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Abstract
Rheumatoid arthritis (RA) is the most common chronic 
autoimmune inflammatory joint disease. RA-associated 
interstitial lung disease (RA-ILD) is a major extra-

articular complication and causes symptoms that lead 
to a deterioration in the quality of life, high utilization 
of health resources, and an increased risk of earlier 
mortality. Early in the course of RA-ILD, symptoms 
are highly variable, making the diagnosis difficult. 
Therefore, a rational diagnostic strategy that combines 
an adequate clinical assessment with the appropriate 
use of clinical tests, including pulmonary function tests 
and high-resolution computed tomography, should be 
used. In special cases, lung biopsy or bronchioalveolar 
lavage should be performed to achieve an early diag-
nosis. Several distinct histopathological subtypes of 
RA-ILD are currently recognized. These subtypes 
also have different clinical presentations, which vary 
in therapeutic response and prognosis. This article 
reviews current evidence about the epidemiology of 
RA-ILD and discusses the varying prevalence rates 
observed in different studies. Additionally, aspects of 
RA-ILD pathogenesis, including the role of cytokines 
and other molecules such as autoantibodies, as well 
as the evidence linking several drugs used to treat RA 
with lung damage will be discussed. Some aspects of 
the clinical characteristics of RA-ILD are noted, and 
diagnostic strategies are reviewed. Finally, this article 
analyzes current treatments for RA-ILD, including 
immunosuppressive therapies and biologic agents, as 
well as other therapeutic modalities. The prognosis of 
this severe complication of RA is discussed. Additionally, 
this paper examines updated evidence from studies 
identifying an association between drugs used for the 
treatment of RA and the development of ILD.

Key words: Rheumatoid arthritis; Interstitial lung 
disease; Pathogenesis; Diagnosis; Therapeutic

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This review analyzes current evidence regar-
ding the epidemiology, pathogenesis, diagnosis and 
treatment of interstitial lung disease associated with 
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rheumatoid arthritis (RA-ILD). Data regarding differences 
in the prevalence of RA-ILD in different populations 
are presented. Updates regarding the pathogenesis 
of RA-ILD, including genetics, environmental factors, 
cytokines and autoantibodies, are presented. The paper 
also reviews the different tests used to diagnose RA-
ILD, describes RA-ILD treatment, and discusses studies 
that were designed to identify a therapeutic response to 
immunosuppressive drugs or biological agents.

Olivas-Flores EM, Bonilla-Lara D, Gamez-Nava JI, Rocha-
Muñoz AD, Gonzalez-Lopez L. Interstitial lung disease in rheu-
matoid arthritis: Current concepts in pathogenesis, diagnosis 
and therapeutics. World J Rheumatol 2015; 5(1): 1-22  Available 
from: URL: http://www.wjgnet.com/2220-3214/full/v5/i1/1.htm  
DOI: http://dx.doi.org/10.5499/wjr.v5.i1.1

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic systemic infla
mmatory disease that involves synovial joints and 
extraarticular organs. Worldwide, the prevalence of 
RA has small variations. In Mexico, PeláezBallestas 
et al[1] reported a prevalence of RA of 1.6% (95%CI: 
1.41.8). Extraarticular manifestations in RA (ExRA) 
are a frequent complication, affecting approximately 
40% of patients with RA[2]. Pulmonary involvement is 
an important ExRA manifestation, as it is associated 
with a decrease in survival rates[3]. Pulmonary 
involvement can present in a number of ways, such 
as pleural disease, pulmonary nodules, Caplan’s 
syndrome, bronchiectasis, bronchiolitis, and airway or 
interstitial disease[4]. Of these presentations, interstitial 
lung disease (ILD) is the most relevant pulmonary 
complication in terms of morbidity, impairment in 
quality of life (QoL), and mortality. ILD heterogeneously 
affects the lung parenchyma; its clinical spectrum 
ranges from an incidental subclinical finding of diffuse 
inflammation to a rapidly progressive, lifethreatening, 
endstage pulmonary fibrosis (PF). Therefore, ILD is a 
complex extraarticular complication that is classified 
according to specific clinical, serological, radiological, 
and histopathological features[5].

EPIDEMIOLOGY
The prevalence of ILD in RA varies widely and is 
affected by factors such as country, race, clinical 
setting, study design, and intensity of assessment. In 
their study, Bongartz et al[6] reported a lifetime risk 
for the development of ILD of 7.7%. Detection of RA
associated ILD (RAILD) in the disease’s early stages 
can be difficult and requires a high level of diagnostic 
suspicion, as well as a systematic strategy for patient 
evaluation. One diagnostic problem is that in its early 
stages, RAILD can be asymptomatic or have non
specific symptoms, rendering suspicion of this entity 

unlikely. Therefore, in these patients, a high level of 
diagnostic suspicion and a systematic assessment for 
this complication are mandatory, especially in patients 
with risk factors for RAILD. Some authors have 
reported that plain Xrays identified RAILD in < 5%[7] 
of patients, whereas our group reported a prevalence 
at routine rheumatology consultation of only 2.7%[8]. 
This prevalence has increased by 20%30% with 
systematic evaluation using highresolution computed 
tomography (HRCT)[9]. On the other hand, when 
a combination of tests is employed, an increase is 
observed in the frequency of RAILD diagnosis. Chen 
et al[10] described a 61% increase in the diagnosis 
of ILD using a combination of HRCT and pulmonary 
function tests (PFT). Table 1 illustrates the variability in 
the prevalence of RAILD, according to recent studies.

Although ILD prevalence has been evaluated in a 
series of studies, only a few studies have identified 
the incidence of ILD in patients with RA. Cumulative 
incidence rates for ILD in RA have been observed to be 
3.5% over 10 years of followup, increasing to 6.3% at 
20 years and to 7.7% at 30 years. After adjusting for 
the risk of death, the lifetime risk of developing RAILD 
is approximately 10%. In a populationbased study, 
the risk of developing ILD among patients with RA is 
significantly higher than in patients without RA (HR = 
8.96); an elevated risk of ILD in RA patients remained 
after adjusting for age, gender, and smoking[6]. Koduri 
et al[11], in a cohort study, reported that the annual 
incidence rate for the development of RAILD was 
4.1/1000 personyears (95%CI: 3.05.4), with a 
cumulative ILD incidence at 15 years of 62.9/1000 
individuals (95%CI: 43.091.7).

PATHOGENESIS
RAILD is considered a multifactorial complication, 
attributable to a number of factors. Several hypotheses 
have been formulated to explain its development. To 
date, the factors most consistently involved in the 
development of RAILD are shown in Table 2 and those 
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  Ref. Number of 
patients

Study type ILD (%)

  Perez-Dorame et al[111]   34 Cross-sectional 34
  Giles et al[154] 177 Cross-sectional 33
  Yin et al[29]   71 Retrospective    24.9
  Chen et al[10] 103 Cross-sectional 61
  Solomon et al[155]   48 Retrospective 31
  Richman et al[156] 274 Cross-sectional     3.6
  Zou et al[157] 110 Cross-sectional   42.7
  Mohd et al[158]   63 Cross-sectional 44
  Al-Ghamdi et al[159]   74 Retrospective 10
  Teh et al[160] 154 Cross-sectional      6.5
  Bharadwaj et al[161] 140 Cross-sectional        9.29
  Zrour et al[162]   75 Cross-sectional    49.3

Table 1  Prevalence of rheumatoid arthritis-interstitial lung 
disease

ILD: Interstitial lung disease. 



can be classified as follows: (1) environmental; (2) 
genetic; (3) autoimmune (cytokines, autoantibodies); 
and (4) drugrelated[12]. 

Environmental factors
Epidemiological factors associated with ILD in RA include 
aging, smoking, and RA duration. Mori et al[12], in a 
prospective cohort study, observed a 4.58fold increase 
in the risk for development of ILD in patients aged 
≥ 65 years (P = 0.003); additionally, the risk of ILD 
was higher in males than in females (50% vs 23.2%, 
respectively; OR = 3.31, P = 0.004). A relationship 
between smoking and an increase in the prevalence 
of ILD has been identified in several studies. Miyake et 
al[13] observed, in a casecontrol study, that smoking 
increases the risk for ILD 2.21fold. Saag et al[14] found 
a relationship between smoking and ILD, reporting 
an approximately 3.8fold increase in the risk for ILD 
among patients with a smoking history of ≥ 25 pack
years. Baumgartner et al[15] reported, in a casecontrol 
study, that patients with a history of ever smoking or 
former smoking have 1.6 and 1.9fold increases in the 
risk of ILD, respectively. Occupational exposure, such 
as silica inhalation, contributes to the development of 
chronic lung inflammationrelated ILD[16]. 

Genetic factors
Coultas et al[17] reported that the prevalence of ILD is 
approximately 20% higher in males than in females. 
Aubart et al[18] observed that male gender increases 
the risk for ILD in RA by 3.29fold (P = 0.0013).

Several alleles are associated with an increased 
susceptibility for RAILD; susceptibility to RAILD can 
be triggered by environmental factors, leading to the 
development of ILD. Mori et al[12], in a prospective 
cohort study, observed that patients with RA who were 
carriers of the HLADRB1*1501 and *1502 alleles had 
an increased risk for ILD. Michalski et al[19] observed 
that α1antitrypsinvariant phenotypes, particularly 
nonM1M1 α1antitrypsin, are significantly associated 

with PF in patients with RA. 
Charles et al[20] found an association between 

antigen HLAB40 and pulmonary involvement of 
RA. The authors observed an enhanced risk of 
approximately 40.54fold in pulmonary involvement, 
compared with other ExRA manifestations. Sugiyama et 
al[21] reported an increase in the frequency of HLAB54 
(63.2%) and HLADR4 (60%) polymorphisms in 
patients with ILDRA compared with controls (11.4% 
and 37.9%, respectively).

Cytokines and autoantibodies related to ILD 
in RA: Several cytokines have been linked to ILD. 
Chaudhary et al[22] observed, in an experimental model 
of PF, the profibrotic effects of plateletderived growth 
factor (PDGF), vascular endothelial growth factor 
(VEGF), and transforming growth factorbeta (TGF)β. 
The authors observed that targeting these molecules 
leads to an attenuation of lung fibrosis, suggesting 
that these cytokines may constitute a possible target 
for novel therapeutic approaches. Gochuico et al[23] 
quantified concentrations of TGFβ1, TGFβ2, PDGFAA, 
PDGFAB, PDGFBB, and interferon gamma (IFN)γ 
in fluids obtained by bronchoalveolar lavage (BAL) 
from 3 different group of patients: (1) RA without lung 
involvement; (2) RA with pulmonary fibrosis (RAPF); 
and (3) RA with preclinical ILD (RA preclinicalILD). 
They observed significantly higher concentrations 
of PDGFAB and PDGFBB in patients with RAILD 
compared with RA patients without PF, suggesting a 
profibrotic effect of the alveolar microenvironment 
in RA preclinicalILD. Interestingly, when the RAILD 
group was subcategorized into RA with progressive 
preclinical ILD and RA with stable preclinical ILD, the 
authors observed significantly higher concentrations of 
TGFβ1 and IFNγ in patients with RA with progressive 
preclinical ILD vs patients with RA with stable lung 
disease (P = 0.038 and P = 0.044, respectively). TGFβ 
is one of the strongest profibrotic cytokines; it triggers 
lung fibrosis, interacting with connective tissue growth 
factor (CTGF) to increase the fibrotic process. Ponticos 
et al[24] demonstrated, in an experimental model, 
that CTGF exerts a direct profibrotic effect on the 
development of PF through transcriptional activation of 
collagen gene type 1 α2 (Col1α2). Proinflammatory 
cells, such as macrophages and mononuclear cells, 
also contribute to the activation of fibrosis by means of 
interleukin (IL)4 and IL13, inducing TGFβ production. 
Jakubzick et al[25] observed, in an experimental model 
of PF, that IL4 and IL13 expression was increased 
in macrophages and mononuclear cells in regions 
of active fibrosis. Monocyte chemotactic protein 
(MCP)1 is also a profibrotic cytokine that exerts its 
action through chemokine receptor type 2 (CCR2). 
Moore et al[26] observed increased levels of MCP1 in 
the CCR2/ model compared with the wildtype (P 
= 0.004) after induction of PF in the wildtype and 
the CCR2/ experimental models. Furthermore, the 
authors reported that a lack of CCR2 is a protective 
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Factors

  Environmental Cigarette smoking
Occupational exposure (silica)

  Demographic Male sex
Age (≥ 65 yr)

  Genetic HLA-DRB1 alleles
  Clinical RA duration

Anti-CCP (high titers)
RF (high titers)

  Medications Methotrexate 
Leflunomide 
Sulfasalazine 

TNF-α inhibitors

Table 2  Risk factors for interstitial lung disease in rheumatoid 
arthritis

RF: Rheumatoid factor; HLA-DRB1: Human leukocyte antigen-DRB-1; 
Anti-CCP: Anti-cyclic citrullinated peptide; Anti-TNF: Anti-tumor necro-
sis factor; RA: Rheumatoid arthritis.
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association between MTX and the development of 
RAILD. Conway et al. reported, in a metaanalysis 
of randomized controlled trials from 19902013 that 
included 22 studies, that MTX treatment is a risk factor 
for the development of pneumonitis (RR = 7.81; 
95%CI: 1.7634.72)[33]. Bongartz et al[6] also reported 
that treatment with MTX confers a 2.3fold risk for ILD 
development. However, Sathi et al[34] reported, in a 
prospective study of 223 patients, that the incidence 
of MTXinduced pneumonitis after 2 years of follow
up was only ~1%, suggesting that pneumonitis is 
an uncommon complication. Assessing the actual 
incidence of MTXinduced ILD is difficult because ILD 
can be observed in patients with RA independently of 
MTX treatment; furthermore, MTX is frequently used 
with other drugs that can also be associated with ILD. 
Therefore, the most useful data regarding MTXinduced 
ILD come from studies that evaluated this drug as 
monotherapy. In a systematic review, Salliot et al[35] 
examined the longterm safety of MTX as monotherapy 
in 21 prospective studies and reported that only 15 
of 3463 patients developed pneumonitis, yielding a 
frequency of 0.43%. Criteria have been proposed for 
the diagnosis of MTXinduced pneumonitis. In 1987, 
Searles et al[36] proposed the following 9 criteria for the 
diagnosis of MTXinduced pneumonitis, which include: 
(1) acute onset of dyspnea; (2) fever > 38 ℃; (3) 
tachypnea; (4) radiological evidence of pulmonary 
interstitial or alveolar infiltrates; (5) white blood cell 
count < 15000/cu mm, with or without eosinophilia; 
(6) negative blood and sputum cultures (mandatory); 
(7) the finding of a restrictive pattern and decreased 
diffusing capacity of the lung for carbon monoxide 
(DLCO) on PFT; (8) PO2 < 60 mmHg on room air; 
and (9) histopathology consistent with bronchiolitis 
or interstitial pneumonitis with giant cells and without 
evidence of infection. MTXinduced pneumonitis 
is considered definite if ≥ 6 criteria are present, 
probable if 5 of 9 criteria are present, and possible 
if 4 of 9 criteria are present. Subsequently, new 
guidelines have been developed that include 3 major 
criteria, which are: (1) hypersensitivity pneumonitis 
by histopathology without evidence of a pathogenic 
organism; (2) radiologic evidence of pulmonary 
interstitial or alveolar infiltrates; and (3) negative 
blood and initial sputum cultures. The guidelines also 
include 5 minor criteria, which are (1) shortness of 
breath for less than 8 wk; (2) nonproductive cough; 
(3) oxygen saturation ≤ 90% on room air at the 
initial evaluation; (4) DLCO ≤ 70% of predicted for 
age; and (5) leukocyte count ≤ 15000 cells/cu mm3. 
The diagnosis is considered certain when a patient 
meets the first major criterion and at least 3 of the 
minor criteria, or when a patient meets major criteria 
2 and 3 as well as 3 minor criteria. In this system, 
the diagnosis is considered probable when a patient 
meets only the major criteria 2 and 3 and 2 of the 
minor criteria[37]. Sidhu et al[4] reported that chest Xray 
findings included diffuse, bilateral, basal interstitial, or 

factor against PF. Wilson et al[27] described enhanced 
levels of IL17 and IL1β in the BALF of patients with 
PF, suggesting that these cytokines play a profibrotic 
role in the lung fibrosis pathway. On the other hand, 
IL10, a wellrecognized antiinflammatory cytokine 
with immunosuppressive effects, has also been related 
to the induction of PF. Sun et al[28] observed, in an 
experimental model, that overexpression of IL10 in 
lung tissue promoted collagen production and induced 
recruitment of fibrocytes into the lung, leading to the 
development of PF in mice. 

Antibodies to cyclic citrullinated peptides (anti
CCP) and rheumatoid factor (RF) have also been 
associated with ILD. Yin et al[29], in a retrospective 
study, observed that serum levels of antiCCP2 and 
RF were significantly enhanced in RAILD patients 
compared with RA patients (P < 0.001 and P = 0.02, 
respectively). Kelly et al[30] identified positive titers for 
antiCCP and RF in 94% and 89%, respectively, of RA
ILD patients compared with RA patients (55%, P = 
0.006; 58%, P = 0.01). Furthermore, they reported 
that antiCCP and RF act as predictors of ILD in patients 
with RA (P < 0.003 and P < 0.008, respectively). 
Citrullinated proteins are not only restricted to synovial 
tissue; they have also been detected at extraarticular 
sites in patients with RA. Bongartz et al[31] observed 
that citrullination occurs inside mononuclear cells 
in lung tissue in openlung biopsy specimens from 
patients with RAassociated interstitial pneumonia. The 
authors also reported that despite the high specificity 
of antiCCP for RA, citrullination was also found in 
lung tissue from patients with idiopathic interstitial 
pneumonia. It remains unclear whether distinct 
citrullinated RAspecific proteins play a key role in the 
pathophysiological process in RAILD.

Pharmacological agents as risk factors for RA-
ILD: Presently, there is controversy regarding the 
actual effects of some medications on the development 
of ILD in patients with RA. Druginduced ILD can 
develop within days of treatment initiation or many 
years after treatment. The major drugs that have 
been strongly associated with the induction of ILD are 
methotrexate (MTX), leflunomide (LFN), sulfasalazine 
(SFZ), and tumor necrosis factorα (TNFα) inhibitors, 
such as etanercept, infliximab, and adalimumab. 
However, other drugs, including dpenicillamine 
and gold compounds, are also associated with lung 
damage. There have been recent case reports of the 
induction or exacerbation of ILD by the newer antiTNF 
agents, as well as other biologic agents that act by 
different mechanisms. This part of the review attempts 
to highlight the evidence linking these drugs to lung 
damage, primarily ILD.

Methotrexate and ILD
MTX is considered by the European League Against 
Rheumatism to be part of the firstline treatment 
of RA[32], and several studies have reported an 
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alveolar infiltrates. The authors also observed that the 
most frequent radiographic pattern shown on HRCT 
of RAILD is the nonspecific interstitial pneumonia 
(NSIP) pattern. MTXassociated pneumonitis is 
described as a typeⅣ delayedhypersensitivity 
pneumonitis dominated by lymphocytic proliferation 
and alveolitis[38]; it is associated with a specific cellular 
immune response involving the release of cytokines[39]. 
Chikura et al[40], in a retrospective study, observed that 
the following two forms of lLD have been attributed 
to MTX. Type 1 MTXrelated ILD appears shortly after 
treatment initiation (< 6 mo) and is characterized by 
neutrophil infiltration, lung fibrosis, lower time of MTX 
to lowdose exposure, and a high mortality rate. Type 
2 MTXrelated ILD occurs later in MTX treatment (> 
6 mo) and is associated with lymphocytedominated 
infiltrates, low levels of lung fibrosis, a higher MTX 
dose exposure, and a low mortality rate. Type II 
pneumocyte hyperplasia and fibroblast proliferation 
have been reported as being suggestive of, but not 
pathognomonic for, MTXinduced lung toxicity[37]. A 
combination of a recent history of MTX initiation, clinical 
characteristics such as dyspnea, cough and fever, plus 
the findings of patchy groundglass opacities on HRCT, 
increased lymphocytes and eosinophils in the BAL, and (if 
available) a lung biopsy showing interstitial pneumonitis 
with nonnecrotizing granulomas and eosinophils, 
supports the diagnosis of MTXinduced ILD. To date, 
the optimal costeffective strategy for detecting ILD 
changes in patients who are beginning MTX treatment 
has not been identified. Khadadah et al[41] have 
suggested that periodic monitoring with PFT in patients 
with RA starting MTX therapy could be a rational 
strategy. Nevertheless, the findings of other authors 
do not support these recommendations. For example, 
Dawson et al[42] did not observe differences in PFT 
or HRCT findings between patients with RA who had 
been treated with MTX versus other drugs, concluding 
that serial PFT in patients receiving MTX has no 
significant advantages. Therefore, there is presently 
no conclusive information about whether to perform 
PFT or HRCT in patients who are receiving MTX and do 
not have clinical symptoms or signs suggesting lung 
toxicity. However, the use of MTX in patients with pre
existing RAILD constitutes a significant risk factor for 
the development of pulmonary toxicity. Therefore, we 
recommend avoiding, if possible, the use of this drug 
in patients with a previous diagnosis of ILD. Other 
factors related to MTXinduced lung toxicity include 
elderly age, diabetes mellitus, and hypoalbuminemia, 
among others[43]. Once MTXinduced ILD is suspected, 
the treatment must include the immediate suspension 
of MTX and corticosteroid treatment, with the cortico
steroid dosage depending on the severity of the lung 
involvement and other relevant clinical characteristics. 
In severe cases, supplementary oxygen, antibiotics 
or assisted ventilation should be considered. Once 
the patient is stabilized, MTX must be avoided, and 
alternative agents that do not increase the risk of 

developing subsequent episodes of ILD should be 
considered. Among these options are the antimalarials. 
The prognosis of MTXinduced lung toxicity is usually 
good for the majority of patients, although a mortality 
rate of 13% has been reported in a review of MTX
induced pneumonitis in patients with a variety of 
different diseases (approximately 50% of whom had 
RA)[44].

LFN and lung damage
Establishing a clear association between LFN treatment 
and the development of ILD has been difficult, as LFN 
is frequently used after MTX failure; it can therefore 
be difficult to distinguish whether the development 
of ILD was secondary to LFN, MTX, or both drugs. 
Sawada et al[45] analyzed the results of a cohort of 5054 
Japanese RA patients and observed the development 
of ILD in 1.2% of patients. Suissa et al[46] reported that 
LFN may enhance the risk of ILD by 1.9fold. Chikura 
et al[47] described, in a systematic review, that LFN
induced interstitial pneumonia occurs within the first 
20 wk of LFN treatment initiation. Additionally, the 
authors reported a 19% mortality rate in patients with 
LFNassociated ILD. The factors associated with LFN
induced ILD were also analyzed by Sawada et al[45] and 
included the use of LFN in patients with preexisting 
ILD (OR = 8.17, 95%CI: 4.6314.41, P < 0.001), 
the use of an LFN loading dose (OR = 3.97, 95%CI: 
1.2212.92, P = 0.02), cigarette smoking (OR = 
3.12, 95%CI: 1.735.597, P = 0.001) and low body 
weight < 40 kg (OR = 2.91, 95%CI: 1.157.37, P = 
0.02). Sato et al[48], in a retrospective study of patients 
with LFNinduced pulmonary injury, observed that 
an oxygen saturation level of < 90% is a marker for 
greater mortality in RAILD patients. The authors also 
found that serum Creactive protein level were higher 
(P = 0.03) and that the albumin level decreased (P 
= 0.03) at the outset of lung injury in patients with 
fatal outcomes in comparison with patients who 
recovered. It is relevant to highlight that the main 
histopathological finding reported in this study in the 
two autopsied patients was diffuse alveolar damage 
(DAD), in contrast to the alveolitis with lymphocyte 
infiltration observed in patients who recovered. The 
mechanism of the development of ILD in patients 
exposed to LFN could be related to the effects of 
the active metabolite A771726, which induces the 
transition of lung epithelial cells to myofibroblasts[49]. 
In addition to other established therapeutic strategies 
for ILD, such as corticosteroids and (if required) 
mechanical ventilation, some authors recommend 
the immediate suspension of LFN and the addition of 
cholestyramine as washout therapy, constituting a 
rational intervention for these patients[50].

Sulfasalazine and lung damage
Numerous case reports have been published asso
ciating sulfasalazine (SSZ) with lung toxicity; a review 
of 50 cases[51] reported that most cases occurred 
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in patients with ulcerative colitis, although some 
cases were reported in RA patients. These authors 
noted that the clinical characteristics of SSZinduced 
lung toxicity include dyspnea of recent onset that is 
associated with lung infiltrates and, in more than half 
of cases, with peripheral eosinophilia and a variable 
spectrum of pathological findings; the most common 
pathologic findings were eosinophilic pneumonia and 
interstitial inflammation in some patients with lung 
fibrosis. To date, it is not conclusively known which 
drug component is primarily responsible for lung 
toxicity, although it is believed that the major culprit 
is sulfapyridine. Once SSZ lung toxicity is suspected, 
the drug should be withdrawn immediately. Stopping 
the drug is followed by the rapid improvement of 
symptoms and signs of lung toxicity in most cases, 
although some patients with SSZinduced lung toxicity 
may die, mainly if the drug is not withdrawn. Although 
a number of patients with SSZinduced lung toxicity 
have been managed with corticosteroids, evidence 
for the benefit of corticosteroids in this setting is not 
definitive, and further studies are required.   

Azathioprine and lung damage
Lung toxicity associated with azathioprine (AZA) 
has been observed primarily in patients with kidney 
transplants and may result from both allergic and dose
dependent toxicities. To date, there is only limited, 
case reportbased information suggesting that AZA 
may induce lung toxicity in patients with previous ILD. 
Ishida et al[52] reported the case of a male patient who 
developed interstitial pneumonia, was subsequently 
treated with AZA, and suffered worsening symptoms. 
The patient developed lung infiltrate and groundglass 
opacities on lung HRCT after only 6 d of treatment with 
AZA. These pulmonary infiltrates resolved after the 
suspension of AZA treatment. As a small proportion of 
patients may die, physicians should be aware of this 
complication in patients who have initiated treatment 
with AZA and have a recent onset of cough, fever and 
dyspnea.

Other synthetic disease-modifying antirheumatic drugs 
and lung damage
Currently, gold salts and dpenicillamine are infrequently 
used to treat RA. Goldinduced lung damage is a 
challenging diagnosis in RA. Tomioka et al[53] performed 
a review of published information regarding the clinical 
features and prognosis of goldinduced pulmonary 
disease in RA, identifying 140 cases of patients treated 
with gold, 81% of whom had RA. These authors 
reported that patients with goldinduced pulmonary 
damage frequently have other side effects associated 
with toxicity to gold salts, such as skin rash (38%), 
peripheral eosinophilia (38%), proteinuria (22%) 
and liver dysfunction (15%). In this review, factors 
frequently associated with goldinduced pulmonary 
disease included female sex, fever, skin rash, absence 
of rheumatoid nodules, low titers of rheumatoid factor, 

lymphocytosis in BAL, and alveolar opacities along 
the bronchovascular bundles visualized on chest 
computed tomography. Patients generally improve after 
withdrawal of the gold salts and may require treatment 
with corticosteroids. Currently, dpenicillamine is 
rarely used. Chakravarty et al[54] reported that after 
2 years of followup, 21% of their patients treated 
with dpenicillamine developed a restrictive pattern on 
PFT. Nevertheless, the incidence of severe pulmonary 
adverse reactions to dpenicillamine is relatively rare. 
Grove et al[55] evaluated common adverse reactions 
to synthetic diseasemodifying antirheumatic drugs 
(DMARDs) in 2170 patients with RA, who were 
followed for a total of 9378 treatmentyears. Of these, 
582 patients were exposed to dpenicillamine during 
a total of 1889 monitored treatment years. Although 
this was an important series of patients treated with 
dpenicillamine, the authors were able to find only one 
patient who stopped dpenicillamine due to a severe 
pulmonary reaction.

Regarding synthetic DMARDinduced ILD, it is 
important to take into account the following points: (1) 
the ageadjusted incidence of MTXinduced pneumonitis 
is approximately 3.78 cases per 1000 patients treated 
with MTX[56]; (2) factors associated with MTXinduced 
ILD include: male gender, impairment in functioning, 
and elevated ESR[56]; (3) the initiation of MTX treatment, 
along with clinical manifestations including dyspnea, 
cough, fever, and patchy groundglass opacities on 
HRCT may suggest the diagnosis of MTXinduced ILD; 
(4) if MTXinduced ILD is suspected, the drug must be 
immediately discontinued; (5) the use of LFN increases 
the risk of ILD, which usually occurs within the first 
20 wk after beginning this therapy[46,47]; (6) a relevant 
marker for mortality in LFNinduced ILD patients is a < 
90% oxygen saturation level[48]; (7) patients with LFN
induced ILD must immediately stop treatment with LFN, 
begin corticosteroids, undergo mechanical ventilation 
if required, and receive cholestyramine washout 
treatment[50];  and (8) similar guidelines can be used to 
manage ILD induced by other synthetic DMARDs. 

Biologic agents and lung damage
TNFα inhibitors are commonly used for the treatment 
of RA and offer a good alternative in patients who have 
failed treatment with MTX or other synthetic DMARDs 
with high response rates. There are two major 
concerns with the use of antiTNF agents and RAILD: 
(1) the possible association between the use of anti
TNF agents and the new onset of clinically significant 
ILD; and (2) the possibility of exacerbating preexisting 
ILD when an antiTNF agent is used for controlling 
disease activity in RA (despite reports that treatment 
with antiTNF agents may stabilize or improve ILD in 
some patients). The paradoxical effects of antiTNF 
agents in ILD are interesting, and further studies are 
required to identify why some patients improve while 
others develop worsening disease. We will briefly 
review some of the evidence regarding ILD related to 
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the use of antiTNF agents in RA. 
Presently, there is increasing evidence suggesting 

that the use of TNFα inhibitors is associated with 
the development of ILD. RamosCasals et al[57], in 
a case series of 233 patients treated with antiTNF 
agents (71% of whom had RA), observed that 10% 
of patients developed ILD after initiation of antiTNF 
therapy; the mean time for developing ILD after 
receiving antiTNF drugs was 42 wk, and mortality was 
reported in 32% of patients with ILD.

There are a significant number of studies reporting 
the development of new cases of ILD or the worsening 
of preexisting ILD following the use of antiTNF 
agents, including infliximab[5860], etanercept[6164], and 
adalimumab[6568], as well as the newer antiTNF agents 
such as golimumab[69] and certolizumab pegol[7072]. 

The development of ILD with etanercept treatment 
has been described in approximately 0.6% of 
patients (77 cases from 13894 patients treated with 
etanercept)[73]. For infliximab, one study[74] reported an 
incidence of 0.5% for ILD (25 cases of ILD from 5000 
patients treated). In another study, the incidence of 
ILD in patients receiving tocilizumab was 0.48%[75]. 
However, for abatacept the incidence in one study has 
been reported to range from 0.1% (shortterm) to 
0.3% (longterm)[76].

PerezAlvarez et al[77] analyzed 122 cases of new 
onset or exacerbated ILD secondary to biologic agents. 
Of these, 58 cases were observed in patients receiving 
etanercept and 56 cases in those treated with 
infliximab. The majority of these patients had RA. ILD 
developed at a mean of 26 wk after initiation of the 
biologic agent. Fiftytwo patients had detailed follow
up; 29% died, 70% of these during the first weeks 
after the initiation of biologic agents.

Several mechanisms may explain the development 
of ILD associated with antiTNF agents. It is unclear 
whether TNF blockers can potentiate the pulmonary 
toxicity of MTX[78]. However, some of these agents, 
such as infliximab, bind to TNF that is expressed on the 
surface of macrophages and CD4+ and T cells, resulting 
in cell lysis[79]. It is thus conceivable that the local 
release of macrophagederived proteolytic enzymes 
may contribute to MTX toxicity. Other potential 
mechanisms for the development or progression of 
ILD and lung fibrosis in some patients receiving anti
TNF agents may involve the downregulation of TNFα 
(due to TNF blockade), which causes the upregulation 
of antiinflammatory cytokines including transforming 
growth factor β, leading to a profibrotic state[80].

In the study by PerezAlvarez[77], patients with 
antecedents of ILD before being treated with biologic 
agents had a high mortality rate, which was associated 
with worsening ILD after the initiation of biologic 
therapy. Other factors associated with mortality 
were age > 65 years, later onset of ILD, and use of 
immunosuppressive drugs.   

RamosCasals et al[81] analyzed 379 cases of 
autoimmune diseases secondary to antiTNF agents. 

Using data obtained from the BIOGEAS project (www.
biogeas.org), a study with the aim of collecting data on 
the use of biological agents in patients with systemic 
autoimmune diseases, RamosCasals reported cases 
of ILD induced by biological agents. These authors 
described 34 patients who developed ILD after the 
initiation of antiTNF agents, 30 of whom had RA. The 
most commonly used antiTNF agents were infliximab 
in 20 cases (59%), etanercept in 11 cases (32%) and 
adalimumab in 3 cases (9%). Interestingly, although 
the majority of the patients had received MTX, 11/31 
patients (35%) of these patients had no history of 
MTX use. The use of antiTNF agents, particularly in 
the lung, has poor efficacy in controlling collagenosis
associated ILD and can lead to other complications, 
such as reactivation of mycobacterial and fungal 
infections, as well as to sarcoidosis and other ILD[81].

Most recently, the rate of mortality has been 
evaluated in patients with RA who had ILD before 
beginning treatment with antiTNF agents. The 
British Society for Rheumatology Biologics Register[82] 
followed 299 patients with preexisting RAILD who 
were treated with antiTNF agents, as well as 68 
patients who were treated with synthetic DMARDs. 
In this cohort, 70/299 patients with preexisting ILD 
who were treated with antiTNF agents died, with RA
ILD being the underlying cause of death in 15/70 
(21%) patients. However, 14/68 patients treated with 
synthetic DMARDs died; in only one patient (7%) 
was the cause of death related to ILD. Although the 
proportion of deaths attributable to RAILD in this 
study was higher in patients receiving antiTNF agents, 
the authors recognized the possibility of reporting bias 
that may have influenced the validity of their results.

Other biologic agents associated with ILD
To date, there has been one case report of a patient 
with RA who was treated with abatacept and developed 
worsening ILD[83]. Weinblatt et al[76] analyzed the data 
from 8 clinical trials of abatacept in RA and observed 
a rate of 0.1% (2 cases of 3173 patients analyzed) for 
the development of ILD in the shortterm period (≤ 
12 mo). This rate increased to 0.3% (11 cases of 4149 
abatacepttreated patients) in the pooled longterm 
period. 

Some isolated cases of new ILD or exacerbations 
of preexisting ILD have been associated with the use 
of tocilizumab (TCZ). Kawashiri et al[84] described an 
exacerbation of preexisting ILD in a 68yearman with 
RA after 10 mo of treatment with TCZ. This patient 
died despite treatment with pulseddose steroids and 
antibiotics. The main pharmacological agents related 
to ILD in RA patients are summarized in Table 3.

