be used to assess the presence of potential
reporting bias, and a linear regression approach will be used to
evaluate funnel plot asymmetry.
For analysis of subgroups, the types of intervention will be with

the use of RTX vs control; sex, age group, and clinical conditions
will be considered.

3. Discussion

The SR proposal presented in this protocol aims to identify
studies that show the scientific evidence for the effects of RTX in
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Figure 1. Article selection flowchart. Adapted from Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P).[18]
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SSc, particularly regarding lung and skin involvement. Studies
have demonstrated the role of B lymphocytes in the pathophysi-
ology of SSc and associated fibrosis.[5,6] Moreover, studies using
RTX, a monoclonal chimeric antibody that depletes peripheral B
cells, have shown that this drug may be a promising therapeutic
option with the possibility that only 1 drug may be beneficial to
both the skin and lung in this disease.[12,15,16]

Currently, many studies have demonstrated a possible role
for RTX in the management of patients with SSc. Some studies
suggested that RTX has a beneficial effect on lung function
and skin fibrosis in patients with SSc.[12,15,16,20,21] Others,
have, showed inconclusive data about the efficacy of RTX in
patients with SSc.[22] The main adverse events associated with
the use of RTX in SSc were mild infusion reactions, besides
sepsis, urinary tract, pulmonary, herpes zoster, and cardio-
vascular involvement.[12,15,21,23]

Following EULAR the recommendations, 2 studies guided the
treatment of ILD associated with SSc with CYC.[13] Both studies
considered forced vital capacity (FVC) analysis as the primary
outcome and computed tomography (CT) lung analysis as a
secondary outcome. Tashkin et al[24] reported that 1 year of oral
CYC treatment resulted in a slight but significant improvement in
FVC and total lung capacity. Conversely, Hoyles et al[25] found
no significant improvement in FVC and CT in the CYC group.
According to the EULAR recommendations for cutaneous

fibrosis in SSc, methotrexate (MTX) is indicated as the criterion
standard for treatment. The EULAR MTX treatment protocol
was based on 2 studies indicating that this drug improves the
modified Rodnan skin score, but the effects on other organs have
not been established. The study by van den Hoogen et al[26]
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concluded that a greater number of SSc patients responded
favorably to MTX compared to placebo. The results of Pope
et al[27] showed a favorable trend with the use of MTX over
placebo, but the differences between groups were considered
subtle.[27] However, despite the EULAR recommendations for
the use of MTX, it is important to point out that, from the point
of view of patient safety, the use of this drug can cause liver
toxicity, pancytopenia, teratogenesis, and lung injury.[28]

The literature shows that RTX is used in treatment for many
diseases, such as lymphoma and rheumatoid arthritis (RA). The
use of RTX for the treatment of non-Hodgkin lymphoma leads to
common adverse effects related to infusion, including pruritus,
nausea, vomiting, dizziness, headache, fever, and stiffness.[29]

These symptoms are usually related to the first infusion of RTX.
However, severe infusion reactions occur in approximately 10%
of patients. The vast majority of cases with adverse events are
reversible with the interruption or discontinuation of RTX in
addition to supportive care.[30]

The use of RTX in the treatment of RA is associated with
adverse effects through infusion reactions, which are mainly
graded from mild to moderate; severe reactions are uncommon
(<1%).[31] Regarding the risk of malignancy, no elevations in
solid tumor or lymphoma rates have been observed in patients
using RTX, except for patients with T cell deficiency in HIV
infection.[31]

However, there was a need to look for evidence in the literature
that brings studies the effects of RTX in SSc. Therefore the
proposed SR may provide important information for better
treatment for patients with SSc and also help to highlight areas
that require the need for further research on the subject.

http://www.md-journal.com


Caldas et al. Medicine (2019) 98:38 Medicine
Author contributions

Conceptualization: Marina Maria Vieira de Figueiredo Caldas,
Francisco Alves Bezerra Neto, Grasiela Piuvezam.
Formal analysis: Francisco Alves Bezerra Neto, Kesley Pablo

Morais de Azevedo, Ana Katherine da Silveira Gonçalves de
Oliveira, Grasiela Piuvezam.

Investigation: Marina Maria Vieira de Figueiredo Caldas,
Francisco Alves Bezerra Neto, Kesley Pablo Morais de
Azevedo, Isac Davidson Santiago Fernandes Pimenta, Gra-
siela Piuvezam.

Methodology: Francisco Alves Bezerra Neto, Kesley Pablo
Morais de Azevedo, Ana Katherine da Silveira Gonçalves de
Oliveira, Grasiela Piuvezam.

Project administration: Francisco Alves Bezerra Neto, Kesley
Pablo Morais de Azevedo, Grasiela Piuvezam.

Resources:MarinaMaria Vieira de Figueiredo Caldas, Francisco
Alves Bezerra Neto, Isac Davidson Santiago Fernandes
Pimenta.

Software: Isac Davidson Santiago Fernandes Pimenta.
Supervision: Francisco Alves Bezerra Neto, Grasiela Piuvezam.
Writing – original draft: Marina Maria Vieira de Figueiredo

Caldas, Francisco Alves Bezerra Neto, Kesley PabloMorais de
Azevedo, Grasiela Piuvezam.

Writing – review & editing: Marina Maria Vieira de Figueiredo
Caldas, Francisco Alves Bezerra Neto, Kesley PabloMorais de
Azevedo, Ana Katherine da Silveira Gonçalves de Oliveira,
Grasiela Piuvezam.
References

[1] Barnes J, Mayes MD. Epidemiology of systemic sclerosis: incidence,
prevalence, survival, risk factors, malignancy, and environmental
triggers. Curr Opin Rheumatol 2012;24:165–70.