Some points to remember in ILDassociated 
biologic agents include the following: (1) the incidence 
of newonset ILD with antiTNF agents is low, and 
in some studies probably does not differ from the 
incidence observed with MTX[85]; (2) although a higher 
incidence of newonset ILD is expected in RA patients 
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treated with antiTNF agents (compared with other 
CTD that are also treated with antiTNF therapy), this 
rate is approximately 7 times higher in RA compared 
with other diseases such as ankylosing spondylitis or 
psoriatic arthritis; (3) most reported cases of new
onset or worsening ILD with antiTNF therapies are 
secondary to etanercept or infliximab[77]; (4) always 
suspect a worsening of ILD in patients with previous 
ILD who develop cough, dyspnea and fever; (5) most 
reported cases of newonset ILD or worsening of a 
previous ILD appear in the first year after initiation of 
biologics; in one report, the mean was 26 wk[77]; (6) in 
patients with baseline (before treatment initiation) ILD, 
the mortality attributable to ILD in patients treated 
with antiTNF agents is higher than those treated with 
synthetic DMARDs[82]; (7) characteristics supporting an 
association between ILD and treatment with biologics 
include recent initiation of therapy with a biologic 
agent, usually in elderly patients; most such patients 
show clinical improvement after the suspension of 
biologic agents and the addition of steroids; and (8) 
Treatment for patients with a suspicion for ILD induced 
or worsened by synthetic or biologic DMARDs should 
include the following elements: if there is a suspicion of 
druginduced pulmonary damage, the agent must be 
rapidly discontinued; the use of other drugs that may 
potentially be implicated in lung damage should be 
avoided; smokers should stop smoking; patients may 
receive supportive therapy, such as supplementary 
oxygen, treatment of concurrent respiratory infection 
with antibiotics or mechanical ventilation, as indic
ated; and corticosteroids are the most commonly 
used drug for the management of druginduced 
pulmonary damage and can be administered orally or 
intravenously at variable dosages. (In severe cases, 
prednisone should be administered at a dosage of 1 
mg/kg. Other corticosteroids can be given at equivalent 
dosages, and, if required, a steroid pulse can be 

used, particularly intravenous methylprednisolone at 
dosages of 1 g/d over 3 to 5 d). In patients with acute 
episodes, a clinical and symptomatic response can 
be observed around 2448 h after withdrawal of the 
offending drugs. However, in cases of chronic damage, 
this response can be delayed.

One study[77] described response rates in 52 cases 
of biologicassociated ILD: complete resolution was 
achieved in 40%, improvement or partial resolution 
in 25%, and no resolution in 35%. In this study, 29% 
of patients died during followup, with 70% of deaths 
occurring during the first 5 wk after the development 
or worsening of a previous biologicassociated ILD. 

Importance of hepatitis C virus and lung damage 
in RA: Maillefert et al[86] observed that the prevalence 
of hepatitis C virus (HCV) in patients with RA was 
approximately 0.65% (taking into account both 
history of HCV or active infection) and did not differ 
from the prevalence of HCV infection in the general 
population. Nevertheless, HCV infection is relevant 
because patients with concurrent HCV and RA may 
have an increased prevalence of lung damage. 
Aliannejad et al[87] in a review, observed a discrepancy 
between studies evaluating the frequency of HCV in 
idiopathic pulmonary fibrosis (IPF) patients, which 
might be attributed to geographical differences for 
the prevalence of HCV infection or selection bias 
in choosing the control group. HCV infection is 
associated with increased counts of lymphocytes and 
neutrophils in BAL fluid. These studies have shown 
that HCV infection is associated with nonspecific 
pulmonary inflammatory reactions that lead in some 
patients to pulmonary fibrosis. The treatment of 
HCV infection, especially with interferon therapy, 
has also been implicated in the development of lung 
damage in HCV patients. Complications associated 
with INF therapy include interstitial pneumonia and 
pulmonary sarcoidosis. Ueda et al[88] reported a 
higher prevalence of HCV antibodies in patients with 
IPF (28.8%) compared with that observed in age
matched control subjects (3.6%). Ferri et al[89], in 
a cohort of 300 HCVpositive patients, observed 
eight patients with interstitial lung involvement. In 
6 patients, the presence of lung involvement was 
suspected on the basis of dyspnea with dry cough or 
digital clubbing. Different degrees of reduction in DLCO 
were observed; spirometric abnormalities, consistent 
with a global restrictive pattern, were found less 
frequently. The presence of parenchymal radiotracer 
uptake on G67 scan and an increased percentage of 
neutrophils and lymphocytes on BAL suggested active 
lung involvement. The treatment of HCV infection is 
associated with decreased pulmonary function. Foster 
et al[90] reported the results of a controlled clinical 
trial of 391 patients with HCV infection who received 
24 wk of treatment with albIFNα2b or pegylated 
IFNα2a (pegIFNα2a) and ribavirin. Patients were 
followed over 6 mo with spirometry, DLCO, and chest 
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  Pharmacological agent Relevant information

  DMARDs
     MTX Long-term frequency of MTX-induced ILD is 

0.43%[35]

Incidence is 3.78/1000 patients[56]

Risk factor for ILD in RA patients (RR = 7.81)[33]

     LFN Increases the risk of developing ILD[46]

Mortality of 19% in patients with LFN-induced 
ILD[47]

     AZA Complication of interstitial pneumonia after 
treatment with AZA[52]

  TNF-α inhibitors Mortality is 32% in patients with ILD treated 
with TNF-α inhibitors[57]

     Etanercept Incidence of etanercept-induced ILD is 0.6%[73]

     Infliximab Incidence of infliximab-induced ILD is 0.5%[74]

Table 3  Pharmacological agents implicated in the development 
of interstitial lung disease in rheumatoid arthritis patients

DMARDs: Disease-modifying antirheumatic drugs; MTX: Methotrexate; 
ILD: Interstitial lung disease; RA: Rheumatoid arthritis; RR: Relative risk; 
LFN: Leflunomide; AZA: Azathioprine; TNF-α: Tumor necrosis factor-α.
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Xray. During followup, DLCO declines of < 15% 
were observed in 173 (48%) of patients, whereas 
one patient developed new interstitial chest Xray 
abnormalities. The underlying mechanisms for this 
decline in pulmonary function in patient’s treatment 
with albIFNα2b or pegylated IFNα2a require 
further investigation.

BIOMARKERS FOR RA-ILD
To date, the use of RF and antiCCP as predictive 
biomarkers for ILD development in patients with RA 
remains controversial. Some evidence indicates that 
there is a clear association between high RF and anti
CCP titer levels and RAILD[29]. However, other authors 
have not identified an association between antiCCP 
and RAILD[31].

In serum from patients with RAILD, Harlow et al[91] 
identified citrullinated heat shock proteins (Hsp) 90α 
and Hsp90β as potential biomarkers for ILD in patients 
with RA (Sensitivity, 0.29; Specificity, 0.96). Serum 
ferritin has been proposed as a prognostic marker in 
sclerodermaILD based on the finding that patients 
with higher ferritin levels at baseline (> 1500 μg/L) had 
a significantly increased risk of fatal outcomes[92]. To 
date, there has been a lack of information about serum 
ferritin in RAILD. However, in a crosssectional study, 
Rosas et al[93] observed significantly increased matrix 
metalloproteases (MMP)7 and MMP1 concentrations 
in the serum of patients with IPF (P = 0.01 and P < 
0.001, respectively). Additionally, the authors reported 
that a combination of enhanced concentrations 
of MMP7 and MMP1 could discriminate IPF from 
hypersensitivity pneumonitis, with a sensitivity of 
96.3% and a specificity of 87.2%[93]. Further studies of 
these metalloproteases in RAILD are required. 

Ascherman et al[94] reviewed potential biomarkers 
implicated in RAILD. To date, the following cytokines 
have been considered as potential biomarkers of ILD: 
platelet derived growth factor isoforms AB and BB, 
interferonalpha, and profibrotic cytokine transforming 
growth factorB1. Elevated levels of these cytokines 
have been observed in BAL. High levels of Krebs von 
den Lungen6 protein (KL6) have been identified 

in serum, reflecting alveolar damage. KL6 protein 
levels have demonstrated a correlation with the 
severity of ILD, as evaluated by HRCT[95]. The role 
of other potential biomarkers, such as surfactant 
proteinD (SPD), surfactant proteinA (SPA), and 
YKL40 chitinase3like protein 1, or cytokines such as 
chemokine motif ligand 18, which have been identified 
in other CTD complicated by lung involvement, should 
be evaluated in RAILD[96].

HISTOPATHOLOGY
Five main histological patterns of ILD have been 
characterized, including NSIP, usual interstitial pneu
monia (UIP), DAD, organizing pneumonia (OP), 
and lymphocytic interstitial pneumonia (LIP)[97]. The 
histological patterns of ILD and their relationship to 
clinical and radiological features are summarized in 
Table 4. The most frequent histological pattern of RA
ILD is UIP, followed by NSIP. In terms of severity, Kim 
et al[98] reported in 2010 that the UIP pattern in RAILD 
was associated with worse survival than the nonUIP 
pattern. In patients with UIP, the mean survival was 
3.2 years; in patients with the nonUIP pattern, mean 
survival time was 6.6 years (P = 0.04). The severity 
and high mortality of the DAD pattern has been 
recognized. Tsuchiya et al[99] reported that patients 
with the DAD histological pattern of RAILD had the 
highest mortality, with a median survival time of 0.2 
years.

DIAGNOSIS
Clinical features
The clinical symptoms of RAILD are nonspecific. 
Dyspnea on exertion is the most frequent symptom, 
and cough, sputum production, wheezing, and chest 
pain have also been reported[100]. However, dyspnea 
and physical limitations may not be apparent in the 
early stages of disease.

Core set of domains in clinical trials
Using Delphi and nominal group techniques, a group 
of experts recently proposed a preliminary core set 
of outcome measures in connective tissue disease
associated ILD (CTDILD) and idiopathic pulmonary 
fibrosis for use in clinical trials[101]. The results of this 
study included identification of the following domains to 
be measured in clinical trials: (1) dyspnea; (2) health
related quality of Life (HRQoL); (3) lung imaging; 
(4) lung physiology/function; (5) survival; and (6) 
medications.  

The instruments accepted for each domain were 
derived from the Delphi Technique and are depicted 
in Figure 1[101]. Selection of this core of domains and 
instruments is very useful in diverse contexts in order 
to standardize the assessment of clinical responses 
across studies, rendering these results useful for 
systematic reviews or metaanalyses, and to facilitate 
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  Histologic pattern Clinical-Radiological-Pathological Diagnosis

  Usual interstitial 
  pneumonia 

Idiopathic pulmonary fibrosis/COP

  NSIP NSIP 
  Organizing pneumonia COP 
  Diffuse alveolar damage Acute interstitial pneumonia 
  LIP LIP

Table 4  Histological and clinical classification of idiopathic 
interstitial pneumonias

From: ref.[107], American Thoracic Society; European Respiratory Society. 
Am J Respir Crit Care Med 2002; 165: 277-304. COP: Cryptogenic fibrosing 
alveolitis; NSIP: Non-specific interstitial pneumonia; LIP: Lymphoid inter-
stitial pneumonia.
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the selection of outcome measures in multicenter 
randomized controlled trials.  

The treatment of RAILD can be classified into 
supportive measures and treatment against the 
inflammatory processes that are responsible for 
ILD. To date, there is no specific treatment for RA
ILD. The best therapeutic strategy is believed to 
be a multidisciplinary approach that evaluates the 
severity of lung involvement, the type of pneumonitis, 
concomitant organs involved, and associated comor
bidities. At our center, this therapeutic approach is 
performed by a rheumatologist, a pulmonologist, 
and a specialist in internal medicine. Included among 
supportive measures are supplementary therapy with 
oxygen, pulmonary rehabilitation, antireflux therapy, 
and treatment of comorbidities[102]. Many patients 
may have coexisting infections, and appropriate 
antimicrobial agents should be considered in such 
cases.

Six-minute walk test 
The sixminute walk test (6MWT) measures the 
distance that a patient can walk quickly on a flat, hard 
surface over a period of 6 min (6MWD). It evaluates 
the global and integrated responses of all of the 
systems involved in exercise, including the pulmonary 
and cardiovascular systems, systemic circulation, 
peripheral circulation, blood, neuromuscular units, 

and muscle metabolism. It does not provide specific 
information on the function of each of the different 
organs and systems involved in exercise or on the 
mechanism of exercise limitation, as is possible 
with maximal cardiopulmonary exercise testing[103]. 
Changes in 6MWD after therapeutic interventions 
correlate with subjective improvements in dyspnea[104].

St. George’s Respiratory Questionnaire 
The St. George’s Respiratory Questionnaire was 
originally developed to assess the health status of 
patients with chronic obstructive pulmonary disease 
and asthma[105]. It has also been used for patients with 
other diseases, such as bronchiectasis and ILD[106]. 
Chang et al[106] observed that forced vital capacity 
(FVC)% was more strongly correlated with activity 
score than with symptom score. Similarly, on the 
chronic respiratory questionnaire, the dyspnea score 
was significantly correlated with FVC%, whereas the 
fatigue and emotional scores were not correlated.

PFT
Patients with RAILD usually demonstrate a restrictive 
pattern on PFT with reduced total lung capacity (TLC), 
or a diminished FVC with a normal or increased forced 
expiratory volume at 1 second/forced vital capacity 
(FEV1/FVC) ratio and/or impaired gas exchange, which 
is characterized by an increased P (Aa) O2 (Alveolar
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Dyspnea

Assessment instruments:
  Borg Dyspnea Index
  Dyspnea scale
  Borg dyspnea index 
  pre and post-exercise

Survival

Issues to evaluate:
  Time to decline in FVC
  Progression-free survival

Medication

Issues to evaluate:
  Increase or decrease in 
  glucocorticoids
  Increase or decrease in 
  concomitant 
  immunosuppressive 
  agents

HRQoL

Assessment instruments:
  Medical Outcomes Trust  
  Short form 36 (SF-36)     
  Health survey
  Visual analog scale of patient
  Ability to carry out Activities 
  of daily living 
  Health assessment 
  Questionnaire-disability index 

CTD-ILD

Lung imaging

Issues to evaluate:
  Extent of honeycombing   
  on HRCT 
  Extent of ground-glass    
  opacities on HRCT
  Overall extent of ILD on 
  HRCT

Lung physiology/function

Issues to evaluate:
  Supplemental 
  oxygen requirement
  FVC on spirometry
  Diffusion capacity of 
  lung for carbon monoxide 
  6MWT with maximal 
  desaturation on pulse 
  oximetry

Figure 1  Suggested instruments to assess connective tissue disease associated interstitial lung disease, based on the Delphi Technique[101]. CTD-ILD: 
Connective tissue disease associated-interstitial lung disease; FVC: Forced vital capacity; HRQoL: Health-related quality of life; HRCT: High-resolution computed to-
mography.
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arterial pressure difference for O2), decreased PaO2 at 
rest or exertion, or decreases in the DLCO[107]. Chen 
et al[10] observed, in a crosssectional study of patients 
with RAILD, the presence of severe respiratory 
impairment [lower percent predicted FVC (74.9 ± 
12.2 vs 86.9 ± 11.3; P < 0.001), TLC (87.8 ± 15.7 vs 
98.4 ± 11.3; P = 0.001), FEV1 (74.1 ± 14.6 vs 88.0 
± 12.9; P < 0.001), and DLCO (68.1 ± 19.5 vs 96.2 
± 17.7; P < 0.001)] compared to RA patients without 
ILD. Saag et al[14], in a crosssectional study, found 
that worse functioning as evaluated by the Health 
Assessment Questionnaire DisabilityIndex (HAQDI), 
was a risk factor for declines in both the DLCO and 
FVC. However, Kim et al[98], in a retrospective study, 
observed that variables associated with a decrease in 
survival time in patients with RAILD included baseline 
FVC (HR = 0.98; P = 0.01), baseline DLCO (HR = 0.97; 
P = 0.002), and the presence of a UIP pattern on 
HRCT (HR = 2.09; P = 0.04).

Radiological findings
Radiographically, changes observed in RAILD are 
indistinguishable from those observed in IPF or ILD 
associated with other connectivetissue diseases. 
Plain chest Xrays mainly demonstrate reticular 
and fine nodular opacities. These findings are 
commonly concentrated in the lower lung zones. 
Early on, these changes may appear as a patchy, 
alveolarfilling infiltrate. Disease progression results 
in a more reticulonodular pattern. Plain chest Xray 
is an insensitive means for identifying ILD, which 
has a prevalence rate of only 6%[9]. Progression 
to nodular, patchy infiltrates may develop. Rarely, 
lymphadenopathy, rheumatoid nodules, and pleural 
effusions may be present[107]. Gabbay et al[9], in a cross
sectional study, observed the prevalence of RAILD 
(14%) by employing a number of sensitive techniques 
in patients with RA for < 2 years.

High resolution computed tomography and histological 
correlation
One of the varied manifestations of ILD is asymp
tomatic disease that is detected by HRCT of the 
chest and PFT[108]. The American Thoracic Society 
and the European Respiratory Society (ATS/ERS), in 
collaboration with the Japanese Respiratory Society 
(JRS), and Latin American Thoracic Association (ALAT), 
published HRCT criteria for the diagnosis of UIP. The 
following are the main criteria for UIP in HRCT (all 
four features must be present): subpleural, basal 
predominance; reticular abnormality; honeycombing 
with or without traction bronchiectasis, and the 
absence of features listed as inconsistent with the UIP 
pattern. The criteria for possible UIP pattern include 
all features for the UIP pattern listed above, except for 
honeycombing. Inconsistent with the UIP pattern are 
any of the following seven features: upper or midlung 
predominance; peribronchovascular predominance; 
extensive groundglass abnormality (extent > 

reticular abnormality); profuse micronodules (bilateral, 
predominantly upper lobes); discrete cysts (multiple, 
bilateral, at a distance from areas of honeycombing); 
diffuse mosaic attenuation/airtrapping (bilateral, in 
three or more lobes); and consolidation in broncho
pulmonary segment(s)/lobe(s)[109].

Assayag et al[110] compared, in a cohort of 69 
patients with RAILD, the usefulness of two computed 
tomography (CT) criteria and their correspondence 
with histopathologic patterns. Using the strict criteria, 
a definite UIP pattern on a CT scan had 96% specificity 
with histopathological findings and a positive predictive 
value of 95%. However, the sensitivity of the UIP 
pattern on CT scan was 45%, and when the broad 
criteria were used, the sensitivity of CT scan increased 
to 81%, with a decrease in specificity to 85%. 
Kim et al[98], in a retrospective study that included 
bivariate survival analysis of specific HRCT features in 
patients with RAILD, found that reticulation, traction 
bronchiectasis, and honeycombing were significantly 
associated with worse survival time. Cox regression 
modeling found that the presence and extent of 
traction bronchiectasis were significant independent 
predictors of worse survival time, with a hazard ratio 
(HR) 2.6; honeycombing had a HR for death of 2.1.

PérezDórame et al[111] observed, in a cross
sectional study, the likelihood of NSIP being the most 
prevalent pattern on HRCT scans (29%). UIP patterns 
were observed in 13% of the patients. However, 
there was considerable overlap among tomographic 
patterns: 42% of patients had two ILD tomographic 
patterns, and 20% of patients also had small airway 
disease, defined as the presence of mosaic attenuation 
and airtrapping images. 

Correlation between PFT and HRCT
McDonagh et al[112], in a crosssectional study, 
calculated the sensitivity and specificity of PFT, 
using HRCT as the gold standard. These authors 
observed that reduced FEV and low total lung 
capacity (TLC) [both > 1 Standard (SD) deviation 
below that predicted] were highly sensitive markers 
for of the presence of ILD on HRCT (88% and 90%, 
respectively). However, the specificity of each was 
relatively low (59% and 71%, respectively). The 
most sensitive test appeared to be measurement of 
residual volume (RV). A reduction of > 1 SD below the 
predicted RV was 83% specific for ILD.

Figure 2 describes a diagnosis strategy for patients 
with suspicion of RAILD. This strategy is based on 
the findings of clinical features and/or presence of 
risk factors for ILD in patients with a recognized 
RA. A recommendation is to perform a systematic 
assessment of the arterial blood gas, PFT and chest 
radiograph. If there is evidence in any of these tests 
that justify further investigation, we recommend 
a HRCT as the next step. HCRT may exclude or 
confirm the diagnosis of ILD, nevertheless in case of 
a reasonable suspicion justified by the clinical findings 
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with a HRCT that is not conclusive, probably invasive 
approaches, such as BAL or open lung biopsy should 
be considered.

Positron emission tomography and interstitial lung 
disease
HRCT is an exclusively structural imaging technique 
from which only indirect inferences in relation to 
metabolism can be made. Recent technologic advances 
have led to the integration of positron emission 

tomography (PET) with CT, allowing molecular imaging 
to be combined with the fine structural detail of CT. 
PET/CT has profoundly affected the management 
of cancer[113]. However, to date, PET/CT has not 
been used in patients with IPF and ILD[114]. PET with 
[18F]Fluorodeoxyglucose ([18F]FDG) can be used 
to quantify pulmonary inflammation. [18F]FDG, a 
glucose analog, is taken up by the same transporters 
that take up glucose into the cell; therefore, [18F]
FDG uptake tracks cellular glucose transport, which 
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Rheumatoid arthritis

Clinical features

Bibasal inspiratory crackles
Insidious onset of unexplained   
dyspnea on exertion by more   
than 3 mo illness

Risk factors

Age > 65 yr
Current smoking
Rheumatoid factor
Anti-CCP antibodies
MTX or Anti-TNF-α treatment

Chest radiograph

Bilateral hilar lymphadenopathy
Nodules
Ground-glass or reticular opacity
Patchy bilateral consolidation
Basal-predominant reticular  
abnormality with volume loss

Lung function test

DLCO < 70%
FEV < 80%
Reduced Total lung capacity 
Reduced Vital capacity 
Normal or increased FEV1/FVC 
ratio

Arterial blood gas analysis
DLCO >70%

Increased P (A-a) O2 (alveolar- 
arterial pressure difference for CO2)
Decreased PaO2 with exercise Other causes of 

dyspnea

BAL or TBBx

Increased cellularity: 
lymphocytes and neutrophils

Non-diagnosis yet?

Open lung biopsy

Typical HRCT findings

UIP
Reticular, honeycombing
  Traction bronchiectasis/bronchiolectasis; architectural distortion. Focal   
  ground glass
NSIP
Ground glass attenuation
  Irregular lines. Consolidation
OP
  Patchy consolidation and/or nodules
DAD
  Consolidation and ground glass opacity, often with lobular sparing
  Traction bronchiectasis later
LIP
  Centrilobular nodules, ground glass attenuation, septal and 
  bronchovascular thickening, thin-walled cysts

HRCT
Non-diagnosis

Figure 2  Recommendations for the diagnosis of interstitial lung disease in rheumatoid arthritis patients. Anti-CCP: Anti-cyclic citrullinated peptide; MTX: 
methotrexate; Anti-TNF-α: Anti-tumor necrosis factor-α; DLCO: Diffusing capacity of the lung for carbon monoxide; FEV: Forced expiratory volume; FVC: Forced vital 
capacity; BAL: Bronchoalveolar lavage; TBBx: Transbronchial lung biopsy; HRCT: High-resolution computed tomography; UIP: Usual interstitial pneumonia; NSIP: 
Non-specific interstitial pneumonia; OP: Organizing pneumonia; DAD: Diffuse alveolar damage; LIP: Lymphocytic interstitial pneumonia.
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is highly correlated with the rate of cellular glucose 
metabolism[115]. Increased pulmonary [18F]FDG 
metabolism in all patients with IPF and other forms 
of diffuse parenchymal lung disease was observed. 
Pulmonary 18FFDG uptake predicts measurements 
of health and lung physiology in these patients. 
18FFDG metabolism was higher when the site of 
maximal uptake corresponded to areas of reticulation/
honeycombing on HRCT, rather than to areas with 
groundglass patterns. To date, there are, to our 
knowledge, no studies evaluating lung metabolism 
in patients with RAILD, and longitudinal studies 
evaluating treatment based on pulmonary metabolism 
are required.

PULMONARY ARTERIAL HYPERTENSION 
AND RA-ILD 
Pulmonary arterial hypertension (PAH) may be 
an extraarticular manifestation of RA or may be 
associated with RAILD[116]. PAH in patients with RA
ILD who have either dyspnea or lung dysfunction 
[reduced carbon monoxide transfer factor (TLCO) or 
desaturation on exercise] can appear disproportionate 
to the extent of parenchymal lung disease. Trans
thoracic echocardiography is a suitable screening tool 
for detection of pulmonary hypertension in patients 
with ILD[102], and PAH can be confirmed with cardiac 
catheterization. 

PHARMACOLOGICAL TREATMENT
There is only limited information derived from well
designed clinical trials or prospective cohort studies 
regarding the efficacy of immunosuppressive or 
biological therapy for RAILD. Current understanding 
suggests that the therapeutic response depends on 
several factors, such as early detection of involvement, 
the radiologicalhistological subset (with lower rates 
of therapeutic response in fibrotic UIP compared with 
Bronchiolitis obliterans organizing pneumonia and non
fibrotic NSIP), and other comorbidities such as renal 
failure. There are several common clinical scenarios. 
The first scenario is an asymptomatic patient in 
whom ILD is discovered incidentally. In this patient, 
the decision to start treatment is not always easy, 
because ILD may remain stable in some of these 
patients for years, and aggressive therapy may cause 
severe, lifethreatening side effects. On the other 
hand, an incidental finding of ILD represents a window 
of opportunity for initiating treatment prior to clinical 
worsening. In this scenario, patients should initially be 
closely monitored monthly, and thereafter, at 36 mo 
intervals with PFT and 6MWT; in case of deterioration, 
immunosuppressive therapy should be considered. 
The second scenario is that of a patient with symp
toms and clinical signs of ILD and a confirmed 
diagnosis based on PFT and HRCT. In these patients, 
immunosuppressive therapy against the inflammatory 

process should be initiated. The third scenario 
involves a patient who has failed treatment with 
immunosuppressive drugs, has severe lung fibrosis, 
and has very few or absent signs of inflammation on 
HRCT. These patients generally do not benefit greatly 
from immunosuppressive therapy. If, after a course of 
corticosteroids and immunosuppressive drugs, such 
patients suffer rapid deterioration of FVC, diffuse PaO2 
capacity of the lung for carbon dioxide (DLCO2), or 
clinical parameters, other therapies including lung 
transplantation should be considered (see later). In 
patients with moderate or severe symptoms and who 
have rapid progression of ILD (as reflected by a rapid 
deterioration of FVC and DLCO2 with an increase in 
dyspnea), corticosteroids are considered firstline 
treatment. 

However, there is a lack of evidence from controlled 
studies regarding the effect size of corticosteroid 
treatment on the therapeutic response in RAILD. 
This lack of clinical trials is explained because ILD is 
a lifethreatening complication and ethically is not 
suitable for evaluation in placebocontrolled trials. 
One of the most recent studies evaluating the effect 
of corticosteroids on the therapeutic response was 
performed by RojasSerrano et al[117]. These authors, 
in a retrospective cohort design of 40 patients with 
RAILD treated with prednisone 1 mg/kg per day for 6 
wk followed by tapering of 10 mg/d for approximately 
6–8 mo, observed significant improvement in FVC at 
the final evaluation (compared with baseline values). 
However, the lack of a comparison group and the 
fact that the majority of these 40 patients with ILD 
concomitantly received MTX, AZA, or LFN limit the 
study’s usefulness in understanding the true effect of 
corticosteroids in these patients. 

Ineffective agents 
Some medications have been used in CTDILD but 
have not demonstrated significant efficacy. These 
drugs include dpenicillamine and colchicine, which 
have been tested in systemic sclerosis but not in 
RAILD[118,119]. In an original study, Steen et al[118] 
evaluated the effects of dpenicillamine in 44 patients 
with systemic sclerosis compared with patients who 
did not receive this drug; while patients who received 
dpenicillamine had no further progression of dyspnea 
or fibrosis in chest Xrays during followup, there were 
no significant modifications in vital capacity (VC). In 
an open trial, van der Schee et al[120] evaluated the 
effects of dpenicillamine (750 mg/d) in seven patients 
with ILDRA. Patients also received prednisone 60 
mg/d during month 1 with a gradual taper; VC and 
CO diffusion were measured prior to treatment, at 1 
mo, and annually. Anecdotal reports have described 
some cases of patients with ILDRA who exhibited 
improvement after receiving cyclosporine[121]. 

Immunosuppressive agents
Azathioprine: Since the late 1970s, azathioprine and 
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corticosteroid therapy have been used for the treatment 
of RAILD in order to improve functional parameters and 
to stabilize lung inflammation. Cohen et al[122] published 
one of the first case reports, which discussed a patient 
with RAILD who had been treated for 5 years with 
azathioprine; improvements in pulmonary function 
and clinical symptoms were observed. Interestingly, 
there is also a lack of evidence from controlled studies 
regarding the efficacy of azathioprine in RAILD.  

Cyclophosphamide: Cyclophosphamide (CYC) is 
an immunosuppressive drug commonly used to treat 
patients with ILD. A recent study[123] evaluated the 
effects of CYC on serum and bronchoalveolar lavage 
(BALF), TNFα, TGFβ1, and MMP9 levels, as well as 
TNFα and TGFβ1 messenger RNA (mRNA) levels, in 
the peripheral blood of patients with primary Sjögren’
s syndrome with ILD. The results of this study showed 
that TNFα, TGFβ1, and MMP9 levels decreased 
significantly after CYC treatment.

The majority of evidence published on CYC in ILD 
has been derived from patients with systemic sclerosis 
who were treated with CYC. Although CYC is the “gold 
standard” immunosuppressant for the treatment of 
CTDILD, a metaanalysis[124] evaluating the evidence 
of three randomized clinical trials and six prospective 
cohorts evaluating the effect of CYC on systemic 
sclerosis and ILD did not observe significant changes 
in the FVC or DLCO after 12 mo of therapy, concluding 
that CYC treatment did not result in a clinically 
significant improvement of pulmonary function in 
these patients. However, when the individual studies 
are examined, there was wide variability in CYC doses 
and administration, with some studies evaluating 
oral CYC whereas others employed intravenous (iv) 
administration. The studies also differ in concurrent 
interventions; patients in some studies also received 
high doses of corticosteroids, others low corticosteroid 
doses, and in one study, corticosteroids were not used. 
Therefore, new studies with similar designs, inclusion 
criteria, and concurrent interventions are required to 
support the results of this metaanalysis. CYC therapy 
has also been used in patients with suspected drug
induced ILD. In a case report, an RA patient with 
MTXinduced pneumonitis was considered resistant to 
withdrawal of MTX, oxygen administration, and pulse
dose corticosteroids. This patient was treated with an 
iv CYC pulse, resulting in a substantial improvement 
in hypoxemia and Xray findings. The authors 
suggest that CYC should be considered in patients 
with MTXinduced pneumonitis without response to 
corticosteroids[125].

Mycophenolate mofetil: Mycophenolate mofetil 
(MMF) has been studied in patients with CTDILD. In a 
case series[126], 10 patients with autoimmune disorders 
complicated by ILD (three of whom had RA) received 
MMF. Symptomatic improvement was observed in 
10/11 patients, and 4/5 discontinued oxygen. There 

was stabilization or improvement in HRCT lesions 
in 8/8 patients, only 1/9 had worsening PFT, and 
patients were able to significantly decrease the dose 
of prednisone. The authors concluded that MMF is 
probably safer and more effective than CYC and should 
be considered as a firstline agent or a maintenance 
therapy after CYC treatment. However, these data 
are very preliminary and require corroboration in a 
controlled study that compares CYC vs MMF in ILDRA. 

Combined therapy with methylprednisolone 
pulses: Combined therapy with methylprednisolone 
and CYC has been evaluated mainly in patients with 
systemic sclerosisassociated ILD. Yiannopoulos et 
al[127] evaluated 13 patients with systemic sclerosis
associated ILD, observing that 66.6% had stable or 
improved pulmonary function parameters. However, ILD 
worsened in some individuals after stopping treatment. 
The authors concluded that this combination is 
effective and welltolerated and helps to stabilize 
respiratory function in ILD. Airò et al[128] described the 
results of an observational study evaluating the results 
of the combination of CYC and 6methylprednisolone 
in 13 patients with systemic sclerosis and active 
alveolitis, observing an increase in FVC (P = 0.005) at 
6 mo compared to baseline.

Biologic agents 
Tocilizumab: Tocilizumab is an interleukin (IL)6 
receptor blocker useful in the treatment of joint 
symptoms and some systemic manifestations in 
RA. Excessive production of IL6 is associated with 
fibrosis in ILD; therefore, IL6 constitutes a potential 
target in the treatment of RAILD. Gallelli et al[129] 
have observed, in an in vitro study that used primary 
cultures of normal and fibrotic human lung fibroblasts, 
that the proliferative mechanisms induced by TGFβ1 
are in part mediated by an increased release of IL6, 
leading to phosphorylationdependent mitogen
activated protein kinase (MAPK) activation. These 
findings help to understand the effects of therapies 
that are based on IL6 inhibition and their effects on 
lung fibroblasts. Mohr et al[130] described the results of 
tocilizumab in one patient with ILDRA, observing an 
improvement in alveolitis and groundglass opacities. 
Although the existing evidence is clearly insufficient to 
establish strong conclusions, it indicates the necessity 
of performing controlled studies to evaluate the 
efficacy of tocilizumab in these patients.

Anti-TNF agents and ILD: Only few case reports 
and case series have been published regarding 
patients with RAILD who may have benefited from 
antiTNF treatment. Bargagli et al[131] described the 
case of one patient with RA and pulmonary fibrosis, 
refractory to corticosteroids and azathioprine, who was 
treated with infliximab. These authors observed an 
improvement in vital capacity, TLCO and FEV1 after 15 
mo of infliximab therapy. Similarly, Vassallo et al[132] 
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described a response to infliximab in a patient with RA 
and pulmonary fibrosis refractory to corticosteroids. 
After 12 mo of infliximab treatment, this patient had 
symptomatic improvement with stabilization of PFT. 
Additionally, Antoniou et al[133] identified responses 
to infliximab in a case series of 4 patients with CTD
associated pulmonary fibrosis (3 with RA and 1 with 
systemic sclerosis). The authors observed a stabilization 
of pulmonary fibrosis in terms of PFT results and HRCT 
findings after at least 12 mo of treatment. Etanercept 
is another antiTNF agent where a therapeutic 
response in ILD has been observed. Schultz et al[134] 
described a girl with juvenile chronic arthritis and 
pulmonary interstitial and intraalveolar cholesterol 
granulomas, in whom treatment with etanercept 
improved symptoms and physical capacities. Wang et 
al[135] described a therapeutic response to etanercept in 
a 52yearold woman with RAILD that was refractory 
to corticosteroids and azathioprine. These authors 
observed a sustained improvement in symptoms, PFT 
results, and HRCT findings.

There is controversy concerning whether anti
TNF agents are associated with an increase in the 
prevalence of RAILD, and several case reports have 
been published on the development of RA in patients 
receiving antiTNF agents[65,66,7072,136]. In addition, 
cases have also been reported of patients with RA
ILD experiencing exacerbations of lung disease 
after receiving antiTNF therapy[61]. PerezAlvarez 
et al[77] analyzed 122 cases of newonset ILD or 
exacerbation of ILD in connective tissue diseases after 
administration of biological agents. Among these, 108 
(89%) patients had RA. The drugs that were most 
frequently associated with ILD were etanercept (58 
patients) and infliximab (56 patients); ILD developed 
at a mean of 26 wk after starting biological agents.

Rituximab: B cells are probably involved in the 
pathogenesis of RAILD. Atkins et al[137] have observed 
the presence of follicular Bhyperplasia and infiltration 
of the interstitium with plasma cells in patients with 
interstitial pneumonia. Observational and open 
uncontrolled studies have described the effects of 
rituximab (RTX) in patients with RAILD. Matteson 
et al[138] described the effects of RTX (1000 mg given 
on day 1 and day 15 and again after 24 and 26 wk) 
on 10 patients with RAILD who were evaluated in 
a 48wk, open clinical trial. At the end of the study, 
only 7/10 patients were assessed for therapeutic 
response. Among these patients, DLCO2 increased > 
15% of baseline in 2/7 patients, remained stable in 
4/7 patients, and worsened in 1/7 patients. However, 
the FVC increased by at least 10% in 2/7 patients, was 
stable in 4/7 patients, and declined in 1/7 patients. In 
the six patients who had a followup HRCT, findings 
remained unchanged in 5/6 and improved in 1/6. 
These preliminary data suggest that RTX benefits 
only some patients with RAILD; nevertheless, further 
controlled studies are required to identify the possible 

effects of RTX on patients with established RAILD. 
Dass et al[139] described the safety of RTX among 67 
patients with RA and lung involvement; of these, 48 
patients (71.6%) had ILD. The authors observed 3 
deaths (2 patients with ILD and 1 patient with chronic 
obstructive pulmonary disease), one of which was 
secondary to pneumonia and acute progression of ILD 
observed in the 4 wk after the first cycle of RTX. These 
authors conclude that treatment with RTX in patients 
with RA and lung involvement apparently does not 
increase the rate of expected severe side effects. 

Romero et al[140] described the safety of RTX in a 
series of 14 patients with CTDILD, 29 of whom had 
RAILD. They observed a decreased incidence of ILD 
relapse during rituximab therapy (0.745/100 patient
months) compared to 5.56/100 patientmonths during 
the pretreatment period. Only 12 patients had PFT 
results available during followup, demonstrating an 
increase in FVC and DLCO. Radiographic studies were 
available in 6 patients and demonstrated stabilization 
of ILD in 5/6 and improvement in 1/6. These authors 
conclude that RTX was safe in the sample studied, 
although there was 1 death secondary to neutropenia 
and a disseminated fungal infection during followup. 
Becerra et al[141] described the results of treatment 
with RTX in 38 patients with RA and lung involvement, 
19 of whom had ILD. They observed that lung disease 
remained stable, although one patient with severe 
UIP developed progressive lung disease. Interestingly, 
66% of the patients had respiratory infections, 2 of 
which required hospitalization. There were 2 deaths 
in this series, neither of which was related to RTX 
treatment. These authors conclude that RTX is a 
relatively safe therapy in patients with RA and lung 
involvement; however, there is no significant evidence 
to demonstrate improvement in lung disease. 

Abatacept: Abatacept is a promising biologic agent 
for RA; nevertheless, there is a lack of studies 
evaluating the safety of abatacept in RAILD, and most 
information about this medication has been obtained 
from observational studies, particularly case reports. 
In a mice model of hypersensitivity pneumonitis 
characterized by T cellmediated lung inflammation, 
the administration of abatacept significantly decreased 
the extent of lung damage and decreased the number 
of inflammatory cells in the BAL[142]. Wada et al[83] 
reported the case of a 55yearold man with RA and 
interstitial pneumonia who deteriorated early after 
the administration of abatacept. This patient had a 
rapid clinical and radiographic deterioration of ILD that 
improved after abatacept was stopped. Nevertheless, 
other causes of ILD besides the abatacept should be 
considered, and additional information is required 
before establishing definite conclusions about the 
safety of abatacept in patients with RAILD.

Lung transplantation and RA-ILD
Several studies have demonstrated that patients with 
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systemic sclerosis had similar rates of survival after 
lung transplantation compared with patients who had 
idiopathic pulmonary fibrosis or idiopathic pulmonary 
arterial hypertension[143]. Nevertheless, there are only 
few studies evaluating outcomes in patients with RA
ILD who underwent lung transplantation. Yazdani et 
al[144] performed a retrospective study to examine 
survival in 10 patients with RAILD who received a 
lung transplant, compared with 53 patients with IPF 
and 17 with systemic sclerosisILD (SScILD). The 
authors reported similar cumulative survival rates in 
RAILD compared to IPF (67% vs 69%, respectively), 
although the cumulative survival rate was higher 
in SScILD (82%). These data suggest that RA
ILD patients have a similar cumulative survival rate 
compared to other recipient of lung transplan, and 
therefore lung transplant should be considered in 
patients with refractory ILD who have not responded 
to other therapeutic strategies. 

Other treatments
Some treatments used for idiopathic pulmonary 
fibrosis have been infrequently investigated in patients 
with rheumatic disorders associated ILD. These 
treatments include (1) pirfenidone; (2) bosentan and 
sildenafil; (3) imatinib; and (4) warfarin. Pirfenidone is 
an antifibrotic drug that inhibits fibroblast proliferation 
and collagen synthesis and clinically is used for IPF. 
In an openlabel trial, Nagai et al[145] evaluated the 
effects of one year of treatment with oral pirfenidone 
(40 mg/kg body weight) in patients with advanced 
pulmonary fibrosis secondary to systemic sclerosis 
without observing a survival benefit, although these 
patients had no significant deterioration in chest 
radiographic findings or arterial oxygen pressure. 
To date, there have been no studies evaluating 
pirfenidone in RAILD. Therefore, new evidence 
derived from such studies is required. Bosentan is 
an endothelin1 antagonist used in patients with 
pulmonary arterial hypertension. However, most of the 
information of bosentan’s effects on CTDILD is derived 
from patients with systemic sclerosis. Mittoo et al[146] 
performed a retrospective assessment of 13 patients 
with CTDILD and pulmonary hypertension. Only 
2/13 of these patients had RAILD. These patients 
received bosentan alone, sildenafil alone or bosentan 
plus sildenafil. This study found that the drugs used 
to treat pulmonary hypertension were well tolerated, 
with higher mortality rates among patients with 
systemic sclerosis compared with other CTD. New 
studies evaluating bosentan in RAILD are required to 
draw definite conclusions. Imatinib mesylate inhibits 
the activation of the PDGF receptor, as well as the cAbl, 
BcrAbl and cKit tyrosine kinases. Consequently, 
imatinib mesylate suppresses the activation and 
proliferation of fibroblasts, requiring this drug to 
be evaluated in RAILD[147]. Warfarin has been only 
evaluated in retrospective studies. Watanabe et al[148] 
performed a retrospective analysis of 20 patients with 

rapidly progressive interstitial pneumonia, 11 cases 
of which were secondary to CTD (2/11 were due to 
rheumatoid arthritis). These authors classified the 
patients into 2 groups: group A, which included 11 
patients treated with anticoagulant therapy (warfarin 
or dalteparin), and group B, which included 9 patients 
who did not receive anticoagulation. At the end 
of the study, patients treated with anticoagulation 
had a better survival rate compared with the non
anticoagulated group (P = 0.038). Nevertheless, 
this evidence is too weak to recommend the use of 
warfarin in patients with RAILD. Nacetylcysteine is 
an antioxidant, acts as a scavenger for free radicals 
and has antiinflammatory properties. This agent 
also suppresses the production of TNFα and TGFβ 
by alveolar macrophages in patients with idiopathic 
pulmonary fibrosis[149]. Nacetylcysteine is an 
interesting drug in idiopathic pulmonary fibrosis, where 
it is widely used as an adjuvant therapy, although 
recent data did not demonstrate significant differences 
between Nacetylcysteine vs placebo in terms of FVC, 
frequency of exacerbations or mortality rates[150]. To 
date, limited information exists about the effects of 
Nacetylcysteine in CTDILD. Rosato et al[151] evaluated, 
in a retrospective study, the effects of intravenous 
Nacetylcysteine in patients with systemic sclerosis, 
observing a decrease in the rate of deterioration of 
DLCO, VC and TLC. Nevertheless, to date, no studies 
have reported the effects of Nacetylcysteine in RAILD. 
Evidence against the use of this drug has appeared 
in one study that demonstrated an increased risk of 
death and hospitalization in patients with idiopathic 
pulmonary fibrosis who received a combination 
of prednisone, azathioprine and Nacetylcysteine 
compared with patients who received placebo.

PROGNOSIS
Predictors of mortality include older age, male sex, 
lower socioeconomic status, decreased lung function, 
the presence of fibrosis, the extent of disease, the 
presence of a lunginjury pattern of usual interstitial 
pneumonia, higher disease activity scores, higher 
erythrocyte sedimentation rates, higher lactate 
dehydrogenase levels, greater baseline pain, and 
worse health assessment questionnaire scores[152]. 
Average survival in patients with RA is 1011 years 
shorter than that of the general population. Lung 
disease is especially common in RA and is directly 
responsible for 10%20% of all RAassociated 
mortality[153]. A retrospective study by Kelly et al[30] 
demonstrated that mortality rates were related to 
the subtype of lung disease; patients with a UIP/OS 
pattern had an RR of death from any cause of 3.9 
compared with patients who had a pattern of NSIP/
cryptogenic organizing pneumonia (COP). These 
authors observed during followup that, compared with 
limited disease, extensive disease was associated with 
an RR of death from any cause of 2.17.
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Gochuico et al[23] examined the differences between 
progressive RAILD and stable RAILD. Higher alveolar 
concentrations of IFNγ and TGFβ2 were observed in 
patients with progressive RAILD versus stable RA
ILD. Additionally, patients with progressive RAILD 
were more likely to be treated with MTX, suggesting 
that treatment with this agent may constitute a risk 
factor for progression of preclinical RAILD. Assayag 
et al[152] performed a systematic review evaluating 
predictors of mortality in RAILD. Factors associated 
with higher mortality rates were older age, male 
gender, lower DLCO, extent of fibrosis and UIP pattern. 
Nevertheless, the authors recognized that the review 
was limited by the low quality of some of the included 
studies; therefore, larger, welldesigned, multicenter 
studies evaluating prognostic factors in RAILD are still 
required.

CONCLUSION
Recent evidence indicates that ILD is presently 
observed more frequently in RA than was the case 
a decade ago. Establishing an early diagnosis of this 
complication depends on the level of clinical suspicion, 
as well as the strategy used to assess patients at risk 
of ILD. The adequate assessment of patients with 
suspected ILD should be based on a combination 
of tests, including clinical assessments, PFT, HRCT, 
and in some cases BAL or lung biopsy. Currently, 
distinct clinical subtypes of RAILD are recognized 
that may differ importantly in terms of prognosis and 
therapeutic response. Efforts to identify the subtype 
of RAILD should be made in order to design a 
therapeutic strategy that will be of the greatest benefit 
to a particular patient. In terms of treatment, recently 
identified therapeutic targets have produced new drugs 
for evaluation. Nevertheless, most of the information 
about these treatments is derived from observational 
or uncontrolled open studies. Therefore, evidence 
about the effectiveness of these agents is too weak to 
establish definite conclusions in patients with RAILD. 
New welldesigned, randomized, multicenter, double
blinded clinical trials are needed to evaluate the use of 
novel therapeutic agents in RAILD. This represents an 
important opportunity for future research.
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Abstract
Rheumatic diseases, characterized by chronic inflam-
mation and damage to various organs and systems, 
include systemic lupus erythematosus, rheumatoid 
arthritis, ankylosing spondylitis and other connective 
tissue diseases. Bone is a target in many inflammatory 
rheumatic diseases. In recent years, the survival of 
patients with rheumatic diseases has increased markedly 
and the relationship between rheumatic diseases and 
osteoporosis (OP) has become more prominent. OP 
and related fragility fractures increase the morbidity 

and mortality of rheumatic disease. The cause of OP in 
rheumatic diseases is complex. The pathogenesis of OP 
in rheumatic diseases is multifactorial, including disease 
and treatment-related factors. Osteoimmunology, a 
crosstalk between inflammatory and bone cells, provides 
some insight into the pathogenesis of bone loss in 
systematic inflammatory diseases. The aim of this article 
is to review different risk factors in rheumatic diseases. 
Several factors play a role, such as chronic inflammation, 
immunological factors, traditional factors, metabolism 
and drug factors. Chronic inflammation is the most 
important risk factor and drug treatment is complex in 
patients with OP and rheumatic disease. Attention should 
be paid to bone loss in rheumatic disease. Optimal 
treatment of the underlying rheumatic disease is the first 
step towards prevention of OP and fractures. Apart from 
that, a healthy lifestyle is important as well as calcium 
and vitamin D supplementation. Bisphosphonates or 
denosumab might be necessary for patients with a low T 
score.

Key words: Rheumatic diseases; Osteoporosis; Syste-
mic lupus erythematosus; Rheumatoid arthritis; Spond-
yloarthritis; Chronic inflammation
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Core tip: Osteoporosis (OP) and related fractures are one 
of important complications for patients with rheumatic 
diseases. The pathogenesis of OP in rheumatic diseases 
is multifactorial, including disease and treatment-related 
factors. Chronic inflammation is the most important risk 
factor and drug treatment is complex in patients with OP 
and rheumatic disease. Controlling rheumatic disease 
effectively is an important way to prevent OP.
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INTRODUCTION
Rheumatic diseases include rheumatoid arthritis 
(RA), systemic lupus erythematosus (SLE), systemic 
sclerosis (SSc), ankylosing spondylitis (AS) and 
other connective tissue diseases. The characteristics 
of rheumatic disease are chronic inflammation and 
damage to various organs and systems. Rheumatic 
diseases can affect bone, muscle, periarticular 
attachment and soft tissue. Osteoporosis (OP) is a 
systemic bone disease characterized by low bone 
mass and disruption of bone microstructure, increasing 
skeletal fragility and resulting in fractures occurring 
easily. Bone mineral density (BMD) is commonly 
detected by dual-energy X-ray absorptiometry (DEXA). 
OP is defined by a T score of -2.5 or lower, that is, > 2.5 
SD below the average density of a young normal adult.

The survival of patients with rheumatic diseases 
has increased dramatically during the past few 
decades. Patients with rheumatic diseases have an 
increased prevalence of long-term complications, 
such as cardiovascular diseases and OP[1,2]. Bone is 
always involved in many inflammatory rheumatic 
diseases. OP and related fractures are one of the most 
important complications for patients with rheumatic 
diseases. Osteoporotic fractures and osteonecrosis 
increase the morbidity and mortality of rheumatic 
diseases[3]. The pathogenesis of OP in rheumatic 
diseases is multifactorial and includes disease and 
treatment-related factors. Rheumatic diseases could 
result in bone loss through several mechanisms: 
inflammation, traditional risk factors and drug-induced 
factors[4]. OP significantly decreases the quality of life 
of the person with rheumatic disease but the clinical 
manifestations of OP are not typical. Glucocorticoid-
induced osteoporosis (GIOP) accounts for 5.0%-61.9% 
of adult rheumatic disease[5]. Although OP has a high 
rate of prevalence among rheumatic disease patients, 
most patients do not receive adequate diagnostic 
evaluation and drug therapy. This article focuses on 
the relationship between rheumatic diseases and OP.

DATA SOURCES AND SEARCHES
A systematic search of the literature (from January 1, 
1990 to August 31, 2014) was performed using the 
PubMed and Cochrane databases. We also searched 
for previously published systematic literature reviews. 

The following keywords were used for the search: 
“rheumatic disease” and “bone mineral mass” or 
“osteoporosis”; “rheumatoid arthritis” and “bone 
mineral mass” or “osteoporosis”; “systemic lupus 
erythematosus” and “bone mineral mass” or ”
osteoporosis”; “ankylosing spondylitis” and “bone 
mineral mass” or ”osteoporosis”; ”systemic sclerosis“ 
and “bone mineral mass” or ”osteoporosis”.

Study inclusion/exclusion criteria 
The literature search was performed independently 

by two of the authors and a consensus reached. 
The inclusion criteria for papers were as follows: (1) 
studies in English; (2) full text of articles available; 
(3) human patients with rheumatic disease; (4) 
randomized controlled clinical trials; and (5) diagnostic 
criteria of different rheumatic diseases met respective 
international diagnostic criteria. The exclusion 
criteria were as follows: (1) case reports; (2) reader 
comments; (3) duplicate publications; (4) literature 
without original data; and (5) studies with < 20 
patients.

OP IN SLE
Prevalence and sex
SLE is characterized by a variety of clinical mani-
festations, a spectrum of autoantibodies and a 
multisystem involvement. There are debates about 
OP in SLE. The main controversies are about the 
prevalence of OP and the secondary debate is the 
dependence of glucocorticoids (GCs). However, all 
studies have demonstrated that bone loss is more 
common in patients with SLE than in the healthy 
human. Several cross-sectional studies have evaluated 
BMD and the prevalence of OP in SLE patients. There 
was a difference in the prevalence of OP in these 
studies but the results suggest a generalized reduction 
in BMD[6]. The reported prevalence of osteopenia 
is 25%-74%, while that of OP is 1.4%-68%[7]. 
SLE influences mainly reproductive females and is 
affected by the change of sex hormones. For women, 
osteopenia was found in 40% of patients, while OP was 
found in only 5%. Low body mass index (BMI), long-
term disease damage and corticosteroid treatment 
were risk factors for low BMD in premenopausal SLE 
patients. Lumbar and femoral BMD of premenopausal 
patients with SLE was decreased and related to 
disease damage and long-term corticosteroid 
therapy[8-13]. For postmenopausal SLE patients with 
long-term GC treatment, OP is always a common 
and terrible problem. The prevalence of lumbar 
spine OP is as high as 48%[14,15]. Recently, a cross-
sectional study investigated BMD in 67 women with 
SLE in a Mediterranean region and reported that the 
prevalence of osteopenia was 28%-46% and OP was 
3%-9%[16]. For men, although a few studies of OP in 
SLE have been reported, they have come to different 
conclusions. Two studies showed that bone mass in 
men with SLE was not decreased despite corticosteroid 
therapy[17,18]. Another study reported different results, 
that low BMD and low body mass were prevalent for 
males with SLE. When SLE patients were compared 
with healthy controls, the Z scores of BMD at the 
femoral neck and spine were significantly lower in 
SLE[19]. A recent cross-sectional and longitudinal study 
indicated that juvenile SLE patients had low bone 
mass and a decreased peak bone mass and juvenile-
onset SLE had a high risk of OP in early adulthood[20]. 
Another longitudinal study of OP in juvenile SLE 
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indicated that BMD had a significant inverse correlation 
with the cumulative dose of corticosteroids[21].

Risk factors
The reason for OP in SLE is considered to be multi-
factorial and includes inflammation, immune-mediated 
mechanisms, traditional OP risk factors, metabolic 
factors, serological factors and drug-induced adverse 
effects (Figure 1)[7]. 

The inflammation associated with active disease 
contributes to the development of OP in SLE. Recent 
literature has affirmed an association between low 
BMD and the inflammatory feature of SLE. Several 
inflammation markers, such as tumor necrosis factor 
(TNF)-α, interleukin (IL)-1 and IL-6, can induce 
osteoclastogenesis which promotes the proliferation 
of precursor osteoclastic cells or activation of differ-
entiated osteoclasts[22]. Different studies have 
provided different views of the pathogenesis of 
inflammatory bone loss but now it is considered 
that the key osteoclastogenic cytokine, receptor 
activator of nuclear factor-ĸB ligand (RANKL), plays 
an important role in the balance of osteoclasts and 
osteoblasts. Osteoprotegerin (OPG) is the physiological 
decoy receptor that moderates the biological 
activity of RANKL[23]. SLE is a systemic autoimmune 
inflammatory disorder with increasing serum TNF-α, 
IL-1 and IL-6. These cytokines can increase and induce 
RANKL expression[23,24]. The serum level of oxidized 
low-density lipoprotein (LDL) is increased in SLE[25]. 

Oxidized lipids can induce increased production of 
RANKL and TNF by activating T cells. Both RANKL 
and TNF increase the activity and maturation of 
osteoclasts[26]. A 5 year follow up study demonstrated 
that SLE patients had significant BMD loss in the 
femoral neck and hip. Disease activity and new organ 
damage could result in bone loss and new organ 
involvement was an independent predictor of bone loss 
at the femoral neck[27]. 

Immune-mediated mechanisms are associated 
with OP of SLE and SLE per se contributes to the 

deterioration in bone density, cortical microstructure 
and bone strength. SLE patients without GC treatment 
have a significantly lower real BMD at the femoral neck 
and hip and diminished radial total volumetric BMD 
and cortical area and thickness when compared with 
controls[28]. SLE is marked by both humoral and cellular 
abnormalities, including multiple autoantibodies that 
may participate in the disease. The absence of anti-
SSA and presence of anti-Sm were associated with 
higher BMD in the lumbar spine. The patients with 
positive anti-SSA were generally advised to avoid sun 
exposure,  which may explain the relationship between 
the absence of anti-SSA and lower bone loss[14]. 
Higher serum anti-double-stranded DNA level was an 
independent predictor of a higher 10 year probability 
of hip fracture and this reinforced the concept that 
the inflammatory state as reflected by high SLE 
disease activity might be an important driver for 
bone loss[29]. Although clinical studies could not make 
a conclusion about an association between disease 
activity score and low BMD, low C4 levels could predict 
low spine BMD in SLE[30]. The relationship between 
organ damage and bone loss was reported by several 
studies, organ damage resulted in bone loss at both 
the femoral and the lumbar level, and the relationship 
between cumulative disease damage and reduced 
BMD is independent of corticosteroid use[31,32].

Metabolic factors are also risk factors for OP. 
Vitamin D deficiency, hyperhomocysteinemia and low 
thyroid activities are metabolic conditions that can 
induce bone loss in SLE. Vitamin D is a secosteroid 
hormone that regulates calcium homeostasis, 
bone mineralization and remodeling, as well as 
neuromuscular function. Many studies in the past 
decade have reported increased frequency of vitamin 
D deficiency among patients with SLE[33-37]. The 
prevalence of vitamin D insufficiency in SLE patients 
ranged from 16% to 96% and the prevalence of 
vitamin D deficiency ranged from 4% to 54%[38]. A 
number of factors contributed, such as avoidance 
of sunshine as a result of photosensitivity, dark skin 
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Figure 1  Risk factors of osteoporosis in systemic lupus 
erythematosus. SLE: Systemic lupus erythematosus; IL-6: 
Interleukin-6; TNF: Tumor necrosis factor; CRP: C-reactive 
protein; RANKL: Receptor activator of nuclear factor-ĸB 
ligand; LDL: Low-density lipoprotein; BMI: Body mass index; 
Anti-Sm: Anti-Smith; Anti-dsDNA: Anti-double-stranded DNA.
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leading to impairment of the normal physiological 
effects of vitamin D[51,52]. Other drugs used for SLE 
that play a role in bone loss are methotrexate (MTX), 
cyclophosphamide, anticonvulsants, oral anticoagulants 
and heparin[53].

OP IN RA
Prevalence and sex
RA is a chronic inflammatory disorder in which an 
erosive, symmetric joint disorder maintains the 
center stage accompanied by a variable, but at times 
prominent, degree of extra-articular involvement. The 
inflammatory synovitis and damage of cartilage and 
bone is characteristic of RA patients. Bone involvement 
includes three types: periarticular osteopenia, bone 
erosion and systemic OP. There are two types of 
OP in RA: localized, occurring near to the site of 
inflamed joints, or generalized, involving the systemic 
bone. Local or periarticular bone loss is the typical 
radiographic sign in early RA. Systemic OP is prevalent 
in RA. So far, the use of biological therapy has not 
decreased the prevalence of OP in RA. RA patients 
have a lower bone mass in the appendicular and 
axial skeleton when compared with healthy controls, 
according to the conclusion of 10 cross-sectional 
studies[54]. There was a twofold increase in RA in 
women aged 20-70 years. The prevalence of OP was 
16.8% in the lumbar spine and 14.7% in the femur. It 
reached 31.5% in the lumbar spine and 28.6% in the 
femur for women aged 60-70 years[55]. A multicenter 
cross-sectional study of RA and BMD indicated that the 
frequency of OP as assessed by DEXA was 28.8% at 
the lumbar spine and 36.2% at the femoral neck[56]. A 
longitudinal study indicated that BMD loss was lower 
in men[57]. A large study with 94 male RA patients 
concluded that a modest reduction in BMD was found 
only in patients aged 60-70 years. The percentage 
of BMD reduction in the femoral neck was 5.2% and 
the reduction in the hip was 6.9%, with no change in 
the spine. Despite a moderately low BMD, this report 
showed that the ratio of reduced BMD in men with RA 
was nearly twofold higher than in the control group[58].

Risk factors
The reason for OP in RA patients is also multifactorial: 
factors related to the disease itself, antirheumatic 
drug use and traditional factors, such as low BMI, 
menopausal status, age and lack of physical exercise 
(Figure 2). 

Local periarticular OP really reflects disease 
activity in early RA because the acute phase reac-
tants are closely related to this phenomenon, but 
once periarticular OP appears, it is no longer a sign 
of disease activity[59]. Generalized OP is a feature 
of established RA. Some literatures have shown 
an association between OP and proinflammatory 
cytokines, such as TNF-α, IL-1 and IL-6[60], and 
these cytokines were independent risk factors of 

pigment, sun screen precautions, disease activity, 
renal failure, use of drugs, such as GCs, antimalarial 
and antiepileptic agents, and anti-vitamin D antibodies. 
Homocysteine (Hcy) modulates bone remodeling via 
several mechanisms, such as increased osteoclast 
activity, decreased osteoblast activity and direct action 
on the bone matrix[39]. SLE patients have an increased 
level of plasma Hcy[40,41] but no studies demonstrated 
an association between hyperhomocysteinemia and OP 
in SLE[42]. 

The traditional factors, including age, low body weight 
and postmenopausal status, are all independent 
risk factors for OP in SLE. It is unclear if sex and 
ethnicity have an effect on bone loss in SLE; African-
American women have lower hip and lumbar spine 
BMD compared with white women with SLE[43]. 
The prevalence of OP in Chinese SLE patients with 
corticosteroids is 4%-6%, less than that reported in 
Caucasians (12%-18%)[11]. Two studies have shown 
that white and non-African Caribbean races were a risk 
factor for OP in SLE patients[44,45]. Daily dietary calcium 
intake did not correlate with BMD in premenopausal 
women with SLE[46]. Smoking and alcohol have not 
been reported as risk factors for OP in lupus[13,47] but 
alcohol use was associated with low BMD in Hong Kong 
men with lupus[19]. 

Hormonal factors, for example, include the signi-
ficant positive relationship between serum dehyd-
roepiandrosterone sulfate and low BMD[48]. 

The last factor is drug-induced adverse effects 
in SLE therapy. GCs are widely used for the therapy 
of SLE exacerbations and complications. GCs are a 
double-edged sword with respect to bone loss, are 
associated with the development of OP and fracture 
and can trigger significant bone loss. At the same 
time, they have good effects by controlling disease 
activity and systemic inflammation in bone[7]. A dose-
dependent relationship has been demonstrated 
between GC use and spinal bone loss in SLE. Signi-
ficant bone loss was observed in the lumbar spine 
for SLE patients with a mean prednisolone dose of 
> 7.5 mg/d, but this phenomenon was not found in 
the hip[12]. Hydroxychloroquine (HCQ) may act by 
inhibiting the change of 25-hydroxyvitamin D into 
1,25-dihydroxyvitamin D. An earlier study found 
that patients with SLE treated with HCQ had lower 
1,25-dihydroxyvitamin D levels, although there were 
no differences in circulating 25-hydroxyvitamin D 
levels between treated and untreated patients[34]. 
In contrast, some studies have shown that HCQ is a 
protecting factor for OP[49]. It has been demonstrated 
that the treatment of HCQ is related to higher levels 
of 25-hydroxyvitamin D, which was probably a spur-
ious effect of the drug at the expense of reducing 
the metabolically active form 1,25-dihydroxyvitamin 
D[50]. Calcineurin inhibitors, such as cyclosporine 
A and tacrolimus, have been increasingly used in 
patients with SLE. The use of the calcineurin inhibitors 
may potentially lead to a vitamin D resistant state, 
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disease activity. IL-1 and IL-6, secreted by activated 
macrophages, synovial fibroblasts and T cells, result 
in synovial inflammation, bone damage and systemic 
manifestations of RA[61,62]. Inflammation has an 
uncoupling effect on bone resorption and formation. 
In patients with active compared to inactive RA, bone 
resorption was increased, whereas bone formation 
was decreased. These cytokines are closely associated 
with osteoclast physiology as they extend survival 
and improve the activity of mature osteoclasts, 
mainly through RANKL-mediated and Wnt-signaling 
pathways[63]. Anti-inflammatory treatment, especially 
with biological agents, in early RA reduces the rate of 
bone loss[64]. However, there are some debates about 
the relationship between inflammation and bone loss 
in RA and recent data show that bone loss starts 
before inflammation and clinical disease[65]. 

Osteoimmunology has attracted increased research 
attention and RA is also an autoimmune disease. There 
are many autoantibodies in RA, such as those against 
citrullinated proteins antibody (ACPA) and rheumatoid 
factor (RF). There are many data supporting the role of 
autoimmunity in bone destruction in RA. In RA, ACPA 
is an important prognostic factor. ACPA has a direct 
and independent stimulating effect on osteoclasts 
and induces elevated bone resorption[66]. Bone loss 
occurs in RA patients displaying ACPA without signs of 
inflammation[67]. ACPA-positive patients generally have 
not only higher disease activity and disability, but also 
more radiological damage[67,68]. Healthy individuals with 
ACPA have low BMD compared with controls without 
ACPA and the thickness of cortical bone is significantly 
lower in healthy individuals positive for ACPA[67]. The 
frequency of OP and lower BMD is higher in RF-positive 
patients[55,69] and patients with high C-reactive protein 
(CRP) levels (> 20 mg/dL) are more likely to have a 
low BMD in the spine and hips[57]. Immobility related to 
joint pain or damage aggravates bone loss[70]. Disease-
related disability, assessed by Health Assessment 
Questionnaire (HAQ) score, has nothing to do with 
BMD in the lumbar spine but is inversely related to 
BMD in the femoral neck and whole body[71,72]. Disease 
activity and duration are also risk factors in RA and 
disease activity is the only reason for BMD loss in the 
lumbar spine. When active RA lasting more than 2 

years is compared to inactive RA, mean bone loss in 
the former is higher.

The use of antirheumatic drugs plays an important 
role in OP in RA. There are some debates about 
the role of GCs in RA: on the one hand, low-dose 
corticosteroid therapy is associated with increased 
bone loss and fracture risk, but on the other hand, 
it effectively controls systemic inflammation. GIOP 
is the most common form of secondary OP. GCs can 
affect bone by several direct and indirect ways and 
affect both bone formation and resorption. Although 
high doses of GCs are related to bone loss, it is well 
known that GCs have a strong anti-inflammatory 
effect and low-dose GCs reduce localized bone loss 
in the hands. In RA patients with low doses of GCs or 
with rapidly tapered high-to-moderate dose induction 
therapy, the direct adverse effect of GCs on bone is 
counteracted by strong suppression of inflammation 
by GCs[73-75]. The accumulative dose of steroids is 
more important for OP and there is no threshold dose. 
Disease-modifying antirheumatic drugs (DMARDs) 
have anti-inflammatory and structure-modifying 
properties, leading to better disease control in RA. 
Traditional DMARDs include MTX, leflunomide (LEF), 
sulfasalazine (SSZ), HCQ and gold agents. MTX is 
considered to be the cornerstone of RA treatment and 
is the most widely used agent. Osteopathy is reported 
in patients with malignant diseases treated with high-
dose MTX; mostly reported in children with long-term 
maintenance therapy of MTX for acute leukemia[76]. 
For postmenopausal women, MTX may be associated 
with OP because bone biopsy samples are consistent 
with osteoblast inhibition as a consequence of MTX 
action on the bone cells in RA patients when given at 
low doses for prolonged periods[77]. Recently, more and 
more studies have shown no association between low-
dose MTX and bone loss and multivariate covariance 
analysis has shown that reduced BMD is due to disease 
severity and activity and not to a direct negative effect 
of MTX on bone[78-80]. The use of low-dose MTX was 
not associated with any change in BMD in patients 
without corticosteroid treatment[81]. MTX seems to 
have some direct effects on bone metabolism and its 
anti-inflammatory effects reduce the negative effect 
of RA on bone. LEF is an isoxazole derivative that 
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inhibits the mitochondrial enzyme dihydroorotate 
dehydrogenase and prevents bone loss by its active 
metabolite that can inhibit osteoclastogenesis and 
osteoclast function[82]. LEF can slow radiographic 
progression, both in terms of erosion and joint space 
narrowing. In vitro, SSZ inhibited osteoclastogenesis 
by acting on osteoclast precursor cells and regulating 
the RANKL-RANK-OPG interaction, primarily by 
reducing expression of RANKL on synovial fibroblasts 
and increasing expression of OPG[83]. No studies have 
investigated whether LEF and SSZ have a sparing effect 
on BMD or bone strength in RA. Biological DMARDs 
dramatically improve inflammatory arthritis treatment 
and prognosis. Biological agents include TNF-α blockers 
(infliximab, adalimumab, etanercept, certolizumab 
and golimumab), agents counteracting B cell activity 
(rituximab) and T cell activation (abatacept), and anti-
IL-6 agents (tocilizumab). All TNF-α blockers reduce 
the progression and formation of joint erosion and joint 
space narrowing. Infliximab[84,85], adalimumab[86-88], 
etanercept[89-91] and rituximab[92] can counteract local 
bone erosion and generalized bone loss. Tocilizumab 
has a positive, corrective effect on bone balance. It 
induces a significant decrease in bone resorption, 
rebalances bone turnover and increases the BMD of 
RA patients who have osteopenia at baseline[93,94]. 
Fundamental studies have elucidated that inflammatory 
cytokines induce osteoclastogenesis through upre-
gulation of RANKL, with subsequent activation of 
osteoclastogenesis which plays key role in bone loss 
in RA. Biological agents improve bone formation and 
reduce bone resorption by controlling active disease 
and inflammatory cytokine production[95]. 

Traditional factors result in osteoporosis in RA. 
Both postmenopausal women and men with RA 
have a prevalence of OP. The percentage of OP in 
postmenopausal women is 55.7% and 50.5% in men, 
with the prevalence of OP higher than in premen-
opausal women (18%). OP risk factors are strongly 
dependent on gender and menopausal state[96]. Female 
sex, increasing age, years since menopause, low 
weight, familial OP and low BMI are risk factors for 
osteopenia in patients with RA[57,97-99]. 

OP IN SPONDYLOARTHRITIS
Spondyloarthritis (SpA) comprises a group of inflam-
matory diseases, such as psoriatic arthritis (PsA), 
reactive arthritis (Reiter’s syndrome), enteropathic 
arthritis, undifferentiated spondyloarthropathy and AS. 
These diseases have some common characteristics, 
including imaging features, clinical manifestation and 
laboratory findings. Both sacroiliac joints and spine can 
be involved and to different degrees, peripheral joints.  

Prevalence and sex
AS is the prototype of SpA and the most frequent 
subtype. AS mainly involves the axial joints, especially 
the sacroiliac joints. The spine, peripheral joints 

and enthuses can be affected to various degrees. 
Extraosseous new bone formation is considered a 
hallmark of AS. Although bone formation may affect 
the detection of BMD, OP always occurs in the early 
period of AS. The reported prevalence of OP varies 
from 19% to 62% in AS maybe because new bone 
formation and age distribution of the study cohorts 
make detecting BMD difficult[100]. It was reported that 
the prevalence of OP in patients with early AS within 
10 years after diagnosis was unexpected; 13% in the 
femoral neck and 16% in the lumbar spine[101]. AS 
mainly affects young men and men with AS have had 
an annual total bone mass loss of 2.2% in longitudinal 
studies[102]. Male patients with AS have decreased BMD 
in their lumbar spine and femoral neck, and femoral 
neck BMD in male AS patients is 10% lower than in 
age-matched male controls[103,104]. 

In women, one study found a slight reduction in 
BMD in premenopausal women with early AS, but 
the difference was not significant[105]. Another study 
to assess BMD of the hip and spine by DEXA and 
calcaneal quantitative ultrasound in women with AS 
showed that women with AS had reduced hip BMD 
and significantly fewer markers of bone formation 
than controls[106]. In summary, OP is a significant 
complication in AS and significant OP can occur even in 
early disease. The spine is more likely to be damaged 
than the femur, with the spine still the most important 
site to diagnose OP in AS.

Risk factors
There are several reasons for OP in AS, such as 
proinflammatory cytokines, acute phase reactants, 
immobility, vitamin D, sex hormones, age and disease 
duration. 