[2] Pellar RE, Pope JE. Evidence-based management of systemic sclerosis:
navigating recommendations and guidelines. Semin Arthritis Rheum
2017;46:767–74.

[3] Mouthon L, Bérezné A, Guillevin L, et al. Therapeutic options for
systemic sclerosis related interstitial lung diseases. Respir Med 2010;104:
104(suppl 1):S59–69.

[4] Bussone G, Mouthon L. Interstitial lung disease in systemic sclerosis.
Autoimmun Rev 2011;10(5 SI):248–55.

[5] Bosello S, De Santis M, Lama G, et al. B cell depletion in diffuse
progressive systemic sclerosis: safety, skin score modification and IL-6
modulation in an up to thirty-six months follow-up open-label trial.
Arthritis Res Ther 2010;12:R54.

[6] Pittman N, Rawn SM, Wang M, et al. Treatment of small intestinal
bacterial overgrowth in systemic sclerosis: a systematic review.
Rheumatology (Oxford) 2018;57:1802–11.

[7] Hax V, Bredemeier M, Didonet Moro AL, et al. Clinical algorithms for
the diagnosis and prognosis of interstitial lung disease in systemic
sclerosis. Semin Arthritis Rheum 2017;47:228–34.

[8] Desbois AC, Cacoub P. Systemic sclerosis: an update in 2016.
Autoimmun Rev 2016;15:417–26.

[9] Volkmann ER, Tashkin DP, Sim M, et al. Short-term progression of
interstitial lung disease in systemic sclerosis predicts long-term survival
in two independent clinical trial cohorts. Ann Rheum Dis
2019;78:122–30.

[10] Denton CP, Khanna D. Systemic sclerosis. Lancet 2017;390:1685–99.
4

[11] Khanna D, Tashkin DP, Denton CP, et al. Ongoing clinical trials and
treatment options for patients with systemic sclerosis–associated
interstitial lung disease. Rheumatology (Oxford) 2019;58:567–79.

[12] Daoussis D, Melissaropoulos K, Sakellaropoulos G, et al. A multicenter,
open-label, comparative study of B-cell depletion therapy with
Rituximab for systemic sclerosis-associated interstitial lung disease.
Semin Arthritis Rheum 2017;46:625–31.

[13] Kowal-Bielecka O, Fransen J, Avouac J, et al. Update of EULAR
recommendations for the treatment of systemic sclerosis. Ann RheumDis
2017;76:1327–39.

[14] Daoussis D, Tsamandas A, Antonopoulos I, et al. B cell depletion therapy
upregulates Dkk-1 skin expression in patients with systemic sclerosis:
association with enhanced resolution of skin fibrosis. Arthritis Res Ther
2016;18:118.

[15] Bosello SL, De Luca G, Rucco M, et al. Long-term efficacy of B cell
depletion therapy on lung and skin involvement in diffuse systemic
sclerosis. Semin Arthritis Rheum 2015;44:428–36.

[16] Daoussis D, Liossis SNC, Tsamandas AC, et al. Experience with
rituximab in scleroderma: Results from a 1-year, proof-of-principle
study. Rheumatology (Oxford) 2010;49:271–80.

[17] Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation. BMJ 2015;349:1–25.

[18] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement (Chinese
edition). J Chinese Integr Med 2009;7:889–96.

[19] Maher CG, Sherrington C, Herbert R, et al. Reliability of the PEDro
Scale for Rating Quality of Randomized Controlled Trials. Physical
Therapy 2003;83:713–21.

[20] Jordan S, Distler JH, Maurer B, et al. Effects and safety of rituximab in
systemic sclerosis: an analysis from the European Scleroderma Trial and
Research (EUSTAR) group. Ann Rheum Dis 2015;74:1188–94.

[21] Melsens K, Vandecasteele E, Deschepper E, et al. Two years follow-up of
an open-label pilot study of treatment with rituximab in patients with
early diffuse cutaneous systemic sclerosis. Acta Clin Belg 2018;73:119–
25.

[22] Boonstra M, Meijs J, Dorjée AL, et al. Rituximab in early systemic
sclerosis. RMD Open 2017;3:e000384.

[23] Smith V, Piette Y, Van Praet JT, et al. Two-year results of an open pilot
study of a 2-treatment course with rituximab in patients with early
systemic sclerosis with diffuse skin involvement. J Rheumatol
2013;40:52–7.

[24] Tashkin DP, Elashoff R, Clements PJ, et al. Cyclophosphamide versus
placebo in scleroderma lung disease. N Engl J Med 2006;354:2655–66.

[25] Hoyles RK, Ellis RW, Wellsbury J, et al. A multicenter, prospective,
randomized, double-blind, placebo-controlled trial of corticosteroids
and intravenous cyclophosphamide followed by oral azathioprine for the
treatment of pulmonary fibrosis in scleroderma. Arthritis Rheum
2006;54:3962–70.

[26] Van den Hoogen FH, Boerbooms AM, Swaak AJ, et al. Comparison of
methotrexate with placebo in the treatment of systemic sclerosis: a 24
week randomized double-blind trial, followed by a 24 week observa-
tional trial. Br J Rheumatol 1996;35:364–72.

[27] Pope JE, Bellamy N, Seibold JR, et al. A randomized, controlled trial of
methotrexate versus placebo in early diffuse scleroderma. Arthritis
Rheum 2001;44:1351–8.

[28] Lateef O, ShakoorN, Balk RA.Methotrexate pulmonary toxicity. Expert
Opin Drug Saf 2005;4:723–30.

[29] Dotan E, Aggarwal C, Smith MR. Impact of rituximab (Rituxan) on the
treatment of B-cell non-Hodgkin’s lymphoma. P T 2010;35:148–57.
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