The systemic inflammatory cytokines are the core 
of OP during AS. Maybe inflammation of the entheses 
and synovium increase secretion of proinflammatory 
cytokines. Cytokines are a link between local and 
systemic inflammation on the one hand and result 
in bone resorption and BMD reduction on the other 
hand. IL-6, IL-1 and TNF-α are well-known osteoclast 
activators and play an important role in inflammation 
in AS. The RANK-RANKL system and its natural 
inhibitor OPG may be the key in bone-cytokine in-
terrelationships. There is a strong correlation bet-
ween bone turnover, proinflammatory cytokines and 
acute-phase reactants, for example  erythrocyte 
sedimentation rate (ESR)[107]. Low BMD is related 
to high biochemical markers of bone resorption, 
inflammatory activity and low OPG serum levels in 
AS patients[108]. Longer disease duration, Bath AS 
Functional Index (BASFI) and Bath AS Disease Activity 
Index are also factors associated with OP[100]. Low 
hip BMD was related to low BMI and high BASFI and 
Bath AS Radiology Index-total (BASRI-t) score and 
low lateral spinal BMD was associated with BASRI-t 
score[109]. In addition, high disease burden, immobility 
and syndesmophyte formation increased the risk of 
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OP[110].
Genetic factors and FokI genotypes of the vitamin 

D receptor gene were significantly associated with the 
spine as independent predictors of low BMD, which 
was also affected by BMI, inflammatory level and 
degree of pain. CRP and ESR values were also closely 
related to FokI genotypes in male AS patients[111]. 

Metabolic factors are also risk factors for OP 
in AS. Bone loss is correlated with low serum sex 
steroid hormone levels in AS[107,108,112]. Bone loss in 
AS is associated with endocrine mechanisms such as 
parathyroid hormone, impaired calcium and vitamin D 
absorption[113]. 

In AS, traditional risk factors including a positive 
family history, older age, low BMI, Caucasian race, 
postmenopausal status in women or low androgen 
levels in men, low dietary calcium intake and vitamin 
D deficiency are risk factors for OP[107].

Therapy for AS mainly involves nonsteroidal 
anti-inflammatory drugs (NSAIDs), corticosteroids, 
biological agents including infliximab, etanercept, 
adalimumab and anakinra, and conventional DMARDs, 
including MTX, SSZ and LEF. Some NSAIDs inhibit 
prostaglandin synthesis which has anabolic effects on 
bone and is thought to be related to higher BMD in 
men and women[16,114]. However, 16 patients continued 
NSAIDs during the 24 mo follow-up period and data 
were inconclusive on the effect of NSAID use on 
BMD[115]. Studies have shown that TNF-α blockers 
prevent systemic inflammation-induced bone loss in AS 
or SpA[116-119]. In a larger cohort of 106 patients with 
SpA receiving infliximab or etanercept, patients had 
great improvement in the spine and hip BMD scores; 
the mean BMD scores in the lumbar spine reached 
5.8% and increased by 2.3% in the total femur after 
2 years follow-up[120]. A recent study included seven 
longitudinal studies and one randomized control trial 
and studied the effect of TNF inhibitors on BMD in 
568 AS patients with a minimum follow-up period of 
1 year. They found that lumbar spine BMD increased 
by 5.1% and total hip BMD increased by 1.8% after 1 
year of treatment with TNF inhibitors and lumbar spine 
BMD increased by 8.6% and total hip BMD increased 
by 2.5% after 2 years. So, they concluded that TNF 
inhibitors maintain femoral neck BMD homeostasis and 
increase BMD in the lumbar spine and hip for up to 2 
years[121]. Corticosteroids are used less often in AS so 
there have been few studies about GCs and OP in AS. 
We have not searched the literature about change of 
BMD in AS after using DMARDs treatment until now. 
Drug-related factors play an important role in OP for 
AS.

OP in other types of SpA
There are only a few studies about bone loss in other 
forms of SpA such as PsA in OP. The involvement of 
bone in PsA affects not only mechanisms of bone loss 
but also bone formation. Periarticular bone loss and 

general bone loss are present. PsA patients were found 
to have periarticular bone loss in early disease but 
overall BMD values are higher than in RA patients[122]. 
There are conflicting data about bone loss and bone 
turnover markers in patients with PsA, with some 
studies showing evidence of association with low BMD 
and some not, especially systemic OP[123]. Some clinical 
studies conclude that BMD in patients with PsA has no 
significant decrease[124-126], but bone biopsies suggest 
a latent high osteopathy[127]. Recently, some literatures 
have indicated that the prevalence of OP increased 
in PsA patients, especially those with longer disease 
duration and disability[128,129]. When PsA patients 
were compared with age-matched controls, BMD in 
the femoral neck and lumbar spine was found to be 
reduced[130]. Bone demineralization occurs in 11% of 
young women, 47% of postmenopausal women and 
29% men with non-axial PsA. OP is related to HAQ 
score, reflecting articular function[131]. 

OP IN OTHER RHEUMATIC DISEASES
SSc, dermatomyositis (DM)/polymyositis (PM) and 
Behcet’s disease (BD) are also rheumatic diseases 
associated with OP. 

OP in SSc
SSc is characterized by skin thickening and fibrosis. 
SSc can be classified into two subsets: diffuse 
and limited cutaneous SSc. Before 2004, a review 
concluded that it was unknown if patients with 
scleroderma have an increased prevalence of OP[132]. 
Recently, another review analyzed 19 studies about 
BMD in SSc. Fifteen studies found that the prevalence 
of BMD was 27%-53.3% and that of OP was 3%-51.1% 
in SSc patients compared to controls. Ten studies 
reported a lower BMD in SSc patients and two studies 
suggested no difference. It was concluded that SSc 
patients had a risk of low BMD and fracture. The cause 
of OP was complex, involving traditional factors, SSc-
specific risk factors and drug-related factors[133]. After 
2012, a Chinese study indicated that the whole body 
BMD of SSc patients was much lower than controls 
and there was no association between BMD and the 
severity of involvement of the skin and other systems, 
while advanced age, sex, menopause and low BMI 
were independently correlated with bone loss in 
the spine or hip in SSc patients[134]. An Italian study 
reported that the BMD of SSc patients was significantly 
lower than controls in the lumbar spine, femoral neck 
and total femur and serum 25 hydroxyvitamin D3 was 
significantly lower. In scleroderma patients, serum 
levels of 25 hydroxyvitamin D3 were greatly associated 
with parathyroid hormone levels, BMD, stiffness index 
and bone turnover markers[135]. A study about Spanish 
SSc patients showed that the prevalence of OP/
osteopenia was high, reaching 77% in SSc patients, 
but there was no relationship between vitamin D and 
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low BMD[136]. A cross-sectional study suggested that 
the prevalence of OP was 30% and fractures was 35% 
in SSc patients, they were higher than healthy controls 
(11% and 10%) and the degree was very similar to RA 
(32% and 33%). Age and vitamin D deficiency were 
thought to be risk factors for fracture in SSc[137]. So far, 
SSc patients have a high risk of OP but the risk factors 
need further study.

OP in DM/PM
DM/PM are uncommon idiopathic and autoimmune 
myopathies with characteristic clinical symptoms of 
proximal symmetric muscle weakness, rashes and 
fatigue. OP/fracture is found in about one quarter 
of adult DM/PM patients. This bone alteration was 
correlated with lower BMI[138]. Most studies support 
decreased bone density in juvenile DM patients[139,140]. 
Low lean body mass and GC pulse treatment were 
the important factors for low hip BMD in juvenile DM 
patients[141] and the RANKL/OPG ratio is elevated in 
children with juvenile DM[142].

OP in BD
BD is a multisystem vasculitis. BD may be a risk factor 
for OP because the BMD in the lumbar spine is lower 
than in healthy controls. The serum levels of cytokines 
such as IL-1, IL-6, IL-2 and TNF-α are increased in BD 
and there is a negative correlation between IL-1 levels 
and femur neck BMD[143]. On the contrary, two studies 
showed no significant BMD reduction in the lumbar 
spine and hip of BD patients[144,145].

CONCLUSION
In summary, inflammatory rheumatic diseases are 
always accompanied by elevated bone loss and 
increased fracture rates. Attention should be paid 
to bone loss in rheumatic disease. OP in rheumatic 
disease is complex. Several factors take part in this 
process, such as the disease itself and traditional, 
metabolic and drug-related factors. Osteoimmunology, 
a crosstalk between inflammatory and skeletal 
component cells, has given some perceptions to the 
pathogenic mechanism of OP in systemic inflammatory 
diseases. Chronic inflammation plays a key role in OP 
for rheumatic disease and inflammatory cytokines 
regulate the homeostasis between bone formation and 
resorption. Fundamental studies have demonstrated 
that the RANKL-OPG system plays a major role in 
bone loss and inflammatory cytokines upregulate 
RANKL, which further activates osteoclastogenesis, 
resulting in OP. Clinical studies have shown that 
effective immunosuppressive therapy prevents bone 
loss. Thus, the first step to prevent OP and fractures 
is to control primary rheumatic disease activity. Apart 
from that, a healthy lifestyle is important with calcium 
and vitamin D supplementation and prevention of falls. 
Bisphosphonates or denosumab might be necessary 

for patients with a low T score.
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Abstract
Diagnosis of anti-neutrophil cytoplasmic antibodies 
(ANCA)-associated vasculitis is usually not difficult 
in patient with systemic disease, including lung 
and kidneys involvement, and laboratory signs of 
inflammation. The presence of ANCA and the results 
of histological investigation confirm diagnosis of ANCA-
associated vasculitis. Cyclophosphamide/azathioprine 
in combination with high dose steroids are used to 
induce and maintain remission of systemic vasculitis. 
The clinical trials also showed efficacy of rituximab that 
induces depletion of B-cells. Our understanding and 
management of ANCA-associated vasculitis improved 
significantly over the last decades but there is still a 

lot of debate over its classification, diagnostic criteria, 
assessment of activity and optimum treatment.

Key words: Systemic vasculitis; Anti-neutrophil cyto-
plasmic antibodies; Granulomatosis with polyangiitis; 
Microscopic polyangiitis

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The diagnosis and treatment of anti-neutro-
phil cytoplasmic antibodies-associated vasculitis are 
a challenge for physicians. This article presents an 
updated information about these uncommon diseases.

Moiseev SV, Novikov PI. Classification, diagnosis and treatment 
of ANCA-associated vasculitis. World J Rheumatol 2015; 5(1): 
36-44  Available from: URL: http://www.wjgnet.com/2220-3214/
full/v5/i1/36.htm  DOI: http://dx.doi.org/10.5499/wjr.v5.i1.36

INTRODUCTION
Systemic vasculitides associated with anti-neutrophil 
cytoplasmic autoantibodies (ANCA) include granu-
lomatosis with polyangiitis (Wegener’s; GPA), 
microscopic polyangiitis (MPA) and eosinophilic 
granulomatosis with polyangiitis (Churg-Strauss; 
EGPA). The annual incidence of ANCA-associated 
vasculitides is 10 to 20 cases per 1000000 of the 
general population[1,2]. The relative incidence depends 
on the geographic region, e.g., in Europe GPA is 
more prevalent than MPA while the opposite is true 
in Japan[3]. The circulation of ANCA is the distinctive 
feature of all three ANCA-associated vasculitides 
though these autoantibodies are present only in 
part of patients, are not obligatory classification 
criterium and may be detected in patients with other 
diseases, including infective endocarditis[4]. In vitro 
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and in vivo studies suggest that ANCA are essential 
fo the development of ANCA-associated vasculitis. 
Interaction of autoantibodies with antigens expressed 
by neutrophils (and mononuclear cells) induces 
activation of cells and inflammatory response that 
ultimately leads to necrotic changes in vascular walls 
and surrounding tissues[5]. In these review we focused 
on GPA and MPA that have many common features 
and do not discuss EGPA.

CLASSIFICATION AND NOMENCLATURE 
OF ANCA-ASSOCIATED VASCULITIDES
The modern nomenclature of systemic vasculitides 
was developed in 2012 at the consensus conference 
in Chapel-Hill (United States)[6]. According to the 
current definition ANCA-associated vasculitis is 
predominantly small-vessel necrotizing vasculitis 
associated with autoantibodies for myeloperoxidase 
(MPO) or proteinase-3 (PR3)[7]. In patients with MPA 
inflammation involves practically exclusively vessels 
walls, mainly in kidneys and lungs, while in GPA (as 
is in EGPA) vasculitis is associated with extravas-
cular necrotizing granulomatous inflammation of 
tissues, e.g., of upper and/or lower respiratory tract. 
Necrotizing glomerulonephritis is common in patients 
with both ANCA-associated vasculitides, especially in 
MPA.

The current classification of ANCA-associated 
vasculitides may be revised in the future. Lionaki et 
al[7] showed in 502 patients with ANCA-associated 
vasculitides that ANCA-specificity predicted the risk 
of relapse while the clinical phenotype had lower 
predictive value[7]. In patients with PR3-ANCA the risk 
of relapse was almost twice higher than in patients 
with MPO-ANCA (OR = 1.89; 95%CI: 1.33-2.69) 
though ANCA-specificity did not predict the resistance 
to standard treatment or the risk of end-stage renal 
failure and death. These data suggest that ANCA-
specificity may be a valuable classification criterium, 
e.g., PR3-ANCA- and MPO-ANCA-associated vasculitis, 
though the obvious limitation of such approach is the 
absence of autoantibodies in significant number of 
patients. 

The genetic studies confirmed the possible signi-
ficance of ANCA-specificity for MPO and PR3 in disease 
recognition and prognosis. Lyons et al[8] in a large-
scale study in 2687 patients with GPA or MPA and 
7550 control patients have detected close association 
of PR3-ANCA with HLA-DP and genes that coded α1-
antitrypsin (SERPINA1) and PR3 (PRTN3), while MPO-
ANCA were associated with HLA-DQ[8]. Meanwhile the 
association of clinical syndromes with genetic factors 
was less significant. 

Recently the researchers from the French Vasculitis 
Study Group (FVSG) and the European Vasculitis 
Society (EUVAS) have performed cluster analysis 
in 673 subjects with GPA (59%) and MPA (41%)[9]. 

Five partially redundant clusters were founed, e.g., 
“renal vasculitis with PR3-ANCA” (40% of subjects), 
“renal vasculitis without PR3-ANCA” (32%), “nonrenal 
vasculitis” (12%), “cardiovascular vasculitis” (9%) 
and “gastrointestinal vasculitis” (7%). The five 
phenotypes had distinct relapse rates and mortality. 
The non-renal ANCA-associated vasculitis class (this 
group predominantly consisted of patients with GPA) 
was characterized by the lowest risk of death and 
the highest risk of relapse and was chosen as the 
reference group. Kidney disease was associated with 
2 to 4-fold lower relapse risk compared to reference 
group while the death risk was increased significantly 
only in patients with renal vasculitis without PR3-ANCA. 
Cardiovascular disease had unfavorable prognosis and 
was associated with the highest risk of death and the 
relapse rate comparable to that in non-renal ANCA-
associated vasculitis. The authors suggested that a 
classification based on kidney involvement and ANCA 
specificity, and perhaps also gastrointestinal and 
cardiovascular diseases, may lead to more accurate 
stratification of patients into homogeneous disease 
groups though the clinical relevance of this approach 
requires further validation.

DIAGNOSTIC CRITERIA
There are no accepted criteria for the diagnosis of 
ANCA-associated vasculitis. The criteria developed 
by the American College of Rheumatology (ACR) in 
1990[10] can be used for classification of systemic 
vasculitides, while the caterories that were defined 
in Chapel-Hill represent the nomenclature of these 
systemic diseases[6]. The ACR criteria performed 
badly in 198 patients who have been referred to 
rheumatologists with probable systemic vasculitis[11]. 
Moreover ACR classification did not include MPA. The 
Diagnostic and Classification Criteria for Vasculitis 
(DCVAS) study is a multinational observational study 
that was designed to develop diagnostic criteria for 
primary systemic vasculitis according to the guidelines 
of the ACR and the European League against 
Rheumatism (EULAR)[12]. The researchers anticipate 
to recruit > 2000 patients with primary systemic 
vasculitis and 1500 patients with other conditions that 
can mimic vasculitis. The study incorporates detailed 
clinical data, evaluation of ANCA and other laboratory 
parameters, biopsy and imaging data. As of April 
2014 more than 115 medical centers in Europe, North 
America, Russia, Asia, Australasia, and South America 
were contributing data to this study.

Though diagnostic criteria for systemic vasculitis 
are not established, ANCA-associated vasculitis can 
be usually suspected in patients with typical clinical 
manifestations, e.g., fever, joint pain, disease of 
upper and lower respiratory tract, kidney and other 
organs, and laboratory signs of inflammation (high 
ESR and C-reactive protein)[13]. GPA and MPA have 
overlapping features but show certain differences, e.g., 
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ear, nose and throat involvement is more common 
in GPA than in MPA. In addition, patients with GPA 
frequently present with extravascular granulomatous 
lesions that are not seen in MPA. Not all patients 
with ANCA-associated vasculitides will have biopsy, 
while the results of histological examination may be 
difficult to interpretate. Thus, the clinical equivalents 
of granulomatous inflammation should be taken 
into account, e.g., the following ones[14,15]: (1) lower 
respiratory tract and lung disease: persisting infiltrates, 
nodules and cavities, stenosis of bronchi; (2) upper 
respiratory tract disease: necrotising rhinitis with nasal 
bleedings and crusting, saddle nose deformity, chronic 
sinusitis (> 3 mo) and radiological damage, otitis 
media and mastoiditis; subglottic stenosis of trachea; 
and (3) orbital inflammatory pseudotumour.

ANCA-specificity has no decisive diagnostic value 
though PR3-ANCA are usually detected in GPA patients 
while MPO-ANCA are more common in MPA. In clinical 
practice it may be difficult to differentiate GPA and MPA 
but it is worth noting that nosological form, especially 
at the time of diagnosis, is less important for treatment 
decisions than the extent and severity of target organs 
damage. 

Diagnosis is usually more complicated in patients 
with localised GPA (up to 25% of cases) that involves 
ear, nose and throat, eyes and/or ears, especially if 
imaging methods show the presence of pseudotumour 
with destruction of orbital and nasal sinuses walls. 
In patients with isolated orbital mass that is not 
associated with systemic manifestations the diagnosis 
of GPA may be established only with biopsy or after 
resection of “tumour”. The presence of ANCA that can 
be detected with immunofluorescence method or ELISA 
contributes significantly to the diagnosis of ANCA-
associated vasculitis[16] though these autoantibodies can 
be negative or disappear during immunosuppressive 
treatment. Biopsy (nose, lung, kidney, etc.) can be 
used to confirm the diagnosis of systemic vasculitis but 
histological study is not necessary for all patients. 

ASSESSMENT OF ACTIVITY AND 
PROGNOSIS
The detection of ANCA is a valuable diagnostic 
test but their role as a marker of activity has not 
been established. Birck et al[17] in meta-analysis of 
22 studies in 950 patients with ANCA-associated 
vasculitides failed to confirm the value of serial ANCA 
titers for evaluation of activity[17]. In the cohort study 
PR3-ANCA levels also did not correlate with disease 
activity in 156 patients with GPA[18]. Nevertheless, 
the results of several studies suggest that detection 
of ANCA can predict relapse in patients with ANCA-
associated vasculitis. In 87 patients with GPA or MPA 
and PR3-antibodies ANCA-positivity at 18 and 24 mo 
of immunosuppressive treatment was associated with 
2.7 (95%CI: 1.1-4.3) and 4.6 (95%CI: 1.2-6.3)-fold 

increased risk of relapse during 5-year follow-up[19]. 
Tomasson et al[20] evaluated the predictive value of 
ANCA detection in meta-analysis of 18 trials that 
measured the levels of autoantibodies during follow-
up of patients. The persistence of ANCA-positivity 
increased the risk of relapse 2.84-fold (95%CI: 
1.65-4.90) while increase in ANCA level during 
treatment was associated with 1.97-fold (95%CI: 1.43- 
2.70) higher relapse rate. These data suggest that 
ANCA detection during immunosuppressive treatment 
may predict the relapse of ANCA-associated vasculitis 
though predictive power of a rise in or a persistence 
of ANCA is probably modest[4]. In at least 25% of 
patients there is no correlation between clinical signs 
of vasculitis and immunological parameters[21]. Thus 
treatment decisions cannot be based only on ANCA 
titers[21].

Monach et al[22] measured 28 serum proteins, 
including cytokines, soluble receptors, chemokines, 
markers of tissue damage and inflammation, at 
baseline and at 6 mo in 186 patients with active ANCA-
associated vasculitis who received immunosuppressive 
agents in RAVE study. At 6 mo 137 patients have 
achieved remission of vasculitis and showed signi-
ficant declines in 24 of the 28 studied biomarkers. 
ROC analysis suggested that CXCL13 (BCA-1), 
matrix metalloproteinase-3 and tissue inhibitor of 
metalloproteinases-1 levels best discriminated active 
vasculitis from remission (AUC > 0.8) and from 
healthy controls (AUC > 0.9). These proteins are the 
promising candidates for the future studies that would 
probably identify more reliable markers of activity and 
predictors of relapse of ANCA-associated vasculitis. 
Poor correlation of these markers with ESR or C-reactive 
protein (CRP) confirmed the low predictive value of 
the latters. Nevertheless the changes in ESR and CRP 
level during treatment should be taken into account 
especially if patients present with clinical signs of 
vasculitis relapse.

In 1994, Luqmani et al[23] in a study of 213 
consecutive patients with different forms of vasculitis 
have devised the Birmingham Vasculitis Activity Score 
(BVAS) as the clinical index of activity in systemic 
necrotizing vasculitis[23]. BVAS is widely used in 
clinical studies in patients with ANCA-associated 
vasculitides[24]. BVAS 3.0 includes 56 clinical signs and 
symptoms in nine separate organ systems[25]. Disease 
signs and symptoms are scored only when they are 
attributable to active systemic vasculitis and to other 
causes, such as infection, hypertension, toxic effects 
of treatment, and when they are new or deteriorate 
in the previous 28 d. BVAS 3.0 was recently validated 
in 238 patients from 7 European countries[26]. Higher 
BVAS value reflects activity and severity of systemic 
vasculitis and indicates unfavorable prognosis[27].

Vasculitis damage index (VDI) was developed to 
assess the irreversible tissue damage in systemic 
vasculitis and to account for the consequences of 
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infections (20%). Multivariable analysis showed an 
end-stage kidney disease, advancing age and higher 
BVAS were negative prognostic factors for patient 
survival.

In spite of considerable advances in treatment there 
is a high need in new immunosuppressive regimens 
as a significant proportion of patients are refractory to 
current therapies and around 50% develop a relapse 
within 5 years while more than 90% of patients 
accumulate irreversible damage associated with both 
vasculitis and prolonged immunosuppression[33].

The aim of treatment for ANCA-associated vascu-
litis is to induce (usually within 3 to 6 mo) and to 
maintain remission. Maintenance treatment should 
be continued for at least 2 years or frequently life-
long. The choice of the immunosuppressive regimen 
depends on activity, extent of damage and severity 
of visceral manifestations (e.g., kidney or lung 
disease) that can be fatal or disabling. It worth noting 
that patients with localised GPA can also require 
intensive immunosuppressive treatment taking into 
account the risk of serious outcomes (e.g., loss of 
vision or hearing, destruction of tissues) and/or 
generalization of vasculitis. In patients with active 
ANCA-associated vasculitis the current standard of 
care is cyclophosphamide oral (2 mg/kg daily) or 
intravenous (15 mg/kg every 2 wk for the first three 
doses and thereafter every 3 wk) administration in 
combination with high-dose glucocorticoids (0.5 to 
1 mg/kg orally ± one to three intravenous pulses of 
up to 1000 mg). Cyclophosphamide dose should be 
reduced by up to 25% in the elderly and in patients 
with renal impairment. Following induction of remission 
glucocorticoids should be tapered or discontinued while 
cyclophosphamide can be replaced with azathioprine 
or other immunosuppresive agents, e.g., methotrexate 
or more rarely leflunomide or mycophenolate mofetil. 
Co-trimoxazole 960 mg three times per week is 
frequently administered for prevention of Pneumocystis 
jiroveci infections that can induce relapse of systemic 
vasculitis. 

The efficacy of a sequential cyclophosphamide 
and azathioprine (2 mg/kg per day) treatment as 
an alternative to prolonged cyclophosphamide admi-
nistration was established in the CYCAZAREM study[34]. 
In this trial, 155 randomized patients received either 
oral cyclophosphamide for 1 year or 3 to 6 mo of oral 
cyclophosphamide followed by azathioprine. At 18 
mo the relapse rates was not significantly different 
between the two regimens. The randomised CYCLOPS 
study showed similar efficacy (the time to remission 
and the rate of remission at 9 mo) of intravenous 
or oral cyclophosphamide in 149 patients with 
generalised ANCA-associated vasculitis. However, long-
term follow-up (median 4.3 years) showed higher 
relapse rate in patients who were treated with pulsed 
intravenous cyclophosphamide[35,36]. The potential 
advantages of intravenous cyclophosphamide included 
reduced exposure (8.2 g compared to 15.9 g with 

immunosuppressive treatment (e.g., osteoporosis, 
diabetes, hypertension etc.) and other factors such 
as atherosclerosis[28]. Each feature is scored only if it 
persists for more than 3 mo. Patients with at least five 
items of damage on the VDI score had 7- to 11-fold 
higher risk of death, as compared with those with 
lower VDI score[29]. Irreversible damage develops 
in 80% to 90% of patients with ANCA-associated 
vasculitis and usually progresses with time. In 302 
patients who were followed in four European Vasculitis 
Study group trials at 7.3 years post-diagnosis the most 
frequent items of vasculitis damage were proteinuria, 
impaired glomerular filtration rate, hypertension, nasal 
crusting, hearing loss and peripheral neuropathy while 
the most commonly reported items of treatment-
related damage included hypertension (41.5%), 
osteoporosis (14.1%), malignancy (12.6%), and 
diabetes (10.4%)[30]. At long-term follow-up around 
one-third of patients had ≥ 5 items of damage. VDI 
does not measure functional disability related to 
systemic vasculitis or its treatment. For example, in 
patient with chronic nasal discharge and mild arterial 
hypertension VDI will be higher (2 items) than in 
disabled patient with persistent palsy associated with 
transverse myelitis (1 item) or end stage renal failure 
requiring dialysis (1 item).

Five-factor score (FFS) was developed by the 
French Vasculitis Study Group in 1996 as a prognostic 
index[31]. FFS was revised in 2009 in a study in 1108 
consecutive patients with 4 systemic necrotizing 
vasculitides (GPA, polyarteritis nodosa, MPA and 
EGPA)[32]. This score is based on five factors that were 
associated with higher 5-year death rate, e.g., age (> 
65 years), heart disease, gastrointestinal involvement 
and renal failure (creatinine level ≥ 150 µmol/L) and 
an additional criteria for GPA and EGPA-the absence 
of ENT symptoms. In patients with FFS of 0, 1 and 
≥ 2 the 5-year mortality was 9%, 21% and 40%, 
respectively. 

CURRENT TREATMENT
Without treatment majority of patients with ANCA-
associated vasculitis die within two years after 
diagnosis. Treatment with corticosteroids and cyclo-
phosphamide significantly increased patients survival 
but also induced the changes in the causes of death, 
e.g., increased the risk of cardiovascular outcomes and 
the complications of prolonged immunosuppression. In 
535 patients with GPA and MPA who had been enrolled 
at the time of diagnosis to four randomised controlled 
trials in 1995-2002 overall survival at five years of 
follow-up was 75%[27]. Compared with an age- and 
sex-matched general population there was a mortality 
ratio of 2.6 (95%CI: 2.2-3.1). Within the first year of 
follow-up patients mainly died from infection (48%) 
and active vasculitis (19%) while later the death was 
more frequently attributed to cardiovascular disease 
(26%) and malignancy (22%) and more rarely to 
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oral administration) and the lower rate of leucopenia 
though the latter was not associated with reduced risk 
of infectious complications. 

In the NORAM study methotrexate 25 mg weekly 
was not inferior to oral cyclophosphamide at inducing 
remission in 100 patients with early GPA (e.g., without 
serious visceral manifestations) but showed slower 
effect in patients with pulmonary disease[37]. Metho-
trexate administration was associated with lower risk 
of leucopenia, but higher rate of liver impairment and 
relapse of systemic vasculitis. In the long-term first-
line treatment with methotrexate was associated with 
less effective disease control than cyclophoshamide 
induction therapy[38].

In the WEGENT study maintenance treatment with 
methotrexate was at least as effective as azathioprine 
in 126 patients with remission of ANCA-associated 
vasculitis that was induced by cyclophosphamide[39]. 
Thus, methotrexate can be used as an alternative 
to azathioprine in patients with normal kidney func-
tion who do not tolerate the latter. The IMPROVE 
randomised study showed increased risk of relapses 
and shorter time to relapse in patients treated with 
mycophenolate mofetil after cyclophosphamide induction 
compared to those with azathioprine[40], while efficacy 
of leflunomide for maintenance treatment remains 
uncertain. In the multicentre, randomized controlled 
clinical trial, 54 patients with generalized GPA were 
treated either with oral leflunomide 30 mg/d or oral 
methotrexate (7.5 to 20 mg/wk) for 2 years following 
induction of remission with cyclophosphamide[41]. 
The rate of major relapses was significantly higher in 
the methotrexate group (P = 0.037), and the study 
was terminated prematurely. However, treatment 
with leflunomide was associated with an increased 
frequency of adverse events. Mycophenolate mofetil 
and leflunomide should not be used as a first-line 
treatment.

Rituximab was first studied in relapsing and 
refractory ANCA-associated vasculitis. It’s efficacy for 
induction of remission in patients with GPA and MPA 
was shown in two randomised trials (RITUXVAS and 
RAVE)[42,43] and numerous case series and uncontrolled 
studies[44-46]. In the RITUXVAS study 44 patients with 
ANCA-associated renal vasculitis were randomised 
to a standard glucocorticoid regimen plus either 
rituximab at a dose of 375 mg/m2 per week for 4 wk, 
with two intravenous cyclophosphamide pulses, or 3 
to 6 mo intravenous cyclophosphamide[42]. Following 
induction of remission at 3 to 6 mo patients in the 
conrol group continued treatment with azathioprine, 
while in the rituximab group patients recieved only 
glucocorticoids for maintenance treatment. Sustained 
remission at 12 mo was achieved in 76% and 82% of 
patients in rituximab and control groups, respectively. 
The safety of two regimens was also comparable. 
Thus, a rituximab-based regimen was not inferior to 
intravenous cyclophosphamide in patients with severe 
ANCA-associated vasculitis. The use of rituximab 

permitted to avoid of maintenance immunosuppression 
but was not associated with reduced rate of infectious 
complications. 

In a multicenter, randomized, double-blind, nonin-
feriority RAVE study rituximab (375 mg/m2 once a 
week for 4 wk) followed by placebo was compared 
to cyclophosphamide for 3 to 6 mo followed by aza-
thioprine for 12 to 15 mo in 197 patients with severe 
ANCA-associated vasculitis[47]. Severe disease was 
defined as vital organ involvement that posed an 
immediate threat to the function of that organ or 
the patient’s life. By 5 mo all patients who had a 
remission without disease flares had discontinued 
glucocorticoids. The primary end point was remission 
of disease without the use of prednisone at 6 mo. 
Primary end point was reached in 63 patients in the 
rituximab group (64%) and 52 patients in the control 
group (53%). Non-Inferiority was confirmed in this 
study (P < 0.001). Rituximab was more efficacious 
than cyclophosphamide for inducing remission in 
relapse of vasculitis: the primary end point was 
reached in 67% of patients in the rituximab group and 
in 42% of patients in the control group (P = 0.01). 
Rituximab was also as effective as cyclophosphamide 
in the treatment of patients with renal involvement or 
alveolar hemorrhage and in patients with both GPA 
and MPA. The rate of adverse events was not different 
between the two groups. The long-term follow-up 
of patients confirmed the comparable efficacy of the 
rituximab- and cyclophosphamide-based regimens[47]. 
At 12 and 18 mo, the complete remissions was 
maintained in 48% and 39% of patients, respectively, 
in the rituximab group and 39% and 33% of patients 
in the control group. The duration of complete remi-
ssion and the frequency or severity of relapses did 
not differ significantly between the two groups. In 
patients with relapsing disease, rituximab was superior 
to cyclophosphamide-based treatment at 12 mo (P = 
0.009) but not at 18 mo (P = 0.06). At the latter point 
the majority of patients in the rituximab group had 
reconstituted B cells. The overall incidence of adverse 
events was not different between the two groups, 
with the exception of leukopaenia and pneumonia that 
were less common in the rituximab group. Thus, at 18 
mo a single course of rituximab was as effective as a 
standard immunosuppressive therapy for the induction 
and maintenance of remissions in patients with 
severe ANCA-associated vasculitis. Rituximab may be 
superior to conventional immunosuppresive regimen in 
relapsing disease.

The high efficacy of rituximab was also shown in 
retrospective studies in patients with ANCA-associated 
vasculitis refractory to standard treatment. Rituximab 
may be less effective for induction of remission in 
patients with predominant granulomatous lesions, 
e.g., orbital pseudotumour. In one uncontrolled study 
in 59 patients with refractory GPA complete remission 
or improvement following rituximab treatment were 
achieved in 89.2% of patients with kidney disease and 
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in only 44.4% of patients with orbital pseudotumor (P 
= 0.003)[48]. The efficacy of rituximab for maintenance 
therapy was established in the retrospective studies[46]. 
It is currently being evaluated in prospective, 
randomized MAINRITSAN trial, comparing 500 mg of 
rituximab every 6 mo for 18 mo vs azathioprine for 
22 mo. Preliminary results indicate significantly fewer 
relapses in the rituximab arm[49].

Recently the Recommendations Committee of 

the FVSG developed guidelines for rituximab use to 
induce and maintain remission of ANCA-associated 
vasculitis[50]. The main statements of these guidelines 
are summarised below: (1) rituximab is not inferior 
to conventional treatment and may be used to induce 
remission of GPA and MPA for the same indications as 
cyclophosphamide; (2) rituximab should preferentially 
be prescribed to women of childbearing age, especially 
when they are over 30 years old, taking into account 
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  Trial (n ) Inclusion criteria Treatment groups (dose) Primary end-
points

Outcome

  Induction of remission
     NORAM (100) New diagnosis of GPA or MPA, 

and creatinine < 150 μmol/L
Methotrexate (0.3 mg/kg once weekly) 

vs daily oral cyclophosphamide
Remission

Time to relapse
Methotrexate not inferior to 

cyclophosphamide
Time to relapse shorter with 

methotrexate
     CYCLOPS (149) New diagnosis of GPA, MPA, or 

relapse with renal involvement, 
creatinine 150-500 μmol/L

Intravenous pulse cyclophosphamide 
(15 mg/kg) vs daily oral 

cyclophosphamide (2 mg/kg)

Remission
Time to relapse

Pulse cyclophosphamide not 
inferior to oral cyclophosphamide

Less leucopenia and trend 
towards more relapses with pulse 

cyclophosphamide
     RITUXVAS (44) New diagnosis of AAV and 

severe renal involvement
Rituximab (four 375 mg/m² infusions) 

plus two intravenous pulses of 
cyclophosphamide, vs intravenous pulse 

cyclophosphamide only

Sustained 
remission

Rituximab not inferior to pulse 
cyclophosphamide

     RAVE (198) New or relapsing GPA or MPA Rituximab (4 × 375 mg/m² infusions) vs 
daily oral cyclophosphamide

Complete 
remission and 

cessation of 
glucocorticoids 

at 6 mo

Rituximab not inferior to oral 
cyclophosphamide

Rituximab better in patients with 
relapse than after first diagnosis

     MEPEX (137) New diagnosis of GPA or MPA 
and creatinine > 500 μmol/L

Plasma exchange and oral 
cyclophosphamide vs 3 × intravenous 

methylprednisolone pulse and oral 
cyclophosphamide

Renal survival at 
3 mo

Better renal survival with plasma 
exchange

24% risk reduction for ESRD with 
plasma exchange

     MYCYC (140) New diagnosis of GPA, MPA 
and major organ involvement

Mycophenolate mofetil (2-3 g daily) vs 
intravenous pulse cyclophosphamide 

(15 mg/kg)

Remission at 6 
mo

Relapse

Preliminary data: noninferiority not 
proven for mycophenolate mofetil 

vs pulse cyclophosphamide
     CORTAGE (104) New diagnosis of MPA, GPA, 

EGPA, PAN and age > 65 yr
Rapid glucocorticoid tapering and 
reduced-dose intravenous pulse 

cyclophosphamide (500 mg) vs standard 
intravenous pulse cyclophosphamide 

(500 mg/m²)

Severe adverse 
events

Preliminary data: less severe 
adverse events with reduced 

immunosuppression, no difference 
in remission and relapse rates

  Maintenance of remission
     CYCAZAREM (144) GPA, MPA or relapse and renal 

or vital organ involvement
Oral azathioprine (2 mg/kg) vs oral 

cyclophosphamide (1.5 mg/kg daily)
Relapse

Adverse events
No difference in relapse

     IMPROVE (165) New diagnosis of GPA or MPA Oral mycophenolate mofetil (2 g daily) 
vs oral azathioprine (2 mg/kg)

Time without 
relapse

Adverse events

More relapses with mycophenolate 
mofetil than azathioprine, trend 

towards more adverse events with 
azathioprine

     WEGENT (126) GPA or MPA and renal or 
multiorgan involvement

Methotrexate (0.3 mg/kg once weekly) 
vs azathioprine (2 mg/kg)

Adverse events 
with consecutive 

treatment 
cessation or 

death

No difference between groups in 
primary end point and relapses

     LEM (54) Generalized GPA and creatinine 
< 1.3 mg/dL

Leflunomide (30 mg daily) vs 
methotrexate (up to 20 mg per week)

Relapse More relapses with methotrexate 
than leflunomide, trend towards 

more adverse events with 
leflunomide

     WGET (174) GPA and BVAS > 3 Etanercept and methotrexate or 
cyclophosphamide vs placebo and 

methotrexate or cyclophosphamide

Sustained 
remission for 

> 6 mo

No benefit with etanercept, more 
cancers in etanercept group

 Table 1  Randomized controlled trials in patients with antineutrophil cytoplasmic antibody-associated vasculitis[53]

AAV: Antineutrophil cytoplasmic antibody-associated vasculitis; BVAS: Birmingham vasculitis activity score; EGPA: Eosinophilic granulomatosis with 
polyangiitis; ESRD: End-stage renal disease; GPA: Granulomatosis with polyangiitis; MPA: Microscopic polyangiitis; PAN: Polyarteriitis nodosa.
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the risk of infertility with cyclophosphamide; (3) 
rituximab should not be administered as a first-
line treatment in patients with predominant granu-
lomatous lesions, e.g., orbital pseudotumors, ENT 
manifestations, tracheal and bronchial stenosis; 
(4) rituximab should preferentially be chosen for 
patients with relapsing GPA or MPA who have received 
previously at least one full cyclophosphamide cycle; (5) 
rituximab is recommended to prescribe for failure or 
incomplete response to intravenous cyclophosphamide 
and in patients intolerant of cyclophosphamide or 
who developed complication(s) resulting from prior 
cyclophosphamide exposure (e.g., hemorrhagic 
cystitis); (6) rituximab should not be combined with 
conventional immunosuppressive treatments (except 
glucocorticoids) though such option is possible in 
patients not responding or responding incompletely 
to immunosuppressant(s) or rituximab alone; and (7) 
rituximab can be prescribed for maintenance treatment. 

The other promising biologic agents for the 
treatment of ANCA-associated vasculitis include 
ocrelizumab, afatumumab, epratumumab, belimumab, 
abatacept, C5a complement inhibitor. The efficacy of 
belimumab for maintenance treatment is currently 
being studied in the placebo-controlled BREVAS 
study (NCT01663623) that plans to enroll around 
300 patients with GPA and MPA who have achieved 
remission with oral or intravenous cyclophosphamide.

The results of main randomized controlled trials 
in patients with ANCA-associated vasculitides are 
summarized in Table 1[51].

CONCLUSION
The diagnosis and treatment of ANCA-associated 
vasculitis were always the challenge for physicians. The 
criteria of activity and approaches to classification also 
remain the subject for discussion. The conventional 
immunosuppressive treatment allows to achieve and 
to maintain remission in the majority of patients with 
ANCA-associated vasculitis. Nevertheless, there is a 
need for more effective therapies for patients who are 
refractory or intolerant to current immunosuppressive 
regimens, and for those who have a relapsing systemic 
vasculitis. Biologic agents may have advantages over 
conventional immunosuppressive agents for efficacy 
and/or safety. The controlled and uncontrolled studies 
showed that rituximab can be used for induction of 
remission in patients with GPA and MPA and is the 
treatment of choice in patients with refractory ANCA-
associated vasculitis and in those who had incomplete 
response to or were intolerant of cyclophosphamide.
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Abstract
Orofacial pain originating from myofascial pain of 
temporomandibular disorders is the second most 
common source of pain, after tooth pain. However, 
diagnosis of myofascial pain is challenging due to 
its characteristic referral pattern. Furthermore, pain 
arising from structures in the orofacial region may be a 
presentation of fibromyalgia and treatment directed at 
temporomandibular disorders fails to alleviate the pain. 
Similarly, patients with fibromyalgia may present with 
pain in the orofacial region. The physician in this case 
should be aware of temporomandibular disorders, its 

characteristic findings and treatment approaches that 
might be included in the treatment plan.

Key words: Orofacial pain; Fibromyalgia; Myofascial 
pain; Trigger point; Temporomandibular disorders

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The characteristic presentation of myofascial 
pain and fibromyalgia pain in the orofacial region and 
their comorbidity is covered in this review article.
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INTRODUCTION
Fibromyalgia (FM), characterized by widespread 
musculoskeletal pain, is the most common “rheumatic” 
disorder after osteoarthritis[1]. It is a central pain 
disorder resulting from abnormal pain processing 
with increased pain transmission and perception in 
the central nervous system[2,3]. Patients usually have 
episodic histories of pain throughout the body and 
have a familial history of FM[1,3]. Fibromyalgia may 
develop after a traffic accident or viral infection and 
impaired socio-economic conditions like a low family 
income may contribute to the onset[4,5]. The clinical 
diagnosis of FM is not easy as it has a myriad of 
symptoms. Its existence as an independent entity is 
not well accepted and it is usually co-morbid with other 
diseases[6,7].

The characteristic symptom is generalized pain 
lasting more than 3 mo and described variously from 
burning, shooting to deep aching by verbal pain 
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descriptors. The pain described as hurting all over 
eases its differential diagnosis[6]. Irritable bowel 
syndrome, stiffness, fatigue, sleep disturbance, 
headache and mood disorders may be the accom-
panying symptoms[6,8].

Fibromyalgia patients may present with orofacial 
manifestations, including temporomandibular disorders 
(TMDs), headaches and oral complaints, in which case 
diagnosis is a challenge for dental professionals[4,9-11].  

Temporomandibular disorders have the highest 
prevalence among orofacial pain conditions involving 
disorders of the masticatory muscles and/or the 
temporomandibular joint (TMJ)[12].

The purpose of this paper is to provide a review on 
the presentations, diagnoses and treatment of FM and 
TMDs, to raise awareness on comorbid conditions for 
both medical and dental professionals dealing with the 
management of pain. 

EPIDEMIOLOGY, ETIOLOGY, 
PATHOPHYSIOLOGY
Temporomandibular joint and muscle disorders affect 
5-12% of the population, with a higher prevalence rate 
among younger persons and in women[13]. 

The overall prevalence of TMD type pain is around 
4.6%, with a women: men ratio of 2:1[14,15]. Marklund 
et al[16] found that myofascial pain (MP) showed a 
preponderance among women in fertile ages than 
in men and both incidence rate and maintenance of 
orofacial pain for a one year follow-up period showed a 
gender difference.

Fibromyalgia has a female: male ratio of 2:1 
with the newer diagnostic criteria which is similar to 
MP[17]. Canadian prevalence rates have been reported 
as 2%-3% for FM, with females affected up to nine 
times more commonly than males[18]. In a nationwide 
German population study, prevalence increased with 
age but rates did not differ significantly between males 
and females[19]. Comparison of the rates of diagnoses 
by clinical examination with random survey results 
revealed a remarkable number of underdiagnosed 
cases, especially in men, that may explain the low rate 
of FM among males[20]. 

The rate of new onset widespread pain is common 
in older adults, with some predictable factors like 
presence of pain at baseline and presence of diffuse 
osteoarthritis[21]. However, FM can develop at any age, 
even in childhood[1].

The real pathophysiology behind TMDs is not truly 
understood; trauma, either direct or indirect, micro or 
macro are blamed as a significant cause of TMDs. Poor 
posture, forward head position, sleep disorders, stress, 
eating disorders and psychosocial factors are counted 
as other possible etiological factors of TMDs, mostly 
believed to have a multifactorial etiology[12,22]. 

The pathophysiology of FM, considered to be a 
centralized pain state, involves abnormal function 
of neuroendocrine and autonomic nervous systems, 

genetic factors, environmental and psychosocial 
triggers like mechanical/physical/emotional trauma, 
and chronic stress[23].

Psychological and psychosocial factors frequently 
accompany chronic pain syndromes; FM and MP have 
been suggested as occurring due to psychiatric distress 
and amplification of body sensations. Therefore, 
assessment may provide information about the 
relationship of TMDs and fibromyalgia[24].

DIAGNOSTIC CRITERIA
Diagnostic criteria of temporomandibular disorders
There has been a long standing deficiency in estab-
lishing a common standard care for diagnosis and 
treatment of TMDs[25]. For classification of TMDs, 
“research diagnostic criteria for temporomandibular 
disorders (RDC/TMD)” originally proposed by Dworkin 
et al[26] have been used widely for both clinical and 
research purposes. This classification evaluates the 
patient in a dual axis, including both physical (Axis 
I) and psychosocial (Axis Ⅱ) clinical assessment. 
Very recently, evidence-based “diagnostic criteria 
for temporomandibular disorders (DC/TMD)” were 
introduced by Schiffman et al[27] and Peck et al[28]. This 
classification included rarely seen but clinically apparent 
disorders to improve the diagnostic assessment of 
patients with temporomandibular disorders (Table 1). 

The use of the DC/TMD protocol is appropriate for 
both clinical and research settings, permits multiple 
diagnoses and facilitates more individualized and 
customized care for each patient[28]. Only masticatory 
muscle disorders will be reviewed here since it covers 
both fibromyalgia and myofascial pain. 

Diagnostic criteria for fibromyalgia
Diagnosis of fibromyalgia is made based on the 
diagnostic criteria proposed by the American College of 
Rheumatology (ACR) in 1990 which was later modified 
in 2010; both have proven valid for diagnosis[29]. 
According to ACR criteria, FM diagnosis can be made if 
the 3 conditions in the box (Table 2) below are met[30].  

CLINICAL PRESENTATIONS AND 
DIAGNOSIS
Clinical presentation and diagnosis of MP
Pain originating from masticatory muscles is considered 
to be musculoskeletal pains of the deep somatic 
category. A patient with myofascial pain presents with 
a history of pain in the orofacial region, mostly in the 
temple and cheek and aggravated with chewing and 
talking. Pain is not well localized, usually diffuse, with 
a dull, depressing quality[12,26,27]. Pain is described as 
aching, tight, throbbing and tender[31].

Myofascial pain is a condition in which pain originates 
from either the masseter muscle or temporalis muscle 
that may be duplicated by palpation for 5 s. Pain on 
palpation may be limited to the site of finger pressure, 
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may exceed the site of palpation but stay within the 
boundaries of the muscle or may even spread beyond 
the boundaries of the muscle. Pain is mostly referred 
to anatomical parts in close proximity; mostly to teeth, 
ears and eyes when the boundaries of the palpated 
muscle are exceeded. The onset and severity of pain 
is highly attributed to jaw functions or parafunction.  
Limited mouth opening may accompany pain[27,28].  

If the patient has signs and symptoms of myofascial 
pain and also has a diagnosis of fibromyalgia, myofa
scial pain is considered to be related to fibromyalgia[27]. 
These cases are characterized by the presence of 
widespread pain apart from the masticatory muscle 
pain. Localization of pain in the orofacial area is 
similar to those in myofascial pain. However, diverse 
pain complaints may be present, from back pain to 
headache[27,28].  

In the DC/TMD classification, diagnoses are made 
according to the signs and symptoms in the last 30 d 
rather than the etiologies and added further diagnoses 
for muscle pain disorders.  However, the presence 
and number of trigger points is not mentioned in this 
classification.

In patients presenting with pain in the orofacial 
region, the differential diagnosis should be made based 
on detailed anamnesis, including the patient’s history 
of signs, followed by clinical examination. Imaging 
should be considered if needed[32].

Clinical presentation and diagnosis of FM
The American College of Rheumatology[30] recognizes 
fibromyalgia as a true syndrome of diffuse body pain. 

Pain is the primary complaint, with its presence for 
at least 3 mo required for verifying diagnosis. It is 
intermittent at the beginning and becomes more 
persistent as it progresses[33]. Pain is described as 
aching, throbbing and/or stabbing[4]. Sleep disturbance, 
fatigue, irritable bowel syndrome, headache and mood 
disturbance accompany this syndrome. The diagnosis 
is made by history, clinical evaluation and physical 
examination. 

In the 2010 diagnostic criteria, FM is considered 
as a systemic somatic condition, a symptom complex, 
and its diagnosis does not rely on counting the tender 
points. A two part self-administered questionnaire, 
Part 1 assessing pain at 19 sites by the Widespread 
Pain Index (WPI) and Part 2 measuring intensity of 
symptoms like fatigue, headache and abdominal pain 
by the symptom severity (SS) scale, is used as the 
tools of the 2010 fibromyalgia diagnostic criteria[3].

No confirmatory diagnostic test is required[33].

Trigger points
Trigger points (TP), the taut bands, actually a 
contracted group of muscle fibers of skeletal muscles, 
tendons or ligaments, have long been believed to be 
present in myofascial pain syndrome. Pain occurs when 
the TP is palpated and can be irradiated to distant 
areas within myofascial structures. A reproducible 
duplication of a patient’s pain complaint with palpation 
of the tender area is recognized as diagnostic[3]. 

Differences in the prevalence and the anatomical 
localization of trigger points were compared in a study. 
Active trigger points were found to be 6 ± 1 for MP and 
4 ± 1 for FM. A significant association with TPs and 
pain was found only in MP. Women with MP exhibited 
a greater number of active TPs in temporalis and 
masseter muscles than women with FM. On the other 
hand, larger referred pain from sternocleidomastoid 
and suboccipital muscles were found in women 
with FM than in those with MP. However, in the new 
classification, the term tender points replaces trigger 
points. It is emphasized that tender points in FM do 
not have taut bands and they do not refer pain to 
distant sites[34]. 

In a Cochrane review dated 2012, myofascial pain 
syndrome is described as a regional muscular pain 
syndrome with painful trigger points in one or more 
muscles. The pain may either be localized to the site 
of trigger points or may extend away from the site of 
palpation[35].
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  Temporomandibular joint disorders
     Joint pain
     Joint disorders
     Joint diseases
     Fractures
     Congenital/developmental disorders
   Masticatory muscle disorders
     Muscle pain
        Myalgia
        Local myalgia
        Myofascial pain
        Myofascial pain with referral
        Tendonitis
        Myositis
        Spasm
  Contracture
  Hypertrophy
  Neoplasm
  Movement disorders
  Masticatory muscle pain attributed to systemic/central pain disorders
     Fibromyalgia/widespread pain
  Headache
     Headache attributed to TMD
  Associated structures
     Coronoid hyperplasia  

Table 1  Diagnostic criteria for temporomandibular 
disorders[27,28]

  WPI > 7 and a symptom SS > 5 or WPI 3-6 and SS > 9 
  Symptoms have been present at a similar level for at least 3 mo 
  The patient does not have a disorder that would otherwise explain the 
  pain

Table 2  American College of Rheumatology criteria for 
diagnosis of fibromyalgia[30]

TMD: Temporomandibular disorders.

WPI: Widespread Pain Index; SS: Severity scale.
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medical conditions[2,3]. 
A thorough patient history including the chief 

complaint of the patient, clinical exam and imaging 
if needed leads to a proper diagnosis of TMDs. 
Conservative, reversible and evidence-based thera-
peutic modalities should be attempted as the first step 
treatment of TMDs[32].  

The aim for the treatment of FM patients is to 
restore function. Like TMDs, patients with FM respond 
to simple and conservative interventions like stress 
reduction, cognitive behavioral therapy, restoring sleep 
pattern, treating comorbid medical conditions and 
exercise[3]. 

Medical therapies and more advanced interventions 
are needed for an individual patient-based approach if 
initial interventions fail.

CONCLUSION
Patients with pain in the orofacial region mostly 
seek treatment from dentists, while patients with 
generalized pain go to medical doctors. Both 
professionals should be aware of the comorbidity 
between FM and MP when they examine patients. The 
importance of making a distinction between these 2 
disorders is necessary, mostly for proper treatment 
and avoiding overtreatment. 
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inflammatory disorders including rheumatic and inflam
matory bowel diseases. The most common used biologic 
therapeutic agents are tumor necrosis factor inhibitors 
(etanercept, infliximab, adalimumab, certolizumab 
pegol, and golimumab), an interleukin (IL)6 inhibitor 
(tocilizumab), an IL1 receptor antagonist (anakinra), 
an antiCD20 antibody (rituximab), and a T cell co
stimulation modulator (abatacept). Their use during 
pregnancy has been controversial because of absence of 
controlled studies which have enrolled pregnant women. 
This brief overview provides published data on use of 
biologic agents for the treatment of rheumatic diseases in 
pregnancy. 

Key words: Ankylosing spondylitis; Rheumatoid arthritis; 
Pregnancy; Diseasemodifying antirheumatic drugs
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Core tip: Biologic agents are increasingly being used 
in the treatment of rheumatic diseases. This article 
presents published data on use of biologic agents in 
pregnant women with rheumatic diseases. 

Garip Y. Use of biologic agents for rheumatic diseases in 
pregnancy. World J Rheumatol 2015; 5(2): 50-58  Available 
from: URL: http://www.wjgnet.com/2220-3214/full/v5/i2/50.
htm  DOI: http://dx.doi.org/10.5499/wjr.v5.i2.50

INTRODUCTION
Most of the women with rheumatic diseases experience 
clinical remission during pregnancy, however in some 
cases, it is needed to continue the treatment throughout 
pregnancy[1,2]. Few studies have suggested that high 
disease activity in rheumatic diseases throughout 
pregnancy may lead to increased risks for preeclampsia[3], 
cesarean delivery[4], prematurity[5], low birth weight[6,7], 
and intrauterine growth restriction[4]. Owing to the fact 
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Abstract
Biologic agents have ushered a new era in the treat
ment of inflammatory rheumatic diseases. In recent 
years, several biologic agents have been approved by 
food and drug administration and have significantly 
improved outcomes for patients with immune mediated 

EDITORIAL

50

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5499/wjr.v5.i2.50

World J Rheumatol  2015 July 12; 5(2): 50-58
ISSN 2220-3214 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

World Journal of 
RheumatologyW J R

July 12, 2015|Volume 5|Issue 2|WJR|www.wjgnet.com



that important antirheumatic agents such as metho
trexate and leflunomide have teratogenic effects, the 
treatment options are limited, and biological agents may 
be therapeutic alternative in pregnant women with high 
disease activity.

Since cytokines play a crucial role in host defense 
against infections, cytokine blockade is associated with 
increased risk of opportunistic infections. Previous studies 
have suggested an increased risk of bacterial, viral and 
fungal infections due to mycobacterium[8], salmonella, 
listeria[9], hepatitis B and C, herpes[10], histoplasma, 
cryptococcus, coccidioides, candida, aspergillus and 
pneumocystis[11]. Pregnancy is a period of relative immuno
suppression, thus use of biologic agents during pregnancy 
may further increase the risk of infections[12]. 

Since no drug trials have been performed in pregnant 
women to assess the risk of administration of biologic 
agents, safety of these agents during pregnancy is still 
a matter of debate. However, cumulative data suggest 
that frequency of birth defects after prenatal exposure 
to biologic agents does not seem to be higher than that 
occurs in the general population[13].

Search strategy
A PubMed literature search (20002015) was performed 
to identify studies with human data on pregnancy 
outcomes after exposure to biologic agents during preg
nancy. Search strategy was restricted to the articles 
published in English and Turkish and included the following 
search terms “tumor necrosis factor (TNF) inhibitors”, 
“etanercept”, “infliximab”, “adalimumab”, “certolizumab”, 
“golimumab”, “tocilizumab”, “anakinra”, “rituximab”, 
“abatacept”, and “pregnancy”. First, titles and abstracts 
of all 931 references were screened; articles which 
have insufficient data or do not address the topic of the 
interest were excluded. Inclusion criteria were data on 
pregnancy outcomes in patients who were exposed 
to biologic agents before conception and throughout 
pregnancy. Additionally a handsearch was made looking 
for the reference lists of the applicable publications. 
Adequate documentation was found in 10 reviews, 10 
registries, 17 case series and 18 case reports. Published 
data on reports of biologic therapies are summarized in 
Table 1.

USE OF ANTI-CYTOKINES DURING 
PREGNANCY
Tumor necrosis factor inhibitors
Efficacy of TNF inhibitors has been demonstrated 
in reducing disease activity and joint damage and 
improving healthrelated quality of life in the patients 
with rheumatoid arthritis (RA), psoriatic arthritis (PsA), 
juvenile idiopathic arthritis (JIA), and ankylosing 
spondylitis[14]. Most frequently used TNF inhibitors include 
etanercept, a soluble p75 TNFreceptor and IgG1 Fc 
fusion protein; infliximab, a humanmurine IgG1 anti
TNF monoclonal antibody; adalimumab, a human IgG1 

anti-TNF monoclonal antibody; certolizumab pegol, 
a pegylated Fab fragment of humanized anti-TNF 
monoclonal antibody; and golimumab, fully humanized 
TNFalpha monoclonal antibody[15]. 

TNF inhibitors have been rated as Food and Drug 
Administration (FDA) category B (No evidence of a risk to 
the fetus was found in animal toxicity studies; however 
there are no controlled studies which have enrolled 
pregnant women). TNF inhibitors do not actively cross 
the placenta during the first trimester and organogenesis, 
but they are transferred across the placenta during the 
late second and third trimester[12]. These can be found in 
newborn’s cord blood in levels that exceed those of the 
corresponding maternal serum[16,17]. Additionally, they are 
detectable in blood of the infant for more than six months 
after the birth, reducing the safety of vaccination[16]. 
Certolizumab does not contain Fc region, thus it does not 
actively cross the placenta[18].

Use of TNF inhibitors has been reported in almost 
2000 pregnancies of the patients with rheumatic 
diseases, inflammatory bowel diseases and psoriasis. 
Based on the published data from case reports[1929], 
case series[3034] and registries on etanercept, infliximab, 
adalimumab, golimumab and certolizumab[3537], it has 
been found that preconception exposure to biologic agents 
or use of them during pregnancy including first, second 
and third trimesters is not associated with increased risk 
of adverse pregnancy outcomes, malformations or birth 
defects compared with general population. 

An FDA database review revealed 61 birth defects in 
41 children born to mothers receiving TNF inhibitors[38]. 
Of these mothers, 22 received etanercept and 19 rec
eived infliximab. The most common congenital anomalies 
were heart defects, spinal deformities, imperforate anus, 
tracheoesophageal fistula, renal anomalies and limb 
defects, which were the features of vertebral defects, 
anal atresia, cardiac defects, tracheo-esophageal fistula, 
renal anomalies, and limb abnormalities association. 
These anomalies were found to be linked with use of 
TNF antagonists and it was suggested that these agents 
should not be administered during pregnancy.

British society for rheumatology biologics register 
(BSRBR) is a database which keeps information about 
RA patients taking TNF antagonists. Between 2005 and 
2006, 11473 patients were registered with the BSRBR. 
Of these patients, 17 received etanercept, 3 received 
infliximab and 3 received adalimumab. No congenital 
malformation was observed[37]. After this report, 
another BSRBR report which assesses the outcomes 
of 118 pregnancies in patients who were exposed to 
TNF antagonists was published in 2008[39]. The rate of 
miscarriage was 27% in the patients who received anti
TNF at the time of conception (group 1), 17% in those 
with prior exposure to antiTNF (group 2) and 10% in 
those who were never exposed to antiTNF (group 3). 
The rate of premature delivery was 26% in group 1, 
17% in group 2, and 20% in group 3. A perinatal death 
causing from hypoxia was reported in a patient who was 
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retardation. He was healthy until bacillus calmetteguerin 
(BCG) vaccine administered at the age of three months. 
One point five months later he died from disseminated 
BCG disease which was a rare lifethreatening complic
ation of BCG administration. 

Certolizumab is different from other TNF inhibitors, 
it does not contain Fc region, thus it is not actively 
transported through the placenta[16]. It has only minimal 
transplacental transmission to newborn via passive 
diffusion during first, second and third trimesters[17].

The Union Chimique Belge Pharma global safety 
database revealed 69.5% live birth rate in 190 pregnant 
women exposed to certolizumab[51]. The rates of spon
taneous abortions and elective terminations were 18.9% 
and 11.6%, respectively. Six birth defects were observed 
in four infants among all live births: vesicoureteral reflux, 
congenital morbus, congenital megacolon, congenital 
talipes equinovarus, aortic arch anomaly, and unilateral 
hydronephrosis. However these congenital anomalies 
were not thought to be associated with exposure to 
certolizumab. These pregnancy outcomes were compar-
able to those reported for united states general population 
(65% live births, 17% spontaneous abortions, and 18% 
elective abortions)[52]. In Pregnancy in Inflammatory 
Bowel Diseases and Neonatal Outcomes study[53] where 
women with inflammatory bowel disease exposed to 
certolizumab in the third trimester of pregnancy were 
compared with unexposed group, it was suggested 
that use of certolizumab in the third trimester was not 
associated with increase in infant infection rates. 

Golimumab is a newer TNF inhibitor and there is 
limited data on its use during pregnancy[54]. In a study 
by Martin et al[55] performed in cynomolgus monkeys 
received 2550 mg/kg golimumab twice weekly during 
pregnancy, no effect was observed on pregnancy 
outcomes or fetal immune system. Experience with use 
of golimumab during pregnancy has been limited to 
conference abstracts. Lau et al[56] reported pregnancy 
outcomes of 40 women exposed to golimumab at the 
American College of Rheumatology (ACR) Annual Meeting 
in 2013. Outcomes included one unspecific congenital 
anomaly, 19 live births, 13 spontaneous abortions and 
7 induced abortions. Of 13 mothers with spontaneous 
abortion, 4 had concomitant methotrexate use. 

Anakinra
Anakinra is a human IL-1 receptor antagonist certified by 
FDA for the therapy of RA patients with intermediate/high 
disease activity[14]. It has been rated as FDA pregnancy 
category B. It has a halflife of 46 h. Because of its short 
halflife, discontinuance of anakinra before conception is 
not necessary[18]. Experiences with use of anakinra during 
pregnancy are limited. Three pregnancies in patients 
received anakinra for the treatment of adult onset 
Still’s disease resulted in term live births[57,58]. Chang et 
al[59] described outcomes of fifteen pregnancies in nine 
women receiving anakinra for the treatment of cryopyrin
associated periodic syndrome. Outcomes included 14 

healthy term infants and one intrauterine fetal demise 
resulting from renal agenesis. 

Tocilizumab
Tocilizumab is a humanized IL-6 receptor inhibitor used in 
the therapy of moderate to severe RA and polyarticular 
and systemic JIA. It is categorized as FDA pregnancy 
category C. Tocilizumab should be discontinued three 
months before conception[18]. Experiences with use of 
tocilizumab during pregnancy were reported by Rubbert-
Roth et al[60] at the ACR Annual Meeting in 2010. Of 33 
pregnancies, 13 resulted in induced abortion, 7 resulted 
in spontaneous abortion and 11 resulted in live births. Of 
7 mothers with spontaneous abortion, 5 had concomitant 
methotrexate use. 

ANTI-CELLULAR THERAPY DURING 
PREGNANCY 
Rituximab
Rituximab is a chimeric monoclonal antibody against 
the B cell surface antigen CD20[61]. It is indicated for 
the treatment of severe refractory RA with inadequate 
response to TNF inhibitors, certain types of vasculitis, 
nonHodgkin’s lymphoma and chronic lymphoid leuke
mia[42]. It is classified as FDA category C, meaning “it has 
not been studied on pregnant women, however animal 
developmental toxicity studies have shown an adverse 
effects on the fetus”. It has no active transplacental 
passage during the first trimester and organogenesis, but 
actively crosses the placenta during the late second and 
third trimester[62], and may affect fetal and neonatal B 
cell development, causing increased risk for infections[63]. 
Chakravarty et al[64] reported pregnancy outcomes in 153 
patients exposed to rituximab. Of these pregnancies, 90 
resulted in live births, 22 resulted in prematurity and one 
resulted in perinatal death. 11 infants had hematologic 
abnormalities at birth (peripheral Bcell depletion, neu
tropenia, lymphopenia, thrombocytopenia and anemia) 
and four had perinatal infections. Two infants had 
congenital defects (congenital talipes equinovarus 
and cardiac malformation). Sangle et al[65] reported 
pregnancy outcomes in 5 patients with systemic lupus 
erythematosus exposed to rituximab before conception. 
One of the infants was born with esophageal atresia, 
while the others were healthy. Pendergraft et al[66] 
reported a miscarriage at 15 wk in a mother exposed 
to rituximab 7.5 mo prior to conception. Histologic and 
genetic evaluation of fetus revealed BeckwithWiedemann 
Syndrome. OjedaUribe et al[61] reported two successful 
outcomes in two women with autoimmune diseases 
received rituximab in the first trimester of pregnancy. 

Preconception and first trimester exposure to rituxi
mab seems not to indicate an excess risk of adverse fetal 
outcomes. Exposure during second and third trimesters 
causes decrease in B cells in the fetus[18]. Further studies, 
especially prospective registries are needed to explore 
immune response to vaccines and perinatal infections in 
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infants born to mothers received rituximab during second 
and third trimesters. 

Abatacept 
Abatacept (CTLA4Ig) is a recombinant fusion protein that 
modulates T cell costimulatory signal mediated through 
the CD28CD80/86 pathway[67]. It has been approved 
for the treatment of refractory RA[4]. Abatacept therapy 
should be stopped three months before conception[18]. 
OjedaUribe et al[61] reported a healthy infant born to a 
33yearold mother exposed to abatacept in the first 
trimester. 

CONCLUSION
Since TNF inhibitors are classified in FDA category B, 
they are safer than synthetic Disease Modifying Anti 
Rheumatic Drugs such as methotrexate and leflunomide. 
Although sporadic cases of congenital malformations have 
been reported in newborns born to mothers exposed to 
biologics, these rates appear to be comparable with those 
expected in the general population. Maternal exposure 
to TNF inhibitors at conception seems not to be related 
to adverse pregnancy outcomes. TNF inhibitors do not 
pass through the placenta during the first trimester, 
but they cross the placenta during the late second and 
third trimester. They can be used in the first trimester if 
no therapeutic alternative is available. But use of these 
agents in late second and third trimester should be 
reconsidered more carefully because of high placental 
transfer. Collected experience does not suggest an 
increased risk of opportunistic infections in pregnant 
patients and fetus. However, in case of exposure to these 
agents in the late second and third trimester, live vaccines 
should not be administered in the first six months of life 
because of increased risk for infections. 

Abatacept and tocilizumab are classified as FDA 
pregnancy category C, and they should be discontinued 
three months before conception. Experiences with use 
of anakinra and rituximab during pregnancy are limited, 
larger studies are needed to bring further clarity. 

The decision to use biologic agents during pregnancy 
is difficult. The benefits of biologic agents must outweigh 
the risks to the fetus/embryo or the mother. Larger and 
further studies are needed to demonstrate the safety of 
these agents during pregnancy.
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Abstract
Antiphospholiipid syndrome (APS) is an autoimmune 
disease characterized by the pathological action of antip-
hospholipid antibodies (aPL), that leads to recurrent 

pregnancy loss and thrombosis. Despite limited evidence, 
it is clear that there are both inherited and acquired 
components of the ontogeny of these antibodies. Animal 
genetic studies and human familial and population 
studies highlight the influence of genetic factors in APS, 
particularly human leukocyte antigen associations. 
Similarly, both animal and human studies have reported 
the importance of acquired factors in APS development 
and infectious agents in particular have a great impact 
on aPL production. Bacterial and viral agents have been 
implicated in the induction of autoimmune responses by 
various mechanisms including molecular mimicry, cryptic 
autoantigens exposure and apoptosis. In this review we 
highlight the latest updates with regards to inherited 
and acquired factors leading to the manufacturing of 
pathogenic antibodies and APS.

Key words: Antiphospholipid; Autoimmune; Infections; 
Antibody production; Susceptibility; Genetic; Human 
leukocyte antigen; Environmental; Immune tolerance
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Core tip: This article reviews the most up to date theories 
regarding the production of pathogenic antiphospholipid 
antibodies (aPL) in antiphospholipid syndrome. It focuses 
on both the genetic and environmental aspects related 
to aPL production. The genetic factors highlighted 
include human leukocyte antigen (HLA) and non-HLA 
associations and where available, data linking genes to 
clinical manifestations is presented. The key infectious 
agents linked to the formation of pathogenic aPL and 
those mechanisms by which these agents induce a break 
in immune tolerance are also discussed.
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INTRODUCTION
Antiphospholipid syndrome (APS) is a mutisystemic 
autoimmune disease, whose pathology is driven by 
the action of antiphospholipid antibodies (aPL), and is 
characterized by recurrent thrombosis and pregnancy 
morbidity[1]. These antibodies are heterogenous, have 
numerous antigenic targets and interact with numerous 
negatively charged phospholipids (PLs) and protein 
complexes. However, during the 1990s, several groups 
showed simultaneously that β2-glycoprotein Ⅰ (β2GPⅠ), 
and prothrombin, are the major antigenic targets of aPL. 
More than 90% of binding activity in APS patients target 
these 2 antigens[2-4]. 

The decades since APS was first described have 
seen an increased understanding of the pathological 
mechanisms of aPL that lead to the various clinical 
manifestations in the disease[5]. In contrast, relatively 
little has been uncovered regarding the ontogeny of 
pathogenic aPL. However, various pathogenetic processes 
have been proposed based on the available evidence 
and what seems clear is that both inherited and acquired 
factors play roles in the initial induction of pathogenic 
aPL in APS patients.

Correlations of several genetic markers with the 
production of aPL and APS characteristic manifestations, 
such as thrombosis, have been highlighted using several 
APS human and animal studies. Major Histocompatibility 
Complex (MHC) genes could potentially affect both 
pathological aPL development and also the expression 
of disease in APS patients[6]. Other studies highlight 
the effect of classical thrombogenic genetic risk factors 
on disease phenotype in APS patients[7]. These various 
genetic markers are likely to confer a baseline risk with 
regards to aPL production and APS development, while 
exposure to various environmental factors augment 
and intensify this risk, in essence inducing the break in 
tolerance needed for autoantibody production[8]. One of 
these key environmental factors seems to be infectious 
agents and indeed, most of the work done to elucidate 
the effect of environmental factors on aPL production 
has centered on viral and bacterial infectous agents[8]. 
As was stated above, aPL represent a varied group 
of antibodies that target various antigens and clinical 
reports indicate that not all these antibodies cause 
disease. It is therefore very likely that only a select 
group of environmental agents, most likely infectious 
agents and even then only a select few viral or bacterial 
entities, are important in disease development[8,9]. 
However, there is some limited evidence for other 
environmental factors such as malignancies, vaccinations 
and drugs being associated with aPL production[8]. In 
this brief review, we outline the latest updates regarding 
proposed inherited and acquired factors contributing to 
the formation of pathogenic aPL.

GENETIC STUDIES-DATA FROM APS 
ANIMAL MODELS
The first evidence of a genetic component to the produ
ction of pathogenic aPL in APS was provided by studies 
in mice. In NZW x BXSB F1 (W/B F1) male mice, the 
spontaneous production of pathogenic aPL, namely 
IgG aCL that display β2GPⅠ-dependent binding to 
cardiolipin, has been reported[10]. Indeed, these W/B F1 
male mice are SLE-prone mice that, in addition to aCL, 
develop autoantibodies to negatively charged PLs such 
as phosphatidylserine (PS) and phosphatidylinositol, 
circulating immune complexes, and nephritis. Thrombocy 
topenia and myocardial infarction on the background of 
degenerative coronary vascular disease is often found in 
these mice, which is akin to features of SLE and APS[10-12]. 
The failure of either central or peripheral T-cell tolerance 
mechanisms is an important aspect of the production 
of self-reactive autoantibodies in autoimmune diseases. 
Gene analysis showed that the genes responsible for 
the development of pathogenic aCL in these mice used 
certain VH and VK genes preferentially, while those for non-
pathogenic aCL utilized random V gene combinations. This 
indicates antigen-driven rather than germ-line encoded 
antibody production[13]. In this study, the pathogenic 
aCL showed a 91.5% homology to a known germ-
line VH gene, suggesting that the pathogenic aPL were 
generated by somatic mutations. Similarly, in MRL-lpr/lpr 
mice (lupus prone mice), numerous somatic mutations 
in the VH region of a gene encoding a monoclonal aCL 
compared to the related germ-line VH gene were noted, 
indicating antigen-driven stimulation and a possible 
failure in peripheral tolerance mechanisms[14]. ACL are 
also produced in normal C57BL/6J mice, with estrogen 
treatment increasing the incidence and levels of these 
antibodies, underscoring the role that environmental 
factors such as hormones may play in modifying genetic 
susceptibility in APS patients[15]. However, the aCL that 
are produced in these mice are not β2GPⅠ dependent 
but instead show diminished binding to cardiolipin in 
the presence of the β2GPⅠ cofactor[16]. Interestingly, an 
additional lupus murine model (NZW x NZB F1 mice) 
failed to produce aCL despite the production of other 
autoantibodies such as anti-dsDNA[17].

A subsequent analysis of the clinical features present 
in NZW and BXSB mice and their offspring revealed 
that similar disease phenotypes were seen in both 
male BXSB parental mice and the male F1 progeny 
BXSB x NZW but these features were less frequent 
and intense in the parental mice. In stark contrast, the 
typical clinical features were not expressed in NZW 
parent female mice or female F1 BXSB x NZW female 
progeny[18]. These results possibly indicated that BXSB 
genetic markers determine the disease expression while 
genes found in the NZW mice served to upregulate 
or modify the expression of manifestations of APS 
in their offspring. An additional consideration is that 
modifying alleles such as BXSB Y-linked autoimmune 
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accelerator gene may be an important factor in disease 
expression[18-20]. A mapping of the BXSB alleles that 
contributed to the development of aCL, anti-platelet 
antibodies, thrombocytopenia, and mycocardial in-
farction was subsequently achieved by analysis of the 
genome, focusing on microsatellite markers in NZW 
x (NZWxBXSB) male F1 backcross offspring[18]. This 
genetic evaluation demonstrated that the complete 
expression of each feature was determined by the 
complementary activity of two independently segregating 
major dominant alleles. Full genetic concordance existed 
for antiplatelet antibodies and thrombocytopenia but 
different combinations of two dominant alleles acting 
independently were responsible for other features, 
suggesting that no single genetic factor can explain the 
pathogenesis of APS[18]. 

The first direct evidence of certain MHC Ⅱ alleles 
being involved in the induction of pathogenic aPL and 
development of APS clinical manifestations came 
from Papalardo et al[21] Utilizing a β2GPⅠ–induced aPL 
production in mice, this group showed that thrombogenic 
aPL production and tissue factor upregulation occur in 
wild type mice after immunization with human β2GP
Ⅰ but do not occur in MHC-Ⅱ knockout [MHC(-/-)] mice. 
Furthermore, the production of pathogenic aPL after 
inoculation with β2GPⅠ was restored in MHC(-/-) that 
were modified to express human DQ6, DR4 or DQ8 
genes. Interestingly, the quantity of pathogenic aPL that 
was produced varied among these 3 transgenic mouse 
groups. These studies confirm the involvement of certain 
haplotypes in the induction of aPL as well as their varied 
importance[21]. 

HUMAN GENETIC ASSOCIATIONS IN 
APS
Human leukocyte antigen associations
Associations between several human leukocyte antigen 
(HLA)-DR and DQ haplotypes and aPL development 
have been reported but frequent logistical issues such 
as inappropriately matched control populations and small 
sample populations make interpretation problematic[6,7]. 
The underlying problem is the difficulty in defining 
disease phenotypes appropriately due to variable clinical 
expression, the coexistence of clinical entities and 
variability in the progression of disease. Indeed, disease 
phenotypes may vary over time even in a single patient 
with APS, especially at advanced ages[6]. Furthermore, 
these issues have made defining HLA associations with 
individual clinical features of APS extremely difficult. 
However, we discuss below the HLA genes which 
are associated with an increased susceptibility to the 
development of APS and the production of aPL antibodies.

Familial APS was initially described in a group of 
related individuals who consistently tested positive for 
syphilis in the absence of the infection and developed 
overt autoimmune disease years later[22]. Since then, 
many studies have reported the high prevalence of PAPS 

correlated with aPL such as lupus anticoagulant (LA) 
and aCL, and other autoantibodies in families[23,24]. The 
frequent finding of aCL in firstdegree relatives of patients 
with PAPS or secondary antiphospholipid syndrome 
(SAPS) has also been demonstrated[25,26]. A dominant 
or co-dominant model for the inheritance of APS was 
suggested by segregation analysis studies in a group of 
seven families with a 30% prevalence of primary APS 
among them[27]. However, the study failed to find any 
HLA associations or correlation with other putative genes 
including β2GPⅠ and Fas. In an English-Canadian family, 
the paternal haplotype A30; Cw3; B60; DR4; DRw53; 
DQw3 was associated with aCL production in secondary 
APS patients and individuals without disease[28]. DR4 and 
DR7 have also been reported to be associated with the 
presence of LA in families[29,30]. Another study evaluated 
family members, all who had SLE and a myriad of APS 
clinical manifestations, and revealed that DR4, DRw53 
and DQw7 composed a haplotype found in twins and 
their mother[31].

Many HLA associations with APS have also been 
found in population studies of unrelated individuals. 
HLA-DQw7 (HLA-DQB1*0301) linked to HLA-DR4 
and/or –DR5 was found to be associated with LA in a 
group of SLE patients[32]. DR4 and DRw53 were found 
to occur more frequently in primary APS[33]. Other 
primary APS associated HLA include DQB1*0301/4, 
DQB1*0604/5/6/7/9, DQA1*0102, DQA1*0301/2, 
DRB1*04 and DR7[34-36]. Similar results were found 
in a large study of Italian SLE patients, in which HLA-
DRB1*04, -DRB1*07, -DQA1*0201, -DQA1*0301,-
DQB1*0302,-DRB3*0301 were associated with aCL and 
DQB1*0302 with anti-β2GPⅠ[37]. In Japanese patients, 
DRB1*09 has been reported to be associated with aCL 
production in patients with lupus-associated APS[38] A 
strong association exists between anti-β2GPⅠ and HLA-
DR4 haplotypes, particularly when linked to HLA-DQ8 
(DQB1*0302) in Caucasian and Mexican Americans, 
while the association with anti-β2GPⅠ was attributed to 
the HLA-DRB1*1302;DQB1*0604/0605 haplotype in 
African American and Caucasian British patients with 
primary APS[34,39]. In black American populations, there 
is evidence that C4A or C4B null alleles are associated 
with the presence of aCL. It is interesting to note 
however, that in the Hopkins Lupus Cohort, composed 
of a significant number of African Americans, patients 
who were homozygous for C4A deficiency had a lower 
frequency of aCL and LA than patients without this 
deficiency[40-42]. 

Non-HLA associations
Mutations in genes not associated with the MHC region, 
such as a substitution of valine for leucine at amino acide 
residue 247 in domain Ⅴ of β2GPⅠ, can contribute to 
APS development. This polymorphism is more prevalent 
in APS patients, especially those with arterial thrombosis, 
compared to matched controls and is linked to anti-β2GP
Ⅰ production in these patients[43-45]. Other thrombophilia-
related genetic factors like factor Ⅴ Leiden (FVL), 
prothrombin mutations and deficiencies of antithrombin 
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focused on immunization of animals with theorized 
antigenic targets. Initial experiments utilized cardiolipin 
antigens but these failed to allow for production of aPL 
in animal models[62]. After the discovery that the main 
antigenic target of pathogenic aPL was in fact β2GPⅠ, 
subsequent experiments utilized immunization with 
heterologous β2GPⅠ rather than pure PLs. This led to the 
successful induction of aPL production in mice and these 
antibodies were able to induce pathogenic effects[2,62]. 
Researchers then hypothesized that perhaps molecular 
mimicry played a key role in pathogenic aPL production. 
In essence, foreign PL-binding proteins that shared 
structural similarities to β2GPⅠ could bind to self PLs in 
APS patients, and in so doing allow for the assembly of 
immunogenic complexes that stimulate aPL production.

Subsequent studies made use of a synthesized 15 
amino acid peptide, GDKV, which spanned an area of the 
fifth domain of β2GPⅠ known to be a major PL-binding 
site of the molecule. This peptide was able to induce 
pathogenic aPL and anti-β2GPⅠ production in immunized 
mice[63]. A monoclonal antibody with aPL and anti-β2GP
Ⅰ activity generated from these GDKV-immunized 
mice was shown to be pathogenic using in vivo models 
for thrombus enhancement and microcirculation[64]. A 
search for candidate peptides with structural similarities 
to GDKV among libraries of peptides from viral and 
bacterial agents produced several candidates (Table 
1). Similar results in experimental animal models were 
then reported using these candidate peptides[65]. When 
compared to GDKV, peptides from cytomegalovirus (TIFI 
and ⅥTT), from adenovirus (TADL) and from Bacillus 
subtilis (SGDF) all bound to PLs with greater affinity 
and induced higher anti-β2GPⅠ levels in experimental 
animals. The thrombogenic and proinflammatory capacity 
of induced antibodies in mice immunized with TIFI was 
subsequently confirmed[65,66].

An interesting set of experiments that focused on a 
hexapeptide, TLRVYK, which is a known antigen of patho-
genic monoclonal anti-β2GPⅠ, found in micro-organisms 
provided further evidence of molecular mimicry being 
involved in aPL production[67]. BALB/c mice immunized 
with Haemophilus influenzae, Neisseria gonorrhoeae 
or tetanus toxoid produced high anti-TLRVYK and anti-
β2GPⅠ antibodies which were then isolated and passively 
transferred to naive mice at day 0 of pregnancy. These 

Ⅲ, protein C and protein S have also been linked to APS 
disease manifestations[46]. 

The prevalence of the FVL G1691A mutation in 
Caucasian populations has been reported to range from 
1% to as high as 15%[47,48]. Studies have shown that 
persons homozygous for FVL have an approximately 
80-fold increase and heterozygous individuals a seven-
fold increase in the lifetime risk for a thrombotic event 
compared to the general population. However, FVL 
seems to have a milder effect on the development of 
thrombosis in APS patients than in the general population 
due to the effect of aPL, but this mutation may increase 
the thrombogenic effect of aPL in several patients[49-51]. 
The G20210A prothrombin mutation (F2 G20210A) does 
confer an elevated risk of deep venous thromboembolism 
in the general population, although to a lesser degree 
than FVL, but in APS patients the effect seems to be less 
consistent. While it was first reported that the gene did 
not increase risk in Caucasian and Mexican mestizo APS 
patients[52-54], studies that followed demonstrated that 
an elevated rate of thrombotic disease in patients with 
APS could be attributed to the presence of the gene. 
The initial report was of a young female patient with the 
homozygous G20210A mutation and lupus associated 
APS[55-57]. However, reports that followed could not 
demonstrate an association between this mutation and 
thrombosis in APS[51,58].

As a result of the rarity of deficiencies in antithrombin 
Ⅲ and protein C and S it has proven difficult to accur
ately assess the role played by these mutations in 
increasing thrombotic risk in patients with aPL. However, 
studies have linked an elevated incidence of thrombotic 
disease with deficiencies of both protein C and S in 
APS[59,60]. Polymorphisms in other relevant genes including 
thrombomodulin, annexin A5, methylenetetrahydrofolate 
reductase, plasminogen activator inhibitor-1, tumor 
necrosis factor α, platelet glycoproteins GP Ⅰa/Ⅱa and GP 
Ⅱb/Ⅲa, tissue factor pathway inhibitor, can also possibly 
increase the risk of thrombotic disease in APS but data is 
limited[61].

ENVIRONMENTAL FACTORS IN APS
Infectious agents
Early efforts to induce aPL production in animal models 
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Peptide Source Amino acid sequence Inhibition of β2GPⅠ binding to CL (%)1

GDKV Gly274-Cys288 in domain V of human B2GPI GDKVSFFCKNKKC 43
GDKV2 Modified GDKV with all six residues between Lys282-Lys287 

replaced with Lys
GDKVSFFCKKKKKKC 56

TADL Thr77-Glu96 of Adv type2 DNA binding protein TADLAIASKKKKKRPSPKPE 68
TIFI Thr101-Thr120 of ULB0-HCMVA from human CMV TIFILFCCSKEKRKKKQAAT 75
VITT Val51-Ile70 of US27-HCMVA from human CMV VITTILYYRRKKKSPSDT 83
SGDF Ser237-Ser256 of TLP-BACSU from Bacillus subtilis SGDFEYTYKGKKKKMAFATS NA

Table 1 Candidate peptides with structural and functional similarity to the phospholipid-binding region of domain V of beta-2 
glycoprotein I

1Refers to the percentage of inhibition of 100 nmol/L of beta-2 glycoprotein I binding to cardiolipin produced by 6uM of each peptide. CMV: Cytomegalovirus; 
NA: Not available; β2GPⅠ: Beta-2 glycoprotein Ⅰ; CL: Cardiolipin.
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antibodies induced a higher frequency of fetal loss, 
thrombocytopenia and prolonged activated partial 
thromboplastin times at day 15 after inoculation. Even 
further evidence comes from a study utilizing protein 
H found in Streptococcus pyogenes isolates. Protein 
H was able to bind to β2GPⅠ, induce changes in the 
conformation of the protein, expose cryptic epitopes and 
consequently allow for the development of anti-β2GP
Ⅰ antibodies[68].

Several infectious agents have been linked to aPL 
production and APS manifestations[63]. Human immuno-
deficiency virus, Human T-cell lymphoma/leukemia 
virus, CMV, hepatitis B and C viruses, parvovirus B19 
and Varicella Zoster Virus are a few for which these 
associations have been reported[69]. It is clear that 
infectious agents play a major role in pathogenic aPL 
production but what remains uncertain is the mechanism 
which underlies the break in tolerance allowing for these 
autoantibodies to be produced. Additional methods of 
autoimmune induction by infectious agents include the 
release of cytokines and chemkines, selective activation 
or destruction of unique lymphocyte subsets or hidden 
epitope exposure during cell necrosis or apoptosis[70-72]. 

The majority of circulating β2GPⅠ exists in a reduced 
form containing unpaired cysteines (free thiols), 
which are involved in the interaction with platelets and 
endothelial cells. This abundant pool of free thiols may 
serve as an antioxidant reservoir protecting cells or 
critical molecules from oxidative stress and oxidation 
of β2GPⅠ has been shown to confer an increase in 
its immunogenicity through a Th1 immunological 
mechanism. It is therefore possible that the generation 
of reactive oxidative and nitrosative species by certain 
infectious agents could allow for generation of an 
abundance of oxidized β2GPⅠ and foster autoantibody 
production. Indeed, serum from patients with APS 
assessed by a novel enzyme linked immunoassay (ELISA) 
assay, have a significant increase in oxidized β2GPⅠ[73] 

(Figure 1).
The break in tolerance in APS patients is also likely 

to involve regulatory T-cell (Treg) function based on 
recent evidence. Peripheral blood mononuclear cells 
isolated from healthy donors were subjected to increa-
sing concentrations of aPL and there was evidence 
of significant changes in T-cell subsets compared to 
controls[74]. T-helper2 (Th2) and Th17 cell frequencies 
were increased, while Th1 and Treg cells were decreased. 
Subsequently, a study done in primary APS patients 
reported a reduced frequency of CD4+ CD25+ foxp3+ 
T-regulatory cells in these patients compared to 
controls[75]. Taken together, these studies indicate that 
Th1/Th2 imbalance, Th17 upregulation and Treg dysfun-
ction play potential roles in aPL production and APS 
development (Figure 1).

Rauch et al[76] have recently put forward a hypothesis 
that highlights the central part played by toll-like 
receptors (TLRs), especially TLR4, in inducing a break in 
tolerance, aPL production and epitope spread to several 
autoantigens based on their work[76]. Quite recently, 
Aguilar-Valenzuela et al[77] demonstrated for the first 

time that both TLR7 and TLR9 are involved in pathogenic 
aPL production by utilizing lupus prone mice treated with 
CMV derived peptides in the presence of TLR7 or TLR9 
agonists and other lupus prone mice deficient in TLR7 or 
both TLR7 and TLR9. 

Other enviromental agents
Although there is only limited and often inconclusive 
data linking environmental agents such as vaccines, 
drugs and cancer to APS, these associations have been 
reported[78,79]. Associations with acrylamide, silicone and 
vaccines have been outlined in case reports but remain 
unproven[80,81].

Drugs are able to bind self-antigens, alter their 
processing and presentation to immune cells and in 
essence creating neopeptides or expose cryptic epitopes, 
facilitating autoimmune induction[82]. Similar to other 
non-infectious environmental agents, several drugs have 
been reported to be associated with aPL production but 
conclusive evidence has not been presented. These 
drugs include antibiotics, propranolol, chlorpromazine, 
antiarrhytmic agents, quinine, amoxicillin, phenytoin, 
chlorothiazide, oral contraceptives, anti-hypertensive 
medications, alphainterferon, and infliximab[82-85]. 

Solid and hematologic cancers have been linked 
to aPL, which is perhaps most significant as it relates 
to an increased risk for thrombosis in patients with an 
already elevated risk and the potential for development 
of catastrophic antiphospholipid syndrome (CAPS). 
The underlying pathogenetic mechanisms of to this 
association are as yet unclarified but may be related to 
an anti-tumor immune response or neoantigen formation 
during immunomodulatory drug therapy with agents like 
interferon-α[86].

APOPTOSIS IN APS DEVELOPMENT
Apoptosis is a normal regulatory process of tissue 
turnover in response to different homeostatic stimuli. 
However, as a result of this process there is continuous 
exposure of self-antigens to the immune system and so 
the key to prevention of autoimmune induction is efficient 
clearing of apoptotic debris. In the thymus and bone 
marrow, these clearance mechanisms are extremely 
efficient and since there is also a lack of costimulatory 
signals in these central lymphoid organs, no induction 
of autoantibodies occurs under normal circumstances. 
However, apoptosis results in disruption of intracellular 
boundaries and the clustering and structural modification 
of nuclear, cytoplasmic and membrane antigens. In the 
absence of efficient clearance mechanisms, normally 
unexposed antigens are subject to immune recognition, 
resulting in autoantibody production[87]. 

During apoptosis, a negatively charged PL, PS, 
which is normally found almost entirely on the inner 
cytoplasmic leaflet, is transferred to the outer leaflet[88,89]. 
This is important in APS as it provides an antigen for 
aPL binding and such autoantibodies that bind apoptotic 
cells via interaction with PL-β2GPⅠ complexes have been 
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Figure 1  Proposed pathogenetic mechanisms leading to antiphospholipid antibody production in antiphospholipid syndrome. aPL: Antiphospholipid; TLR: 
Toll-like receptors.
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identified[90-92]. Indeed, the antigenic reactivity of several 
aPL with a complex formed between anionic phospholipid 
(e.g., PS) and β2GPⅠ or β2GPⅠ in isolation[93]. During 
the apoptotic process in autoimmune patients, the 
sequestration of PS induces specific recognition by 
macrophages and subsequent removal[94], and the 
PS/β2GPⅠ complex recruits anti-β2GPⅠ, which then 
facilitates apoptotic cell clearance and preserves tissue 
homeostasis[95]. 

The concept that apoptosis plays a role in the 
production of aPL was first proposed by Piroux et al[92]. 
Subsequent studies have provided evidence that 
apoptotic cells/β2GPⅠ complexes can act as a source of 
anti-β2GPⅠ antibodies. Levine et al[96] reported that β2GP

Ⅰ do not readily bind to the surface of viable cells but 
rather to the surface of apoptotic cells. Once bound, the 
exposure of an essential epitope facilitates recognition 
by aPL from patients with primary APS and SLE. 
Interestingly, increased aPL production can be induced in 
mice immunized with apoptotic cells alone or complexed 
to β2GPⅠ. A recent study highlighted the importance 
of the Ro60 receptor in β2GPⅠ precipitation in apoptotic 
bodies[95-99].

CONCLUSION
The relative degree to which inherited and acquired 
factors determine the risk for developing aPL and APS 
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has not been fully elucidated. The most likely scenario 
is a complex interplay of a multitude of environmental 
factors in a genetically susceptible patient, which then 
induces autoantibody development and consequently 
typical disease manifestations. Once there is a more 
complete comprehension of the relative contributions 
of these varied factors, researchers and clinicians alike 
will be able to implement more effective preventive and 
therapeutic management guidelines for these patients. 
Future studies should focus on the elucidation of those 
specific immune factors leading to a break in tolerance 
and subsequent aPL production, as a stepping stone 
to the development of appropriate preventive and 
therapeutic modalities.
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Abstract
Knee osteoarthritis (OA) is a progressive joint disease 
hallmarked by cartilage and bone breakdown and 
associated with changes to all of the tissues in the 
joint, ultimately causing pain, stiffness, deformity and 
disability in many people. Radiographs are commonly 
used for the clinical assessment of knee OA incidence 
and progression, and to assess for risk factors. One risk 
factor for the incidence and progression of knee OA is 
malalignment of the lower extremities (LE). The hip-
knee-ankle (HKA) angle, assessed from a full-length 
LE radiograph, is ideally used to assess LE alignment. 
Careful attention to LE positioning is necessary to obtain 
the most accurate measurement of the HKA angle. Since 
full-length LE radiographs are not always available, 
the femoral shaft - tibial shaft (FS-TS) angle may be 
calculated from a knee radiograph instead. However, the 
FS-TS angle is more variable than the HKA angle and it 
should be used with caution. Knee radiographs are used 
to assess the severity of knee OA and its progression. 
There are three types of ordinal grading scales for knee 
OA: global, composite and individual feature scales. 
Each grade on a global scale describes one or more 
features of knee OA. The entire description must be 
met for a specific grade to be assigned. The Kellgren-
Lawrence scale is the most commonly-used global scale. 
Composite scales grade several features of knee OA 
individually and sum the grades to create a total score. 
One example is the compartmental grading scale for 
knee OA. Composite scales can respond to change in a 
variety of presentations of knee OA. Individual feature 
scales assess one or more OA features individually and 
do not calculate a total score. They are most often used 
to monitor change in one OA feature, commonly joint 
space narrowing. The most commonly-used individual 
feature scale is the OA Research Society International 
atlas. Each type of scale has its advantages; however, 
composite scales may offer greater content validity. 
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Responsiveness to change is unknown for most scales 
and deserves further evaluation.
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Core tip: Radiographs are commonly used for the clinical 
assessment of knee osteoarthritis (OA) and to assess for 
risk factors. One risk factor for knee OA is malalignment 
of the lower extremities (LE). LE alignment is ideally 
measured from a full-length LE radiograph. While knee 
radiographs are sometimes used, the resulting angle is 
much more variable and should be used with caution. 
Knee radiographs are also used to assess the severity 
of knee OA. Global, composite and individual feature 
grading scales may be used. Each type of scale has its 
advantages; however composite scales may offer greater 
content validity.

Sheehy L, Cooke TDV. Radiographic assessment of leg 
alignment and grading of knee osteoarthritis: A critical review. 
World J Rheumatol 2015; 5(2): 69-81  Available from: URL: 
http://www.wjgnet.com/2220-3214/full/v5/i2/69.htm  DOI: 
http://dx.doi.org/10.5499/wjr.v5.i2.69

INTRODUCTION
Osteoarthritis (OA) is a progressive joint disease hall
marked by cartilage and bone breakdown. In knee 
OA, excessive or prolonged force or instability leads 
to fibrillation and thinning of the articular cartilage[1]. 
Associated with cartilage changes, the periarticular 
bone remodels, causes osteophytes. Erosion of the 
subchondral bone occurs as the cartilage continues to 
wear. Deeper into the bone structure, areas of sclerosis 
and cysts form. It has been acknowledged recently that 
other tissues, such as ligaments, menisci and synovium 
are also affected in knee OA. These whole joint changes 
ultimately cause pain, stiffness, deformity and disability 
in many people.

The prevalence of knee OA ranges from 5.4% in Italy 
to 38% in South Korea[29]. These numbers show the 
rate at which the population is affected by knee OA, and 
suggest that a significant portion of older adults, at least 
one in twenty, and up to one in three, may be dealing 
with knee pain, stiffness and related disability.

Despite the increasing use of magnetic resonance 
imaging (MRI) for knee OA research, radiographs are 
most commonly used for the clinical assessment of 
knee OA incidence and progression. Articular features 
of knee OA such as osteophytes, joint space narrowing 
(JSN), sclerosis and bony deformity may be observed 
on a knee radiograph, which is simple and fast to obtain. 

Radiographs are also used to assess frontalplane align
ment. This information may be used to identify the risk 
of knee OA incidence and progression and may be used 
for treatment planning. The first part of this review will 
address the measurement of tibiofemoral (TF) frontal
plane alignment. The measurement of knee OA severity 
and progression from knee radiographs will be discussed 
in the second part of this review. 

Malalignment of the lower extremity (LE) has been 
identified as one factor associated with knee OA develo
pment[10]. Being bowlegged (varus, genu varum) is 
the most common frontalplane malalignment; it leads 
to increased loading in the medial TF compartment[11]. 
Being knockkneed (valgus, genu valgum) decreases 
the loading in the medial TF compartment but increases 
the loading in the lateral TF compartment. Increased 
loading is associated with an increased risk of OA in 
that TF compartment. Progression of existing knee OA 
is highly associated with varus [odds ratio (OR) 2.90 to 
10.96, P < 0.05] and valgus (OR 3.42 to 10.44, P < 0.05) 
deformities[1117]. The risk for progression increases with 
the degree of deformity[11,13,14,16,18]. The association of 
knee OA onset and malalignment is weaker (varus OR 2.1, 
P < 0.05; valgus OR 2.5, P < 0.05)[16,17].

It is important that LE alignment is measured accur
ately, so that interventions can be prescribed appropriately, 
and research studies which include LE alignment can be 
compared to one another. The presence of varus or valgus 
alignment may suggest the need for early intervention, 
for example, orthotics, braces or surgical correction (tibial 
osteotomy)[16,19]. An accurate measurement of alignment 
is also essential for proper placement of the implant 
during knee arthroplasty surgery. Proper placement 
resulting in restoration of neutral alignment ensures more 
even load distribution and prevention of premature wear 
and loosening of the implanted joints[2025]. 

The diagnosis of knee OA is based on symptoms 
of pain and stiffness, and the presence of OA changes 
on a knee radiograph. Assessment of the knee by plain 
radiographs is routinely done to define the presence and 
severity of knee OA for diagnosis, to monitor progression 
and to guide treatment decisions[2629]. In research 
studies, radiographic assessments are also used to guide 
participant eligibility and to stratify participants according 
to OA severity[5,30]. Individual characteristics such as 
biometrics (body mass index, age, etc.), involvement 
of other joints, malalignment, family history and history 
of injury are commonly correlated to measures of knee 
OA severity to investigate risk factors[3036]. Studies 
of potentially diseasemodifying OA drugs and other 
treatments also use knee OA assessments as outcome 
measures[37,38]. 

Grading scales are applied to knee radiographs to 
rate the severity of OA (Table 1). Current scales vary 
from poor to excellent in their reliability[26,39,40], poor to 
moderate in their sensitivity to change[41,42] and negligible 
to moderate in their relationship to other knee OA 
features (pain, alignment, function)[4345]. Consistent use 
of a reliable, valid and responsive grading scale would 
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ensure relevant longitudinal clinical evaluations and the 
ability to compare results between research studies.

FRONTAL-PLANE LE ALIGNMENT
Determination of LE alignment using full-length 
radiographs
The criterion standard measure of frontalplane LE 
alignment is the hipkneeankle (HKA) angle, also known 

as the mechanical axis angle, measured from a full
length LE radiograph[4648]. This is the angle subtended by 
a line drawn from the centre of the femoral head to the 
center of the knee (femoral mechanical axis) with a line 
drawn from the center of the knee to the centre of the 
tibial plafond or ankle talus (tibial mechanical axis) (Figure 
1). Varus angles are commonly designated negative and 
valgus angles positive[48]. “Normal” alignment in healthy 
adults is generally considered to be 1° to 1.5° of varus, 
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Scale type Ref. Pros Cons Uses

Global Kellgren and 
Lawrence[67,69]

Widely used
Adopted by the World Health 
Organization (1961) and at the 
3rd International Symposium of 

Rheumatic Disease (1966)
Moderate to excellent reliability

Multiple descriptions of the levels 
have been published

Emphasizes osteophytes
Poor sensitivity to change

Epidemiological studies
Outcome measure (research)

Clinical use

Ahlbäck[65]

Galli[91]
One version uses a template, 
placed over a radiograph, to 
show typical bone contour

Poor reliability
Emphasizes joint space narrowing

Epidemiological studies

Sundaram et al[68] No psychometric testing
Defines early OA as osteophytes 

only

Epidemiological study for knee OA after 
tibial dome osteotomy

Brandt et al[66] Good correlation to damage 
seen at arthroscopy

No reliability testing performed
Emphasizes joint space narrowing

Classify participants for research studies

Composite Satku et al[97] Includes a variety of features of 
knee OA

No psychometric testing Used in research to describe OA development 
after anterior cruciate ligament tears

Kannus et al[96] Includes many features of knee 
OA, in a variety of locations in 

the knee
Good reliability

Very complicated Used in research to describe OA development 
after anterior cruciate ligament tears

McAlindon et al[99] Moderate reliability
Includes several compartments 

of the knee

Assesses both knees at once Research on the association between knee 
pain, disability, strength and radiographic 

evidence of knee OA
Merchant et al[98] Includes several features of knee 

OA
No psychometric testing Research on the onset of knee OA after ankle 

or lower leg injuries
Compartmental grading 
scale for knee OA (CG)

Cooke et al[100]

Includes several features of knee 
OA

Excellent reliability

Epidemiological studies 
Part of the Knee Surgery Triage Tool

Individual Osteoarthritis Research 
Society International 

atlas
Altman et al[26]

Most commonly-used individual 
OA feature scale

Moderate reliability

Often used to assess only joint 
space narrowing

Epidemiological studies 
Monitor progression of knee OA

Thomas et al[110] No psychometric testing
Cooper et al[105] No psychometric testing

Spector et al[30,34,109]

Braga et al[116]

O'Reilly et al[117]

Fair to excellent reliability Epidemiological studies
Classify participants for intervention studies

Scott feature based 
scoring system

Scott et al[82]

Scores 8 different OA features
Fair to excellent reliability

Epidemiological studies
Outcome measure

Nottingham logically 
derived line drawing 

atlas
Nagaosa et al[107]

Line drawings are meant 
to avoid problems using 
radiographs in an atlas

Moderate reliability

Epidemiological studies
Outcome measure (research)

Knee images digital 
analysis

Marijnissen et al[130]

Muraki et al[131] 

Uses continuous scales
Excellent reliability

Only good-quality radiographs 
can be used

Epidemiological studies

Knee OA computer-
aided diagnosis

Oka et al[81]

Uses continuous scales
Excellent reliability

Epidemiological studies

Table 1  Summary of knee osteoarthritis grading scales

OA: Osteoarthritis.
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(Figure 1). The centre of the talus or tibial plafond at the 
ankle is determined using a ruler placed on the radio
graphic image.

LE positioning
Use of a standardized and replicable approach for 
LE positioning is important for reliable and accurate 
alignment measurements. Changes in limb rotation, foot 
position and knee flexion alter the HKA angle[46,48,54,55]. 
For example, external rotation has been shown to 
increase the appearance of varus malalignment[56]. Some 
authors use a selfselected stance or the Romberg stance 
position (with medial borders of feet touching)[57]. Others 
use anatomical landmarks based on such features as 
the patella and the tibial tubercle[46]. None of these 
methods account for the variability between individuals 
with respect to rotation of the femur and tibia, position of 
the bony landmarks, flexibility of the feet (for example, 
pes planus leads to internal rotation of the tibia) and the 
relative length of the hip musculature (for example, a 
tight piriformis can lead to excessive external rotation of 
the hip when in a selfselected stance position). 

The LE should be positioned in neutral alignment 
such that the knee flexion angle is directly in the sagittal 
plane[46]. This is accomplished by positioning the patient 
or participant with the heels placed a standard distance 
apart (for example, 9 cm between the centres of the 
heels) and adjusting the rotation of the legs until the 
knee flexion axis, observed as the knee is flexed and 
extended, lies directly in the frontal plane. Foot position 
may be recorded from a template marked in degrees 
of internal and external rotation (Figure 2). Use of a 
template allows for reliable repositioning at subsequent 
assessments.

Determination of LE alignment using knee radiographs
Fulllength LE radiographs are not always used. They 
require specialized equipment and technician training, 
are more costly and expose the patient to higher doses 
of radiation, particularly at the pelvis. As a result, knee 
radiographs are often used to estimate alignment and 
the HKA angle[17,58]. The angle calculated on a knee 
radiograph is called the femoral shafttibial shaft (FS
TS) angle, or the anatomic axis angle[47]. This is the 
angle subtended by a line drawn from the centre of the 
femoral shaft proximal to the knee (femoral anatomic 
axis) and a line drawn from the centre of the tibial shaft 
distal to the knee (tibial anatomic axis). The femoral and 
tibial shaft points are generally measured 10 cm from 
the knee joint, to accommodate the portion of the long
bone shafts commonly seen on a knee radiograph[47,51]. 
The tibial anatomic axis is similar to the tibial mechanical 
axis (Figure 1). Similar to the definition of the HKA 
angle, one or two points at the knee may be chosen to 
determine the anatomic axes[59]. The tibial interspinous 
point is frequently used as a single point reference at the 
knee[47,49]. 

There are concerns that the FSTS angle does not 

or 1° to 1.5°[4951].
The points used for determining the HKA angle have 

varied, especially around the knee[47,48]. The centre of the 
femoral head is found by placing a circle template over 
the femoral head on the radiograph, then marking the 
centre of this circle. There are several locations which 
may be used for the points at the knee. Many use a 
single point, often the centre of the tibial spines[11,47,49]. 
Moreland et al[51] used a single point at the knee that 
was the average of several measured knee landmarks. 
Others used the centre of the femoral intercondylar 
notch as the distal point for the femoral mechanical axis, 
and the centre of the tibial interspinous groove as the 
knee point for the tibial mechanical axis[11,48,52,53]. Using 
two points at the knee is preferred because it allows for 
the identification of the femoral and tibial contributions to 
deformity, and to define the extent of knee subluxation[48] 

72WJR|www.wjgnet.com July 12, 2015|Volume 5|Issue 2|

Figure 1  Diagram of a varus knee illustrating the mechanical and anatomic 
axes and angles. The FS-TS angle is 4° to 6° valgus compared to the HKA 
angle. (Modified from Cooke and Sled[46]). FM: Femoral mechanical axis; TM: 
Tibial mechanical axis; FA: Femoral anatomic axis; TA: Tibial anatomic axis; 
HKA: Hip-knee-ankle angle (mechanical angle); FS-TS: Femoral shaft-tibial 
shaft angle (anatomic angle).

110°
80°100° 90° 80° 90° 100° 110°

Figure 2  Calibrated template, used to position feet and to reliably measure 
lower extremity rotation. (Modified from Orthopedic Alignment and Imaging 
Systems, Inc.)
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produce an accurate estimate of the HKA angle[53,60]. The 
FSTS angle is offset towards valgus compared to the 
HKA angle by 4° to 6° for healthy individuals and 1.5° to 7° 
in individuals with knee OA[47,49,52,59,61], with a low to high 
correlation between the two measurements, r = 0.34 to 
0.88, P < 0.005 in participants with knee OA[47,58,59,61,62]. 
The offset between the HKA and FSTS angles is 
significantly greater in individuals with knee OA compared 
to healthy controls (ttest, P < 0.001)[52]. Two factors 
influence the relationship between the FSTS and HKA 
angles. The first is the nature and severity of varus or 
valgus deformity[52,63,64]. The second factor is the length of 
the femoral and tibial shafts used when calculating the FS
TS angle[49,51]. In two studies, the FSTS angle measured 
with a short femoral anatomic axis was 4.0° to 4.2° 
more valgus than the HKA angle, but with a long femoral 
anatomic axis the difference was 5.8° and when using 
the entire femoral shaft the difference was 4.9° to 5.9°
[49,51]. In another study, the FSTS angle measured with a 
short femoral anatomic axis for individuals with moderate 
to severe varus alignment, was an average of 7.4° more 
valgus than the HKA angle while for individuals with 
moderate to severe valgus alignment, the FSTS angle 
was an average of 2.3° more valgus[60]. These studies 
illustrate how the shape of the femoral shaft impacts the 
relationship between the HKA and FSTS angles. In order 
of importance, lateral bowing of the femoral shaft, tibial 
bowing and the angle between the tibial plateau and the 
tibial shaft all influence the relationship between these 
angles[52]. The FSTS angle also shows more variability 
than the HKA angle[49,60]. The variability is increased when 
FSTS angle measurements are calculated using a shorter 
amount of the femoral and tibial shaft lengths. Therefore 
it is recommended that the HKA angle, measured from 
a fulllength LE radiograph, should be used to ensure an 
accurate measurement of LE alignment[62]. 

Summary and recommendations
Because frontalplane alignment is an important risk 
factor for the onset and especially the progression of 
knee OA, it is regularly assessed for research and clinical 
purposes. The “gold standard” evaluation of frontalplane 

alignment is the HKA angle measured from a fulllength 
LE radiograph; however knee radiographs are often used 
to calculate the FSTS angle, used to estimate the HKA 
angle. There is an offset between these angles of 4° to 6°, 
but this offset varies depending on the type and degree 
of malalignment of the individual, and the method used 
to calculate the FSTS angle. For the above reasons, 
we strongly recommend that the HKA angle be used 
for clinical and research purposes whenever accurate 
information on alignment is needed. Attention to careful 
positioning of the limb with the knee flexion axis directly 
in the frontal plane will reduce rotational errors.

GRADING THE SEVERITY OF TF OA 
Global scales
Global scales are ordinal scales that have specific descri
ptions for each grade[6568]. Each level describes one or 
more features of OA that must be met for that particular 
level to be ascribed to a radiographic image. Global scales 
require an individual’s particular presentation of OA to 
“fit” all of the criteria for a given level of the scale. The 
earliest and by far the most commonlyused global scale 
is the KellgrenLawrence (KL) grading scale[67] (Figure 3). 
Others include those developed by Ahlback[65], Sundaram 
et al[68] and Brandt et al[66].

KL Grading scale
The KL scale, first described in 1957, gives an overall 
score of OA severity from zero to four[67,69]. Their scale 
was applied widely for any joints affected by OA and 
served as an important screening tool in epidemiological 
studies. In their initial publication the authors considered 
the following features evidence of OA: osteophytes 
on the joint margins or the tibial spines; periarticular 
ossicles; narrowing of joint space associated with scle
rosis of subchondral bone; small pseudocystic areas, 
usually in the subchondral bone; and altered shape of 
the bone ends[67]. Both TF compartments of the knee 
were assessed using a standard set of radiographs for 
reference. Considering all features of OA, a grade of zero 
(no OA), one (doubtful OA), two (minimal OA), three 
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Type of scale Representative scale

Global scale Kellgren-lawrence scale[67] Grade
2

Composite scale Compartmental grading 
scale for knee OA[100]

Joint space 
narrowing

 1

Femoral 
osteophytes 

2

Tibial erosion

 0

Subluxation

 0

Total score

 3
Individual OA 
feature scale

Osteoarthritis Research 
Society International atlas[26] 

Joint space narrowing
2

Sheehy L et al . Alignment and grading of knee osteoarthritis

Figure 3  Knee radiograph assessed with representative global, composite and individual feature osteoarthritis grading scales. The knee is in neutral rotation 
and slight varus alignment.  The medial tibiofemoral compartment is most-affected. OA: Osteoarthritis.



(moderate OA), or four (severe OA) was given. Inter
rater reliability was reported (Pearson’s r = 0.83), but 
the authors acknowledged that one of the two readers 
consistently assessed the radiographs as showing more 
severe OA, illustrating the difficulty of using Pearson’s 
correlation coefficients to adequately assess reliability. 
Intrarater reliability was the same (Pearson’s r = 0.83). 

In 1963 an atlas (republished in 2005[70]) was 
produced by Kellgren et al[69] which included written 
descriptions of each grade: Grade 1: doubtful narrowing 
of joint space and possible osteophytic lipping; Grade 
2: definite osteophytes and possible narrowing of joint 
space; Grade 3: moderate multiple osteophytes, definite 
narrowing of joint space and some sclerosis and possible 
deformity of bone ends; and Grade 4: large osteophytes, 
marked narrowing of joint space, severe sclerosis and 
definite deformity of bone ends.

Later, in a 1977 publication, Lawrence[71] described 
the grades as such: Grade 1: minute osteophyte of 
doubtful significance the only feature; Grade 2: definite 
osteophyte, joint space unimpaired; Grade 3: moderate 
diminution of joint space; and Grade 4: joint space greatly 
impaired, subchondral sclerosis.

The KL scale was adopted by the World Health Organi
zation in 1961 and has remained the most prominent 
scale for screening OA and grading disease severity[72]. 
Its use as a standard evaluation for radiographic knee OA 
was reconfirmed at the third International Symposium on 
Rheumatic Disease in New York in 1966[73]. OA incidence 
is defined by a KL grade of two[67].

Despite its widespread use, there are continuing 
concerns about the KL scale[72,74,75]. As evident in the 
above descriptions, osteophytes must be present for a 
KL grade greater than zero to be given. The radiographic 
presentations of knee OA vary. Some show JSN but lack 
osteophytes; they would be assessed as grade zero on 
the KL scale[66]. For the Framingham OA Study, Felson 
et al[76] modified the KL scale by adding a second grade 
two category for radiographs showing JSN without 
osteophytes. None of their participants actually fit this 
new category, highlighting the difficulties of using the KL 
scale for assessment of knee OA[76]. 

A second important issue is that there are multiple 
descriptions of the KL grades which create variability in 
their interpretation[40,74,77,78]. This variability may allow 
individual research participants to be misidentified as 
having, or not having, OA, and creates difficulty in 
comparing research studies[74,79].

Several authors have assessed the intra and inter
rater reliability of the KL scale[39,40,8083]. Intrarater relia
bility [Cohen’s weighted kappa 0.50 to 0.88; Cohen’s 
kappa 0.84 to 0.99; Spearman’s correlation coefficient 
0.89; Intraclass correlation coefficient (ICC) 0.85 to 
0.93] and interrater reliability (Cohen’s weighted kappa 
0.56 to 0.80; Cohen’s kappa 0.59 to 0.76; Spearman’s 
correlation coefficient 0.85; ICC 0.68 to 0.84) generally 
fall in the moderate to excellent range[39,40,8085].

A lack of sensitivity to change using the KL scale has 
been reported[41], and although it was not created to 

follow change in OA severity over time, but rather to be 
used as a screening tool for epidemiological studies, it 
is frequently used for this purpose[74,86]. There are only 
five grades, and the scale is not linear. Differentiating 
between grades zero and one, and one and two can 
be especially difficult[74,79,87]. To illustrate this point, the 
border between “possible osteophytic lipping (grade 
one)” and “definite osteophytes (grade two)” is very 
subjective and the “narrowing of joint” in the grade 
three description can include joints with almost no joint 
narrowing to joints with almost no joint space left[74]. 
In order to increase its sensitivity to change, Felson et 
al[74] proposed two changes to the KL scale: grade two 
to include the requirement of both osteophytes and JSN, 
and a new grade, two/osteophyte, which describes a 
knee with osteophytes but no JSN. They do admit that 
further changes, while addressing some of the problems, 
might also add to the confusion created because of 
different definitions of the scale. 

KL grades are moderately to poorly correlated with 
cartilage lesions (Spearman’s correlation r = 0.55, P 
< 0.01) and cartilage volume (Pearson’s correlation r 
= 0.30 to 0.49 depending on location, P < 0.01) as 
measured from MRI[44,88]. Correlations of KL grade to 
cartilage damage seen at arthroscopy are similar to those 
measured from MRI (Pearson’s correlation r = 0.49, CI: 
0.38 to 0.59), with a higher association for the medial 
compartment[89,90]. These results suggest that the KL 
scale, with its emphasis on osteophytes, has significant 
limitations for the grading of knee OA severity.

Other Global scales
Global scales other than the KL scale tend to focus on 
one feature of knee OA. Ahlback[65] published descriptions 
of six stages of knee OA based on the combination of JSN 
and bone attrition only[65,91]. Stages zero to two describe 
JSN only, with progressive bone attrition described in 
stages three to five. Ahlback and Rydberg[92] described 
the stages in a further publication with altered wording. 
Thirty five years after the initial description, two studies 
showed that intrarater (Cohen’s weighted kappa 0.17 to 
0.35; Cohen’s kappa 0.15 to 0.76) and interrater relia
bility (Cohen’s weighted kappa 0.18 to 0.45; Cohen’s 
kappa 0.01 to 0.21) of the Ahlback scale were variable 
but tended to be poor[91,93]. Dieppe et al[94] subsequently 
improved the reliability by using a template showing 
typical bone contour, to be laid over a knee radiograph.

Sundaram et al[68] created a sevenpoint radiographic 
scale to assess the entire TF joint for knee OA after tibial 
dome osteotomy. Their grading system was very similar 
to the KL scale in that osteophytes were considered 
the initial presentation of the disease, with JSN being 
identified at grade three. Psychometric testing was not 
performed on this scale.

Finally, Brandt et al[66] created a JSNweighted scale 
that they contrasted to the KL scale. Secondary features 
included subchondral sclerosis, geodes and osteophytes. 
Brandt scale scores were compared to cartilage damage 
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seen at arthroscopy; the Pearson’s correlation coefficient 
was r = 0.56 (CI: 0.46 to 0.65)[89]. This scale has been 
used to classify research participants for orthopaedic 
surgical outcomes research[95].

Composite scales
Composite scales score several features of OA individu
ally, then add them to create a total score[96100]. Felson 
et al[101] studied several radiographic features of OA and 
found that a combination of one or two features (osteo
phytes alone, or JSN and a bony feature such as a cyst, 
sclerosis or small osteophyte), each scored individually, 
correlated best with clinical symptoms of pain and 
crepitus, lending support to the usefulness of composite 
scales. Altman et al[26] also discovered that a sum of the 
individual scores for JSN, bone spurs, sclerosis, attrition 
and alignment was more sensitive to change over time 
than each individual score alone. Unlike global scales, 
composite scales are able to follow the course of several 
separate OA features, and can respond to change in 
individuals with a variety of radiographic presentations.

Two scales were designed to follow the development 
of knee OA in individuals with anterior cruciate ligament 
tears[96,97]. Satku et al[97] scale grades osteophytes, peaking 
of the tibial spine, JSN and subchondral sclerosis or cysts 
in several locations in the knee, each on a scale of zero 
to one or two, to give a total score of 14. Kannus et al[96] 
created a complicated scale that measured osteophytes, 
subchondral sclerosis, flattening of the femoral condyles, 
subchondral cysts, ligament calcification, JSN and angular 
deformity at a variety of locations within the knee. 
Individual scores were out of three to 12, for a total score 
of 100[96]. Lower scores denoted more severe disease. 
It was reported to have good to excellent intrarater 
reliability (Cohen’s kappa 0.70) and interrater reliability 
(Pearson’s correlation 0.94; Spearman’s correlation 
0.90)[102].

McAlindon et al[99] created a scale to investigate the 
association between knee pain, disability, knee strength 
and radiographic score. They scored JSN, osteophytes 
and sclerosis in several compartments of both knees to 
sum to a possible score of 30[99]. Intrarater reliability 
was moderate (Cohen’s kappa of 0.57)[99]. Another scale 
was created by Merchant et al[98] to follow individuals 
after ankle or lower leg injuries to investigate the onset 
of knee OA changes. A “normal” joint was given a score 
of ten and points were subtracted for osteophytes, JSN, 
degenerative cysts and subchondral sclerosis observed in 
both TF compartments[98]. Psychometric testing was not 
reported. 

Compartmental Grading scale for knee OA
The compartmental grading scale for knee OA (CG) was 
created in 1999 by Derek et al[100], who wished to create 
a scale that was correlated with changes in alignment 
and deformity caused by OA. The CG scores femoral 
osteophytes (out of three), JSN (out of three), tibial 
erosion (out of four) and subluxation (out of three) for 

a total possible score of 13 (Figure 3). Only the most
affected TF compartment is scored. Tibial osteophytes 
are excluded in order to prevent overweighting the 
scale with osteophytes and because tibial osteophytes 
frequently decrease in size as OA worsens and the knee 
subluxes. Tibial erosion is included because it is common 
and may contribute to joint instability as it progresses. 
Similarly subluxation, a feature unique to the CG, is 
incorporated because it also contributes to joint instability 
and disability. The CG is highly correlated to frontalplane 
alignment (Pearson’s correlation r = 0.77, P < 0.001). 
Sclerosis is not included because bone density is highly 
variable between people and is affected by obesity and 
variations in image quality. Equal weight is given to 
osteophytes, JSN and subluxation, and slightly more 
weight to tibial erosion. This approach was intended to 
reduce the emphasis of one feature (i.e., osteophytes) 
over another and provide for a balanced opportunity for 
sensitivity to change in those with different presentations 
of OA.

Initial results showed an interrater reliability 
(Cohen’s weighted kappa) of 0.92 using anteroposterior 
fullextension radiographs[100]. The CG has been used 
for research[103] and is a component of the Knee Surgery 
Triage tool, which incorporates disability evaluation 
and radiographic grading to guide clinicians in surgical 
decisionmaking[104].

Individual OA Feature Grading scales
Apart from the KL scale, the most common method 
to assess knee OA severity is to assign grades to indivi
dual features of OA such as osteophytes, JSN and 
sclerosis[26,82,105110]. An atlas is used to guide interpretation 
of each feature. Even though each individual feature only 
describes one aspect of OA, individual feature scales are 
often used to monitor change over time. The mostoften 
used individual OA feature scale was described by Altman 
et al[26].

OA Research Society International Atlas
The most commonlyused individual OA feature scale 
is the OA Research Society International (OARSI) atlas, 
which was created by Altman et al[26] (the San Francisco 
Conference Group) in 1987 (Figure 3). For the knee, 
five OA features were assessed [JSN, spur formation, 
loss of bone stock (attrition), subchondral bony sclerosis 
and frontalplane alignment] and each scored from zero 
to three. Medial and lateral TF compartments were 
assessed separately (except for alignment), giving 
nine individual scores. A total score was not calculated. 
Initial intrarater reliability scores (measured with ICCs) 
for each feature varied from 0.40 to 1.0, although it is 
important to note that only three radiographs were used 
for this analysis[26]. Interrater reliability scores (measured 
with ICCs) were slightly lower, varying between 0.32 
and 0.86, with JSN having the best reliability. In all cases 
medial compartment scores were more reliable than 
lateral compartment scores. JSN and bone spurs were 
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most sensitive to change over time. 
In order to standardize the interpretation of radio

graphs, OARSI published another radiographic atlas in 
1995 showing the spectrum of severity of three osteoarth
ritic features (JSN, marginal osteophytes and subchondral 
sclerosis), each scored from zero to three[111]. An updated 
atlas, available electronically, was published in 2007, 
emphasizing OA changes of medial and lateral femoral 
and tibial plateau osteophytes, medial and lateral JSN, 
medial tibial attrition, medial tibial sclerosis and lateral 
femoral sclerosis[112]. A modified version of the OARSI 
JSN scale was also created by Felson et al[13], whereby 
if JSN had increased over time, but not enough to 
warrant the next grade on the zero to three scale, a one
half grade was assigned. This modification enhanced 
sensitivity to change[13].

Grades assessed using the OARSI atlas have 
moderate to good reliability, with JSN more reliable than 
osteophytes[107]. Intrarater reliability (Cohen’s kappa 0.57 
to 0.91 for osteophytes, 0.77 to 0.83 for sclerosis and 0.68 
to 0.80 or ICC 0.79 to 0.95 for JSN) is somewhat higher 
than interrater reliability (Cohen’s kappa 0.33 to 0.88 for 
osteophytes, 0.77 for sclerosis, and 0.48 to 0.70 or ICC 
0.66 to 0.87 for JSN)[39,78,84,107,113,114].

Comparison of the OARSI atlas to findings from ar
throscopy has been performed[115]. Osteophytes show 
moderate sensitivity (49% to 67%) compared to 
arthroscopy however the other OA features show fair to 
poor sensitivity (3% to 46%). Specificity of all features is 
good to excellent (73% to 100%) relative to arthroscopic 
findings.

Other Individual OA Feature Scales
Thomas et al[110] and Cooper et al[105] created ordinal 
scales for individual features of knee OA, similar to the 
OARSI scale. Thomas et al[110] scored osteophytes, JSN, 
sclerosis and cysts, each on a scale of zero to three. 
Cooper et al[105] scored these same four features, plus 
abnormality of the bony contour, each on a scale of zero 
to two. Neither scale has been used extensively. More 
extensive use was made of an atlas produced by Spector 
et al[30,34,109,116,117] which scored TF osteophytes, sclerosis, 
JSN and cortical collapse, each on a scale of zero to one 
or three. Intrarater reliability (Cohen’s kappa 0.41 to 
0.96) and interrater reliability (Cohen’s kappa 0.30 to 
0.90) for osteophytes and JSN scored according to this 
scale ranged from fair to excellent[40,118].

Scott et al[82] published an atlas similar to the OARSI 
atlas which scored eight individual features of knee OA 
(medial and lateral osteophytes, medial and lateral JSN, 
medial and lateral subchondral sclerosis, osteophytes of 
the tibial spines and chondrocalcinosis) each on a scale 
from zero to one or three. Both medial and lateral TF 
compartments were included. This atlas was created 
for the Baltimore Longitudinal Study of Aging and is 
now referred to as the Scott Feature Based Scoring 
System[119]. It has been used in epidemiological studies 
and as an outcome measure[120122]. Intrarater reliability 

(ICC 0.80 to 0.89) and interrater reliability (ICC 0.40 
to 0.87) have been tested for osteophytes, JSN and 
sclerosis scored with this system and ranged from fair to 
excellent[82,85].

The nottingham logically derived line drawing atlas 
(LDLDA) consisted of line drawings rather than photo
graphs of radiographs[107]. JSN and osteophytes were 
scored on a scale of zero to three. The authors felt that 
line drawings could overcome some issues with the 
OARSI atlas[26], such as differences in magnification 
between radiographs and more than one OA feature 
shown on a particular radiograph. The LDLDA has been 
used to describe the participant sample in epidemiological 
studies[123], and as an outcome measure[124]. Also tested 
were variations of the scoring system described in the 
LDLDA, using grading scores from minus one to three, 
four and five[125], and from minus three to three, minus 
four to four, and minus five to five[126]. The authors 
expected that sensitivity to change might be enhanced 
with some of these variations, but did not actually test 
this hypothesis[125,126]. Finally, one of the modified scales 
was tested using an acetate overlay placed directly on 
the radiograph, to aid in determining the grades[127]. 
Reliability for each of these modified scales was as good 
as or better than the original scale[125127]. 

Digital evaluations
Two scales used computer software to quantitatively 
assess knee radiographs for OA changes[81,128]. The knee 
images digital analysis was an interactive software tool 
created for the cohort hip and cohort knee study[128,129]. 
Joint space width, osteophyte area, subchondral bone 
density, joint angle and tibial eminence height were 
measured using continuous scales[128,129]. While intra and 
interrater reliability were excellent, only goodquality 
radiographs could be fully analyzed by the software, 
and careful participant positioning was particularly 
important[129,130].

Knee OA computeraided diagnosis was a fully 
automated diagnostic system that measured joint space 
area, minimum joint space width, osteophyte area and 
TF angle on continuous scales[81]. It was created for the 
research on OA against disability (ROAD) study[81,131,132]. 
The intrarater reliability (ICC) for all parameters was 
1.0[81]. Sensitivity to change has not been investigated, 
but the authors claimed that quantitative radiograph 
analysis could be as sensitive as quantitative MRI. 

Summary and recommendations 
The accurate and reliable assessment of knee OA severity 
as seen on a radiograph is important for diagnosis and 
monitoring of disease progression. Since 1957, many 
global, composite and individual feature scales have 
been developed towards these goals. Global scales, 
while commonly used, may not be as valid or sensitive 
to change as other types of scales. Composite grading 
scales have the advantage that they can be responsive 
to different presentations of knee OA. Individual OA 
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feature scales are often used to monitor the progression 
of knee OA, but only respond to changes in a particular 
OA feature. 

The consistent use of one scale is useful to enable 
comparison of participant groups in research studies and 
the identification of risk factors. The KL grading scale 
has been mostcommonly used in epidemiological and 
outcomes research to group and describe participants; 
however the KL scale has not always been applied 
consistently, limiting comparison between studies. The 
OARSI JSN scale is also commonly used, especially 
to monitor change in JSN, which is used as a proxy 
for worsening knee OA. However, the selective use of 
individual feature scales does not allow a variety of 
presentations of knee OA to be described and monitored. 
To overcome the above shortcomings, the use of a 
composite scale is suggested. Several individual features 
of OA are included, but a single total score gives an 
indication of the overall severity of arthritic change in the 
joint. 

Many of the existing scales have not had adequate 
psychometric testing. Reliability, validity (concurrent, 
content) and sensitivity to change (responsiveness) need 
to be documented for a scale to be used confidently. 
However, in recent work, the authors, in collaboration 
with investigators from the multicenter OA study, evalu
ated the psychometric properties of the KL, OARSI and 
CG scales using MRI as a gold standard[133] (Unpublished 
observations). The findings indicate comparable reliability, 
validity and sensitivity to change. However the CG scale, 
which is not subject to the ceiling effects exhibited by 
the other two scales, suggested responsiveness to more 
severe joint changes. Further studies are required to 
establish this. Researchers using scales which do not have 
adequate testing should perform and report appropriate 
psychometric assessments as part of their study. In 
conclusion, the variation in grading scales indicates that 
a single method is not yet established that will meet the 
requirements of all needs. Careful consideration of the 
different grading scales is recommended before one is 
chosen for a clinical or research application.

The use of grading scales for clinical use is not 
widespread. Radiologists practicing in the clinical realm 
typically describe knee OA changes seen on radiographs 
and make a conclusion about the presence or absence 
and severity of disease, but do not use a specific grading 
scale. This practice can reduce the objectiveness of 
radiologists’ observations and make it difficult to detect 
change over time and compare reports by different 
radiologists. We recommend that grading scales be 
used to ensure consistency in interpreting and reporting 
radiographic knee OA for clinical use.
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Abstract
Inflammatory rheumatic diseases frequently affect 
women of childbearing age. Biologic therapy during 
pregnancy is an important topic that is yet unresolved. 

The majority of documented experiences are in case 
series, case reports, or registries. Tumor necrosis 
factor (TNF) inhibitors are now better known. Some 
evidence suggests that it is possible that differences 
between drugs regarding safety are associated with the 
structure and capacity to cross the placenta, but we 
are not aware of any study that supports unequivocally 
this statement. Most of the monoclonal antibodies are 
actively transferred to fetal circulation using the neonatal 
Fc receptor. Although this transfer does not appear to 
be associated with the risk of miscarriage, stillbirth, or 
congenital abnormality, the rate of premature births 
and lower birth weight may be increased. During fetal 
development, the neonatal period, and childhood, the 
immune system is constantly maturing. The ability to 
produce cytokines in response to infectious stimulus 
remains low for years, but is similar to that of an adult 
around the age of 3 years owing to the adaptive nature 
of the newborn’s immune system as a result of exposure 
to microbes. Therefore, exposure to TNF inhibitors may 
have serious consequences on the newborn, such as 
severe infections or allergic reactions. Regarding the 
former, an anecdotal case report described a fatal case 
of disseminated bacillus Calmette-Guérin (BCG) infection 
in an infant born to a mother taking infliximab for Crohn’s 
disease. Although the baby was born and progressed 
well initially, he died at 4.5 mo after he was vaccinated 
with BCG. Fortunately, serious infections do not appear 
to be frequent in newborns exposed to in utero biologic 
therapy. However, very limited short-term experiences 
are available regarding complications in an exposed fetus, 
and no data are available about long-term implications 
on the child’s developing immune system. Therefore, we 
must be aware of potential complications in later years. 
Although the clinical data to date are promising, no firm 
conclusions can be drawn about the safety of biologic 
drugs during pregnancy, and, without further evidence, 
guidelines that suggest these drugs should be avoided at 
the time of conception cannot yet be changed.
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Core tip: Biologic therapy during pregnancy is an 
important topic that remains unresolved. Most of the 
monoclonal antibodies are actively transferred to 
fetal circulation using the neonatal Fc receptor. Some 
evidence suggests that differences may exist between 
drugs relating to safety associated with structure and 
the capacity to cross the placenta, but we are not aware 
of any study that supports this statement. Although the 
clinical data to date are promising, no firm conclusions 
can be drawn about the safety of biologic drugs during 
pregnancy, and, without further evidence, guidelines 
that suggest these drugs should be avoided at the time 
of conception cannot yet be changed.
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INTRODUCTION
Inflammatory rheumatic diseases affect women of child
bearing age. Therapy for these diseases during pregnancy 
is an important topic that remains unresolved. Although 
there is considerable evidence for interaction of pregnancy 
and rheumatic diseases, little information is available 
about the safety of biologic drugs in pregnancy in humans. 
Most of the information is based on experimental studies 
with animals, but animal pregnancies differ considerably 
from human pregnancies in many aspects; as a result, 
the manufacturers of biological drugs advise that these 
agents be discontinued prior to a planned pregnancy for 
varying periods of time (Table 1). Despite this advice, 
numerous new pregnancies that occur during therapy 
with biological agents have been reported.

The reasons for exposure to biological agents during 
pregnancy are diverse. Many cases involve unintended 
pregnancies. However, in other cases, the pregnancy 
was planned, but the treatment is continued until the 
pregnancy is verified to avoid a flareup of the condition. 
This behavior is reinforced owing to the unknown time 
to conception, and both patients and physicians fear that 
the disease may become active. Although the biological 
therapy is discontinued in the majority of cases when 
the pregnancy is confirmed, other cases are treated 
throughout pregnancy to avoid a flareup of the disease 
and ensure a successful pregnancy outcome. Because 
this occurs in women with more severe disease during 
pregnancy in particular, most of the information regarding 
exposure to biologic drugs throughout pregnancy is based 
on patients with severe inflammatory bowel disease[1]. 

Because these reports have generally been positive, 
there is growing interest among rheumatologists about 
the possibility of prolonging the biological treatment until 
the second trimester or later. Unfortunately, too many 
uncertainties remain about the potential longterm effects 
of treatment during pregnancy, as has happened with 
other drugs in the past[2].

Because of an increasing use of biological agents, 
the aim of this paper was to examine some of the safety 
issues of biologic therapies during pregnancy, specifically 
in women with rheumatic diseases.

BIOLOGICAL AGENTS TARGETING 
CYTOKINES
Tumor necrosis factor inhibitors 
Currently, there are 5 licensed tumor necrosis factor (TNF) 
inhibitors. Three of these  infliximab (IFX), adalimumab 
(ADA), and golimumab  are structurally complete IgG1 
monoclonal antibodies, i.e., they contain a fragment 
crystallizable (Fc) region that interacts with Fc receptors, 
including neonatal Fc receptor (RnFc). These receptors 
transfer IgG from mother to fetus through the placenta 
and from mother to infant in milk in addition to protecting 
IgG from degradation[3].

In contrast, both etanercept (ETN) and certolizumab 
pegol (CZP) have structural peculiarities that may 
influence their fetal toxicity. The former is a fusion protein 
directed against the TNF receptor with a low affinity for 
RnFc[4], while the latter is an incomplete antibody that 
contains only a pegylated Fab fragment against TNF. 
Because CZP does not have an Fc part, it cannot interact 
with RnFc.

The United States Food and Drug Administration (FDA) 
classifies all 5 biologic agents as pregnancy category B 
drugs, i.e., animal reproduction studies have not shown 
any risk to the fetus, but adequate and wellcontrolled 
studies in pregnant women are lacking.

Potential risks to pregnant women: The risks of 
biologic therapy in pregnant rheumatic women should be 
at least equivalent to nonpregnant rheumatic patients. 
Therefore, the main risks with biologic therapy use 
should include infections, allergic reactions, infusion 
reactions, or local reactions. Although pregnancy implies 
a relative immunosuppression, studies do not exist that 
suggest the risk of infections associated with biologic 
drugs increase during pregnancy. However, there are 
also no studies that address this topic specifically. Only 
Casanova et al[5] retrospectively studied 66 pregnant 
women with inflammatory bowel disease who were 
exposed to antiTNF drugs and compared their outcomes 
with patients exposed to thiopurines (n = 187) and non
exposed controls (n = 318). The infection rates were 
similar in all of the participants (3%, 1.5%, and 2.5% in 
those exposed to antiTNF, those exposed to thiopurines, 
and the nonexposed, respectively). 

Nevertheless, because these results are very limited, 
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physicians should be aware of the infection risks in 
these patients. In this sense, it is worth remembering 
that antiTNF increases the risk of infections such as 
Listeria or Salmonella[6]. These infections may occur in 
pregnant women and their unborn fetuses, in whom life
threatening infections and fetal miscarriage can occur. 
Therefore, pregnant women who are in treatment or 
have been recently treated with biologic drugs should 
particularly follow the preventive measures to avoid food 
consumption of unpasteurized milk, raw eggs, or raw 
meat[7].

On the other hand, both patients and rheumatologists 
should weight up the risks and benefits of continuing 
biologic therapy with planned pregnancies. One of the 
most important considerations is the diagnosis and level 
of control. The risks of flareup may differ based on 
the disorder; for example, upto 60% of patients with 
rheumatoid arthritis improve during pregnancy, while the 
symptoms of ankylosing spondylitis do not improve[8]. 
However, studies regarding the impact of biologic drug 
discontinuation are limited in patients with rheumatic 
disease owing to the incidental nature of the main 
exposure, and threequarters of the cases with confirmed 
pregnancy in the first trimester discontinue biologic 
drugs[4,943]. Only a minority of cases continue biologic 
therapy throughout their pregnancy, in agreement with 
their doctors. It is possible that these patients were 
treated to avoid the high risk of flareups. 

Potential risks to pregnancy outcomes: In normal 
fetus, responsiveness to infection is low and associated 

with spontaneous abortion[44]. Therefore, an increased 
risk of miscarriage might be expected with infection 
related to TNF inhibitor exposure. However, intrauterine 
production of proinflammatory cytokines during the 
pregnancy is associated with intrauterine growth restri
ction and spontaneous abortion[45]. Therefore, the use of 
TNF inhibitors during pregnancy may have be theoretically 
advantageous.

Only a few clinical studies have provided data regar
ding pregnancy outcomes in patients with inflammatory 
rheumatic disease undergoing antiTNF therapy. The 
majority of this evidence is based on women with 
inflammatory bowel disease. A recent systematic review 
identified 472 cases with exposure to antiTNF drugs 
during pregnancy[46]. The rates of miscarriage, stillbirth, 
and congenital abnormalities were similar to previously 
reported rates in the general population; however, the 
rates of preterm/premature births (19.9% in antiTNF
exposed vs 12.3% in the general population) and low 
birth weight/small for gestational age (6.1% in antiTNF
exposed vs 8.2% in the general population) were not 
as expected for the general United States population. 
However, the authors indicated that sufficient evidence, 
particularly from controlled trials, was not available to 
guarantee absolute safety with the use of these drugs 
during pregnancy. 

Clinical data from registries of rheumatic patients are 
consistent with some but not all of these results (Table 2). 
As a result, the Organization of Teratology Information 
Specialists autoimmune disease in pregnancy project did 
not find a specific pattern of defects in infants prenatally 
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Biologic drug Recommendations for women of childbearing potential Recommendations for the infant exposed in utero

Infliximab1 Adequate contraception for at least 6 mo after the last 
infusion

Neither live vaccines administration nor breast-feeding is recommended while 
treated and for 6 mo following the mother’s last infliximab infusion during 

pregnancy
Etanercept To use appropriate contraception during therapy and for 

3 wk after discontinuation of therapy
Neither live vaccines administration nor breast-feeding is recommended while 

treated and for 16 wk after the mother’s last dose of Enbrel is generally not 
recommended

Adalimumab2 Adequate contraception for at least 5 mo after the last 
injection

Neither live vaccines administration nor breast-feeding is recommended while 
treated and for 5 mo following the mother’s last injection during pregnancy

Golimumab Adequate contraception for at least 6 mo after the last 
injection

Neither live vaccines administration nor breast-feeding is recommended while 
treated and for 6 mo following the mother’s last injection during pregnancy

Certolizumab Adequate contraception for at least 5 mo after the last 
injection

Neither live vaccines administration nor breast-feeding is recommended while 
treated and for 5 mo following the mother’s last injection during pregnancy

Anakinra Not recommended during pregnancy and in women of 
childbearing potential not using contraception

No data

Tocilizumab Adequate contraception for at least 3 mo after the last 
infusion

A decision on whether to continue/discontinue breast-feeding or to continue/
discontinue therapy should be made taking into account the benefit of breast-

feeding to the child and the benefit of therapy to the woman
Advice about live vaccine use in newborns is not given

Rituximab Adequate contraception for at least 12 mo after the last 
infusion

No breast-feeding is recommended while treated and for 12 mo following the 
mother’s last infusion during pregnancy

Advice about live vaccine use in newborns is not given
Abatacept Adequate contraception for at least 14 wk after the last 

dose
No breast-feeding is recommended while treated and for 14 wk following the 

mother’s last infusion during pregnancy
Advice about live vaccine use in newborns is not given

Table 1  Current European Medicines Agency recommendations about licensed biologic therapies and pregnancy (from http://www.
ema.europa.eu/ema/)

1Remicade®, Inflectra® and Remsima®; 2Humira® and Trudexa®.
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treated with antiTNF (n = 27) and anakinra (ANK) 
(n = 2)[10]. Two patients were exposed to biologics 
and methotrexate or leflunomide until confirmation of 
pregnancy, and 3 restarted treatment after week 20 
and continued until delivery. The remaining patients 
discontinued the biologic treatment prior to conception. 
The authors did not find an increased risk for congenital 
malformations, miscarriages, or low birth weight. 

Potential risks to newborns: During fetal development, 
the neonatal period, and childhood, the immune system 
is constantly maturing. The ability to produce cytokines 
in response to infectious stimulus remains low for years, 
but is similar to that of an adult around the age of 3 years 
owing to the adaptive nature of the newborn’s immune 
system as a result of exposure to microbes. Therefore, 
the exposure to TNF inhibitors may have serious consequ
ences on a newborn. An unfortunate example of this was 
presented by Cheent et al[51]. They described a fatal case 
of disseminated Bacillus de Calmette y Guérin infection in 
an infant born to a mother taking IFX for Crohn’s disease. 
Although the baby born and initially progressed well, he 
died at 4.5 mo, after he was vaccinated with Bacillus de 
Calmette y Guérin. 

The majority of monoclonal antibodies actively cross 
the placenta, resulting in higher concentrations of these 
drugs in neonates than that in their mothers. Because of 
possible immunosuppression, live vaccines are contrain
dicated in newborns of mothers who have been treated 
with biologic therapy (Table 1).

Because the immune system is not yet completely 

exposed to ETN[17] or ADA[47]. Spontaneous abortions 
were higher in women exposed to ADA when compared 
to the controls who were never exposed, but had the 
disease, and nondiseased controls; however, the 
proportion was within the expected range of 10%15% 
in clinically recognized pregnancies in the general 
population. The other pregnancy outcomes were similar 
to the comparison group and within the expected range 
for the general population. 

The British Society for Rheumatology Biologics 
Register published a review of 130 pregnancies in patients 
who received antiTNF before or during pregnancy[11]. 
The spontaneous abortion rate was highest among 
patients exposed to antiTNF at the time of conception. 
Comparatively, the rate of spontaneous abortions was 
17% in those with prior exposure to antiTNF and 10% in 
the control group. Although 20 of these patients became 
pregnant while receiving methotrexate or leflunomide, 
the authors did not believe that this was not related 
to the outcomes. The authors suggested that data are 
available to suggest that women with severe RA may 
have unfavorable pregnancy outcomes and those patients 
unable to discontinue antiTNF therapies may be those 
with the most severe disease[48,49]. 

The Spanish registry BIOBADASER identified 13 
women (14 pregnancies) among a total of 3550 women 
treated with antiTNF (4 with IFX, 8 with ETN, and 2 with 
ADA)[50]. Although the number of observations was small, 
all pregnancy outcomes were within the expected range. 

The German biologics register (RABBIT) identified, 
among 5244 patients, 37 pregnancies in 29 women 
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Ref./registry No. of pregnancies Disease Biologic drugs Pregnancy stage Pregnancy outcome

Lichtenstein et al[61]

TREAT registry
36 CD IFX Any exposure 11.1% miscarriage (NS), 8.3% neonatal complications 

(NS)
Katz et al[62]

Infliximab safety 
database

96 CD, UC, RA IFX 7 prior to conception, 
53 conception, 30 T1, 6 

unknown

67% live births, 15% miscarriages, and 19% elective 
termination. Results similar to those expected for the 
general United States population or pregnant women 

with CD not exposed to infliximab
Garcia et al[50]

BIOBADASER
14 RA, AS, PsA IFX, ETN, 

ADA
First trimester 7 live births, 1 miscarriage, 3 therapeutic termination, 

3 therapeutic termination, 2 on-going pregnancies, 0 
malformations

Strangfeld et al[10]

RABBIT
37 IFX, ETN, 

ADA, ANK
22 first-trimester (2 

restarted biologic after 
week 20)

15 prior to conception

Similar miscarriage (4.5% vs 6.6%); 0 marformations

Johnson et al[17]

OTIS
175 RA, PsA, AS, 

CPs
ETN 139 first trimester 

67 disease matched
Similar live births (93.5% vs 88.1%); more miscarriage 

(14% vs 5% vs 1.1%); malformations (9.4% vs 4.5%)
Verstappen et al[11]

BSRBR
140 RA, PsA, 

JIA, AS, SLE, 
AOSD

IFX, ETN, 
ADA

59 prior conception
71 at conception

10 controls never exposed

In post-conception exposures vs never exposed: less live 
births (59% vs 100%; P = 0.012), more miscarriages (27% 
vs 10%; P = 0.437), elective terminations (11% vs 10%; P 

= 0.587)
Chambers et al[14]

OTIS 
239 RA, CD ADA 94 first trimester

58 disease-matched 
controls

87 non-disease controls

Similar live births (85% vs 91.4% vs 89.7%), miscarriages 
(4.3% vs 9%); similar preterm deliveries (15% vs 17% vs 

4%); malformations (9.6% vs 5.4% vs 5%)

Table 2  Tumor necrosis factor inhibitors use during pregnancy and the conception period

Experience from national registries. CD: Crohn’s disease; UC: Ulcerative colitis; RA: Rheumatoid arthritis; PsA: Psoriatic arthritis; JIA: Juvenile idiopathic 
arthritis; AS: Ankylosing spondylitis; SLE: Systemic lupus erythematosus; AOSD: Adult onset still disease; CPs: Cutaneous psoriasis; BSRBR: British society 
for rheumatology biologics register; NS: Non-significant; T1: First-trimester; IFX: Infliximab; ETN: Etanercept; ADA: Adalimumab.
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developed in the newborn, the majority of antibodies are 
actively transferred from the mother to the offspring to 
confer shortterm passive immunity. As mentioned earlier, 
the specific transport of IgG is conducted by the RnFc[3]. 
IgG transfer from mother to fetus begins as early as 13 
wk of gestation, and transport happens in a linear fashion 
as the pregnancy progresses. The fetus acquires the 
majority of IgG during the last 4 wk of pregnancy, and 
the concentrations usually exceed those of the mother 
by 20%30% at full term[52]. Therefore, the primary risk 
occurs after week 30. 

Most monoclonal antibodies are of the IgG1 class 
and use the RnFc to actively cross the placenta. Because 
of this, newborns have a higher concentration than the 
mothers, and vaccinations containing live attenuated 
microorganisms are contraindicated. However, CZP has 
the lowest capacity to cross the placenta owing to the 
absence of the Fc fraction. Mohadevan et al[53] studied 31 
pregnant women with intestinal bowel disease receiving 
IFX, ADA, or CZP. Although IFX and ADA were detected 
in infants up to 6 mo after birth (up to 160% that of the 
mother), CZP had the lowest level of placental transfer 
(3.9%22% that of the mother) of the drugs tested, 
based on the levels measured in the cord and infants 
at birth. Nevertheless, CZP was present to an extent; 
therefore, some passive placental transport may occur. 
It is possible that the small size and polyethylene glycol 
polymer chains attached to the Fab fragment may result 
in different qualities to cross the placenta.

On the other hand, ETN is also different to IFX and ADA 
because it has low affinity to the neonatal IgG transporter; 
this could also account for the limited placental transfer 
of this fusion protein[54]. The concentration of ETN in cord 
blood can be 4%7% of the concentration present in 
maternal blood[55].

Although only limited shortterm experiences are 

available with regards to complications in an exposed 
fetus, there no known data available regarding long
term effects on the child’s developing immune system. 
Therefore, we must be aware in the years beyond the 
available data.

Others biological agents targeting cytokines
Published information about the pregnancy experience 
with ANK and tocilizumab (TCZ) is limited to case reports, 
but the preventive principles should be the same as that 
with TNF inhibitors. Table 3 summarizes the studies of 
other biological agents, including nonTNF inhibitors, 
during the conception period and pregnancy. 

ANK: ANK is an interleukin (IL)1 receptor antagonist, 
but it is currently possible to block IL1 with monoclonal 
antibodies that are directly targeted at IL1, such as 
canakinumab or rinolacept. ANK has been used through
out pregnancy in 3 pregnant patients with adultonset 
Still’s disease, and the children were born at term with 
no complications[56,57]. However, measurements of ANK in 
the maternal or cord serum were not performed.

TCZ: TCZ is a humanized antihuman IL6 receptor mo
noclonal antibody that inhibits IL6. Experience with TCZ 
is limited to case series from the clinical trials reporter 
at the ACR Annual Meeting in 2010[58]. Thirtythree 
pregnancies were reported in 32 patients, despite a 
requirement for contraceptive use, among 4009 patients 
enrolled in several clinical trials. The small number of 
cases and high rate of therapeutic abortions, as well 
as concomitant medication use, limit the conclusions 
that can be drawn regarding the safety of TCZ during 
pregnancy. The authors reported that a pregnancy 
registry was being established to assess pregnancy 
outcomes in women exposed to TCZ during pregnancy. 
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Ref./study No. of pregnancies Disease Biologic drugs Pregnancy stage Pregnancy outcome

Berger et al[56]

Fischer-Betz et al[57]

Case report

3 AOSD ANK Through pregnancy 3 healthy live birth, full-term deliveries

Rubbert-Roth et al[58]

Case series from 
clinical trials

33 RA TCZ Non-data 26/32 treated wit TCZ + MTX, 6/32 TCZ monotherapy or 
concomitant with DMARD other than MTX

10/33 healthy live birth at term; 1/33 (1 infant died 
of ARDS 3 d after emergency cesarean section for 

intrapartum fetomaternal hemorrhage due to placenta 
previa; 13/33 elective terminations, 7/33 miscarriages

Chakravarty et al[59] 153 NHL, 
RA, SLE, 
Others1 

RTX 132 prior to the 
conception

90 live births: 68 full-term deliveries; 22 preterm; 1 
neonatal death at 6 wk; 2 malformations (clubfoot in one 

twin, and cardiac malformation in a singleton birth)
Biogen Idec/
Genentech/Roche 
rituximab global drug 
safety database

21 after the 
concption

11 newborns had hematologic abnormalities (none with 
infections); 4 neonatal infections (fever, bronchiolitis, 

cytomegalovirus hepatitis, and chorioamnionitis)

Ojeda-Uribe et al[22] 1 RA ABT First trimester No complications. One healthy live birth

Table 3  Others biological agents use during pregnancy and the conception period

1Idiopathic purpura thrombocytopenic, autoimmune haemolytic anaemia, multiple sclerosis, thrombotic thrombocytopenia. Purpura, Castleman disease, 
mixed connective tissue disease, and renal transplantation. AOSD: Adult onset still disease; RA: Rheumatoid arthritis; NHL: No hodgkin lymphoma; SLE: 
Systemic lupus erythematosus; ANK: Anakinra; TCZ: Tocilizumab; RTX: Rituximab; ABT: Abatacept; ARDS: Acute respiratory distress syndrome.
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BIOLOGICAL AGENTS TARGETING CELLS
Currently, there are 2 different licensed biological agents 
targeting B cells in rheumatology [rituximab (RTX) and 
belimumab] and 1 targeting T cells (abatacept). All of 
these drugs can cross the placenta; therefore, women 
should be advised to discontinue these drugs prior to a 
planned pregnancy (Table 1). 

RTX
RTX is a chimeric monoclonal antibody against the antigen 
CD20 on the surface of Bcells. Because its Bcell depletion 
capacity has been shown useful for the treatment of 
lymphomas, leukemias, transplant rejections, and autoi
mmune disorders. In rheumatology, it is licensed to treat 
RA and ANCApositive vasculitis and is also widely used 
offlabel for systemic lupus erythematosus (SLE).

Like other monoclonal antibodies, RTX contains 
IgG1, which can cross the placenta using RnFc. RTX is 
classified as a pregnancy category C drug by the FDA (i.e., 
animal reproduction studies have shown some risk to the 
fetus, but there adequate and wellcontrolled studies in 
pregnant women are lacking).

The majority of experiences with RTX in pregnant 
women are documented from the BiogenIdec/Genentech/
Roche rituximab global drug safety database[59]. This 
registry collects information about RTX from patients 
with diverse diseases, including mothers with lymphoma, 
autoimmune cytopenias, and other autoimmune dise
ases (Table 3). The majority of the mothers had RA 
(n = 29), nonHodgkin lymphoma (n = 24), SLE (n 
= 11), or idiopathic thrombocytopenia (n = 11). This 
database identified 231 pregnancies (153 with known 
outcomes) associated with maternal RTX exposure (Table 
3). Most cases were confounded by concomitant use 
of potentially teratogenic drugs and severe underlying 
diseases. Ninety resulted in live births, of which 22 were 
born prematurely. One neonatal death occurred at 6 
wk. Eleven neonates had hematologic abnormalities: n 
= 1, low white blood cell count; n = 4, depleted Bcells; 
n = 3, thrombocytopenia; n = 2 neutropenia; and n 
= 1, lymphopenia. However, none of these neonates 
had infections. Four additional neonates had neonatal 
infections: fever, bronchiolitis, cytomegalovirus hepatitis, 
and chorioamnionitis. Two congenital malformations were 
identified: clubfoot in one twin and cardiac malformation 
in a singleton birth. One maternal death from pre
existing autoimmune thrombocytopenia occurred. In all 
but 2 cases, RTX was administered during the second or 
third trimester of pregnancy.

Belimumab
Although belimumab and tofacitinib were also included 
in our search strategy, no report was found in humans. 
However, data from 83 unintended pregnancies with 
known outcomes in phase Ⅱ and Ⅲ studies indicated 
elective termination in 24%, spontaneous abortion in 
27%, and live births in 42%[60]. No increase in birth 
defects was observed.

Abatacept
ABT is a fusion recombinant molecule containing cyto
toxic T lymphocyteassociated antigen 4 and the Fc 
fragment of IgG1 (CTLA4Ig) that blocks the CD80/CD86:
CD28 costimulatory signal for Tcell activation. 

The experience of ABT in humans is limited to one 
case report[22]. The patient was a 33yearold woman 
with RA treated with ABT plus MTX until gestation 
week 2.5. Delivery occurred at 40 wk of gestation. The 
newborn was healthy and was well after a 3.5year follow
up. 

CONCLUSION
Almost all of the experiences with the safety of biologic 
drugs during pregnancy in women with rheumatic dis
eases are documented in case series, case reports, or 
registries. TNF inhibitors are now better known. Some 
evidence suggests that differences in safety between 
drugs are associated with structure and the capacity to 
cross the placenta, but we are not aware of any study 
that supports this statement.

Although the clinical data to date are promising, no 
firm conclusions can be drawn regarding the safety of 
biologic drugs during pregnancy, and, without further 
evidence, guidelines that suggest these drugs should be 
avoided at the time of conception cannot yet be changed.
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Abstract
Trapeziometacarpal (TMC) joint is the secondly affected 

joint for osteoarthritis in the hand. TMC joint arthritis 
affects most commonly postmenopausal women after 
the fifth decade of life, due to hormonal and structural 
factors. Rhizarthrosis may lead to a clinical spectrum 
from subtle symptoms to advanced symptoms such as; 
severe pain, limitation of range of motion, muscular 
weakness, bony deformities, and end up ultimately with 
disability. Regardless of the etiopathogenesis; a variety 
of non-surgical and surgical methods have been used 
for the treatment of rhizarthrosis, depending on the 
age of the patient, symptomatology and the stage of 
the disease. The main goals of the treatments are as 
follows; relief of pain, conservation or restoration the 
stability and mobility of the TMC joint with the optimal 
preservation of the strength of surrounding musculature. 
In this article, the current methods, which have been 
used for the treatment of TMC joint osteoarthritis, will 
be mainly reviewed, together with concise up-to-date 
information on both its diagnosis and the anatomy of the 
TMC joint.

Key words: Osteoarthritis; Thumb; Trapeziometacarpal 
joint; Rhizarthrosis
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Core tip: The trapeziometacarpal joint is a common 
region in the body, where osteoarthritis is encountered, 
especially in the postmenopausal women. Although the 
exact etiology is not still certain, ligamentous laxity is a 
common finding in most of the cases. Regarding to the 
existing literature, the most commonly used treatment 
methods are conservative measures and trapeziectomy 
with ligament reconstruction tendon interposition. 
Moreover newer treatment methods have emerged in 
the recent years. In conclusion, if long-term prospective, 
randomized, comparative studies are performed, there 
will be an appropriate answer to choose the optimal 
treatment methods for each stage of rhizarthrosis.
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INTRODUCTION
Trapeziometacarpal (TMC) joint is the secondly affected 
joint for osteoarthritis (OA) in the hand[1]. TMC OA or 
rhizarthrosis affects most commonly postmenopausal 
women after the fifth decade of life, due to hormonal 
and structural factors[2-4]. Rhizarthrosis may lead to a 
clinical spectrum from subtle symptoms to advanced 
symptoms such as; severe pain, limitation of range of 
motion, muscular weakness, bony deformities, and end 
up ultimately with disability.

Although the exact etiology of rhizarthrosis has not 
been clearly evidenced yet, most postulated theories 
related this entity with the surrounding ligamentous 
laxity or weakness of this joint, leading to the disturbed 
congruency between the trapezium and the basis of first 
metacarpus[5-9]. The incongruence and increased contact 
stresses end up eventually with rhizarthrosis.

Regardless of the etiopathogenesis; a variety of non-
surgical and surgical methods have been used for the 
treatment of rhizarthrosis, depending on the age of the 
patient, symptomatology and the stage of the disease. 
The main goals of the treatments are as follows; relief 
of pain, conservation or restoration the stability and 
mobility of the TMC joint with the optimal preservation 
of the strength of surrounding musculature.

In this article, the current methods, which have been 
used for the treatment of rhizarthrosis, will be mainly 
reviewed, together with concise up-to-date information 
on both its diagnosis and the anatomy of the TMC joint.

LIGAMENTOUS ANATOMY OF THE TMC 
JOINT
The TMC joint of the thumb has a vital function nearly 
for all functions of the thumb, mainly by opposition. It is 
a combination of “saddle” and “universal” types of joint 
with confronting biconcave-convex shapes of trapezium 
and the basis of the first metacarpal bone. Its stability 
mostly depends on the ligaments, which support this 
joint mostly around the dorsal and volar regions. The 
understanding of this complex ligamentous anatomy 
is highly important for the stability of this joint, and 
its osteoarthritic process. This joint and its supporting 
ligamentous structures have been studied extensively in 
terms of anatomy, histopathology or biomechanics[5,9-18].

In general, 6 main ligaments of the TMC joint were 
consistently identified in the literature. These are as 
follows: dorsoradial ligament (DRL), anterior oblique 
ligaments (AOL, superficial and deep), intermetacarpal 
ligament, ulnar collateral ligament and posterior oblique 
ligament. The functions of these stabilizing ligaments are 

summarized in Table 1[19].
Among these ligaments, AOL was shown to be the 

primary stabilizer of the TMC joint by Eaton, Littler and 
Pellegrini[7,8,20]. But, this information has been challenged 
by many recent studies, in such a way that the DRL is 
the primary stabilizer against dorsal translation of the 
TMC joint[9,15,18,21-25]. It seems that this controversial 
debate on the main stabilizing ligaments of the TMC joint 
will continue over the coming years by ending up with 
an ultimate prospective conclusion. 

DIAGNOSIS
In general, patients with rhizarthrosis have a spectrum 
of symptomatology. On one hand a patient may be 
asymptomatic or may have subtle symptoms despite 
pantrapezial arthritis, on the other hand another patient 
may have severe symptoms despite a lower radiological 
stage. Although this disease interferes with recreational 
and professional activities and performances, most 
patients live by adapting themselves to this situation 
with the avoidance of some thumb movements, such as 
abduction and key pinch. So, the symptomatology may 
not correlate with the radiology in most of the times[26].

Symptomatic patients usually present with a pain 
located at the base of the thumb, which may radiate 
to the thenar region or metacarpophalangeal joint. It 
is usually worsened by some unique movements of 
the thumb (pinch or grip during turning a key, sewing, 
writing, opening a jar, etc.). As the disease progresses, 
the position of the thumb shifts from an adducted but 
lax position to a more ankylosed position, and the 
previously lax joint becomes stiffer. The final position of 
the deformity is defined as “pollux addustus” (adducted 
metacarpal shaft with metacarpophalangeal hyperex-
tension).

In physical examination, tenderness and some provo-
cative tests help to the establishment of the diagnosis. 
The tenderness is usually at the radiopalmar surface of 
the TMC joint, especially coexisting with inflammation at 
earlier stages. The provocative tests, which include the 
grind test and Glickel test, aim to reproduce pain at the 
TMC joint level[27,28].

In practice, radiography should at least include; 
posteroanterior (PA) neutral, PA clenched fist, lateral, 
and oblique views. The most popular and the most 
commonly used radiological classification of rhizarthrosis 
is the Eaton-Littler Classification, which uses a true 
lateral view of the thumb centered over the trapezium 
and sesamoids superimposed (Table 2)[13]. Later, a 
fifth stage was described as pan-trapezial arthritis, as 
TMC joint arthritis was observed rarely as an isolated 
entity[29]. 

The most common pathology co-existing with rhizart-
hrosis was reported to be the carpal tunnel syndrome[30]. 
Differential diagnosis of rhizarthrosis includes De 
Quervain’s disease, trigger thumb, scaphoid fracture 
(distal pole), flexor carpi radialis (FCR) tenosynovitis, 
scaphotrapezial arthritis, wrist arthritis and subsesamoid 
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Table 1  Main ligaments of the trapeziometacarpal joint

arthritis[19]. But careful and proper clinical and radio-
logical evaluations will differentiate rhizarthrosis from the 
aforementioned clinical entities.

TREATMENT
The treatment of rhizarthrosis has evolved in the last 
decade, especially in terms of surgical methods. In 
general, the treatment mainly aims to relieve pain, to 
regain stability, mobility of the joint, to reestablish the 
strength of surrounding structures and to increase the 
comfort and function of the patient clinically. Treatment 
methods will be summarized concisely in this section.

Non-surgical treatment
In general, non-surgical methods are preferred at the 
initial stages by most of the clinicians, as the initial 
method of management. The choices include: non-
steroidal inflammatory drugs, splinting with thumb 
spica cast, physical therapy and injections (steroid 
and hyaluronic acid)[3,31-36]. It should be kept in mind 
that continuous and repeated steroid injections have 
been shown to weaken the joint capsule[37]. They may 
complicate further surgeries. Therefore they should be 
used specially at inflammatory flare-up periods, but 
should not be applied repeatedly. Another important point 
is that; although most studies on conservative methods 
report good-excellent results on pain and functional 
scores, the methodological quality of these studies was 
recently found to be poor to fair[38].

Surgical treatment
Surgical treatment is most commonly reserved for symp-
tomatic patients who are unresponsive to conservative 
methods or who are at advanced stages of the disease. 
Although several surgical treatment methods have 
been introduced since last 50 years, none of them has 
achieved to be the single most efficient treatment of 
rhizarthrosis. As the detail of the surgical techniques of 
all described procedures is not the aim of this review, a 
concise explanation of these methods will be discussed 
together with clinical results of relevant studies.

Trapeziectomy with or without tendon interposition 
or ligament reconstruction: The total excision of 
the trapezium was described firstly in 1949[39]. It was 
also called as “hematoma arthroplasty”[40]. Although 
symptomatology was not believed to correlate with its 
late problems, trapeziectomy alone does carry the risk of 
shortening of trapezial height and scaphoid impingement. 
That is why when trapeziectomy is performed alone; 
fixation with a K-wire is advised to prevent the height 
loss to some extent[41]. Based on mostly short-term 
follow-up studies, trapeziectomy alone yielded good 
clinical results[41,42]. In a Level Ⅲ study by Ritchie et al[43], 
it was shown that anterior approach yielded better clinical 
results than posterior approach. 

There are two main methods, which can be added 
to total trapeziectomy; tendon interposition (TI) or 
ligament reconstruction (LR). The main aim of the LRTI 
is the reconstruction of AOL by using the half of flexor 
carpi radialis tendon or abductor pollicis longus tendon. 
TI arthroplasty by using the half of FCR tendon was 
firstly described in 1973[7]. The first description of LRTI 
arthroplasty was first described in 1986[37]. Although 
the strength and stability may not be restored fully 
with these procedures, it is possible to obtain a painless 
joint, as their main advantage[44]. Other than tendons, 
interposition with fascia lata, chondral tissue, Gelfoam, 
Gore-Tex, Marlex, Artelon implants, etc., were also 
reported[45-48]. Due to increased complications with non-
autologous tissue, autologous tissue interposition should 
be preferred[45]. 

In a recent survey study among the active members 
of the American Academy for Surgery of the Hand, 
it was concluded that, trapeziectomy + LRTI was the 
treatment of choice by most surgeons and that the 
process of choosing treatment strategies was a question 
of future[49]. Longer follow-up clinical results also support 
the use of LRTI arthroplasty[50].

According to the current literature, three important 
results are obvious[42,51-54]. Firstly the addition of LR or TI 
to trapeziectomy has no clinical superiority over trapezie-
ctomy alone. Secondly, trapeziectomy with LRTI was 
found to have more complications than trapeziectomy 

92WJR|www.wjgnet.com July 12, 2015|Volume 5|Issue 2|

Ligament Description of the function
Dorsoradial
(Figure 1)

Shortest and thickest ligament (Recently possible)
Primary stabilizer against dorsal translation of the joint

Opposes anterior oblique ligaments
Basis for Eaton-Littler procedure

Anterior oblique
(Figure 1)

Superficial Stabilization against volar joint subluxation

Deep Known as beak ligament
Act as a pivot point

Primary joint stabilizer against dorsal translation
Posterior oblique Stabilization of rotation
Intermetacarpal Stabilization during radiovolar translation

Stabilization of the thumb against collapse especially after trapeziectomy
Ulnar collateral Helps to stabilization against volar joint subluxation
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studies in the literature by Martou et al[53] and Wajon et 
al[54], it was pointed out that silicastic implants had high 
complication rates with only short term clinical satisfaction 
and that silicone arthroplasty had no additional benefits 
but comparable adverse effects when compared with 
trapeziectomy and LRTI, respectively. It was also 
revealed from these studies that these implants have 
more long-term complications such as subluxation, 
fractures and silicone synovitis[62].

Total TMC joint arthroplasty has evolved over time 
since its first development at early 1970s[63]. Currently, 
this option is advisable for stages Ⅱ and Ⅲ, with its 
reported mostly better outcomes and lesser implant 
failures[53,64-67]. The amelioration of the outcomes and 
decrements of failures may be attributable to the gradual 
improvement of the quality of the implants. Prospective 
randomized studies with long-term follow-up are required 
in order to make concrete conclusion on various arthro-
plasty options and on their cost-effectiveness.

Thumb metacarpal osteotomy: The closing wedge 
abduction osteotomy at the level of proximal metacarpus 
of the thumb was firstly introduced in 1973[68]. Although 
the studies lack both sufficient sample size and higher 
level of scientific evidence, it was advised to prefer this 
technique at earlier stages -at most stage I or II[69]. 

Other treatment methods of denervation of TMC 
joint, reconstruction of the volar beak ligament, 
suture button suspensionplasty and role of 
arthroscopy: Besides the core treatment options 
mentioned before, there are other methods described 
in the literature for Rhizarthrosis, such as: denervation 
of the TMC joint, reconstruction of the volar beak 
ligament, suture button suspensionplasty and TMC joint 
arthroscopy[70-72]. The common point for all of these 
procedures is that prospective, randomized, comparative 
studies are required in order to determine for using which 
method for which group of patients.

CONCLUSION
The TMC joint is a common region in the body, where OA 
is encountered, especially in the postmenopausal women. 
Although the exact etiology is not still certain, ligamen-
tous laxity is a common finding in most of the cases. 
Regarding to the existing literature, the most commonly 
used treatment methods are conservative measures 
and trapeziectomy with LRTI. Moreover newer treatment 
methods have emerged in the recent years. In conclusion, 
if long-term prospective, randomized, comparative studies 
are performed, there will be an appropriate answer to 
choose the optimal treatment methods for each stage of 
rhizarthrosis. 
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Figure 1  Anatomic dissection of the trapeziometacarpal joint, demonstrating 
dorsoradial ligament (red) and anterior oblique ligament (black). EPL: Extensor 
pollicis longus.

Stage Definition
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Possible widening of TMC joint indicating synovitis
Ⅱ Joint space narrowing

Oteophytes < 2 mm 
Normal ST joint 

Ⅲ Severe TMC destruction with subchondral sclerosis
Osteophytes > 2 mm and presence of loose bodies

Normal ST joint
Ⅳ TMC and ST joints are both affected

TMC: Trapeziometacarpal; ST: Scaphotrapezial.

Table 2  Eaton-Littler classification of rhizarthrosis
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Abstract
Helicobacter pylori  (H. pylori ) infection is widely prevalent 
throughout worldwide. H. pylori  manage a long-term 
survival in hostile environment of human stomach 
leading to peptic ulcer diseases and gastric cancer. 
But mostly infected person remains asymptomatic. 
Its chronic interaction with immune system makes H. 
pylori  as an attractive candidate for the researchers 
to study its association with autoimmune diseases. 
This article presents a review of the literature on the 
association of H. pylori  infection in selective autoimmune 
rheumatic diseases (RD). The authors used MeSH 
terms “Helicobacter pylori ” with “rheumatoid arthritis,” 
“systemic lupus erythematosus,” or “fibromyalgia” to 
search PubMed database. All relevant studies identified 
were included. Despite extensive medical advancement 
many questions on role of H. pylori  infection in autoim-
mune RD still remain unanswered. Further studies are 
therefore needed to address the role of H. pylori  in 
pathogenesis of RD.

Key words: Autoimmunity; Systemic lupus erythematosus;  
Rheumatoid arthritis; Fibromyalgia; Helicobacter pylori
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INTRODUCTION
Rheumatic diseases (RD) include disorders related to 
joints and connective tissue. Generally these disorders 
have an autoimmune origin that is associated with 
progressive disability, systemic complications and early 
death. Involvement of musculoskeletal system, central 
and peripheral nervous systems, and other organs such 
as blood vessels, bone marrow, eye, heart, kidneys, 
lungs, skin and salivary glands may occurs in more than 
40% of patients with RD over a lifetime of disease[1-3].

Typically initial Helicobacter pylori (H. pylori) infection 
is acquired by oral ingestion during the early childhood 
and H. pylori will persist for life in untreated cases[4]. 
Frequency of H. pylori infection is approximately 80% 
in underdeveloped countries compared to 50% in 
developed parts of the world, correlating the disease 
prevalence with poor socioeconomic status[5]. Clinically H. 
pylori infection leads to gastric diseases such as gastric 
ulcer, mucosa-associated lymphoid tissue lymphoma 
and gastric cancer[6]. H. pylori infection can induce a 
chronic immune response in the host cells (Figure 1), 
suggesting a possible role of H. pylori in the development 
of autoimmune disorders[7].

Autoimmune RD are thought to depend upon host 
genetic susceptibility interaction with environmental 
factors[8]. Amongst various environmental factors, infe-
ctions agents plays significant role and have been studied 
extensively[9]. Infectious agents include bacteria, viruses 
and parasites. Out of all bacterial species implicated in 
non-organ specific autoimmune disorders, H. pylori have 
received much attention by researchers[10]. The purpose 
of this study was to summarize the recent literature 
on selected RD with autoimmune pathophysiologic 
mechanisms, which shows positive or negative evidence 
in relation to H. pylori-associated autoimmune rheumatic 
disorders.

H. PYLORI -INDUCED IMMUNOLOGIC 
RESPONCE
H. pylori have evolved various survival mechanisms to 
combat harsh acidic gastric environment and to suppress 
host immune response. Urease is a key virulence factor 
of H. pylori which is required for bacterial colonization to 
gastric mucosa; also it is a potent immunogen that elicits 
a strong immune response[11]. Urease also serves to 
promote bacterial motility by decreasing gastric mucous 

viscosity[12]. In order to evade host innate immune 
response, the bacterium is also capable of altering its 
own cell wall antigens rendering antigens to relatively 
non-antigenic[13].

H. pylori Infection induces a number of immune 
responses in the host cell by bacterial adhesion to cells 
and leading to chronic inflammation (Figure 1)[11]. Patho-
gen can bind to class Ⅱ major histocompatibility complex 
present on the cell membrane of gastric epithelial cells 
leading to apoptosis[14]. CagA translocate inside the gastric 
epithelial cells to induce high levels of inflammatory 
cytokines such as IL-6, IL-8, IL-10 and TNF-α[15]. The 
VacA protein interacts with lymphocytes resulting in 
blockage of IL-2-mediated T-lymphocyte proliferation[16].

A study by Jackson et al[17] shows elevated C-reactive 
protein in chronic H. pylori infected patients. Few other 
reports have demonstrated that chronic H. pylori infection 
leads to activation and survival of B lymphocytes to 
produce rheumatoid factor (IgM), antisingle-stranded DNA 
(anti-ssDNA) and anti-double-stranded DNA (anti-dsDNA) 
antibody and antiphosphotadylcholine antibody[18,19]. 
Instead of clearing H. pylori, these antibodies result in 
the synthesis of anti-H+/K+-ATPase antibodies[20]. These 
auto-reactive autoantibodies have been involved in the 
progress of atrophic gastritis. Complex and persistent 
interaction between host immune system and pathogen 
might cause immune dysregulation and consequent 
development of autoimmune RD in susceptible patients.

H. PYLORI-ASSOCIATED RHEUMATOID 
ARTHRITIS
Rheumatoid arthritis (RA) is an autoimmune chronic 
inflammatory disorder primarily of unknown origin. The 
arthritis in RA is symmetrical destructive polyarthritis 
affecting almost all joints of the body[21]. Various environ-
mental and genetic factors may contribute to disease 
onset and severity[22]. Search for the role of microbial 
association with RA dates back to 19th century[23], and 
several viral and bacterial pathogens such as hepatitis C 
virus, parvovirus B19, Epstein-Barr virus (EBV), Proteus 
mirabilis, and Mycobacterium tuberculosis may have a 
role in its pathogenesis[24]. However the role of H. pylori 
infection in the pathogenesis of RA is controversial. 

A cohort study on RA patients showed 80.4% to 
be seropositive for H. pylori. However, this was not 
significantly different from the control group[25]. A study 
from Japan by Tanaka et al[26] reported 49.3% of RA 
patients to have H. pylori antibodies, which was lesser 
compared with the healthy population. Another Japanese 
study reported a much higher prevalence (61.4%) of 
H. pylori infection in RA patients[27]. A study by Zentilin 
et al[28] showed severity of RA in H. pylori seropositive 
patients and suggested improvement in clinical symp-
toms after H. pylori eradication.

A direct role of H. pylori infection in RA pathogenesis 
seems controversial. Besides studies given above, few 
in vitro studies also suggest association of H. pylori 
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in development of autoimmunity in RA patients. Like 
Yamanishi et al[18] found chronic stimulation of B cells due 
to urease produced by H. pylori. This ultimately leads to 
the generation of rheumatoid factor. But, on the other 
hand, the clinical evidence for association between RA 
and H. pylori infection is less substantial and inconclusive. 
Although RA patients have a high risk of developing 
peptic ulcer disease (PUD), but the abundant use of 
non-steroidal anti-inflammatory drugs in the RA patient 
may also contribute to the risk for PUD development[26]. 
Furthermore, studies have shown that not only RA 
patients but also other connective tissue disease patients 
have a prevalence of H. pylori infection nearly similar 
to that of control group[25,26]. Hence, the overall data 
regarding the association of H. pylori infection with RA 
pathogenesis remains controversial. Further specific in 
vitro and large scale clinical trials are required to provide 
clear understanding of this relationship.

H. PYLORI-ASSOCIATED SYSTEMIC 
LUPUS ERYTHEMATOSUS
Systemic lupus erythematosus (SLE) is an autoimmune 
chronic inflammatory disease affecting multi-system. 
Immunologic abnormalities include the production of 
a number of autoantibodies, such as anti-dsDNA and 
anti-nuclear antibodies[29]. A number of microorganisms 
such as parvovirus B19, EBV and cytomegalovirus are 
associated in the disease pathogenesis[24].

H. pylori prevalence has been studied in SLE 
patients, but unlike other infectious agents, results vary 
significantly in published literature. A study by Kalabay et 

al[30] demonstrated similar frequency of H. pylori infection 
in SLE patients and control group. Also a study by Showji 
et al[31] demonstrated that patients with SLE have lesser 
anti-H. pylori antibodies in contrast to patients with some 
other connective tissue diseases. However, Yamanashi 
et al[18] have shown in-vivo induction of anti-single 
stranded DNA antibodies by H. pylori urease. In contrast 
to this evidence of SLE related antibody induction by H. 
pylori, fewer studies have shown protective role of H. 
pylori-infection in patients with SLE. Such as, Sawalha 
et al[32] have compared 466 SLE patients to matched 
control showing lower anti-H. pylori sero-positivity in 
SLE patients (36.5%:42.9%). Furthermore, in this study 
African American old age sero-positive females developed 
SLE more frequently compared to sero-negative 
females. Hence suggesting that H. pylori-infection have 
a protective role in the development of SLE is specific to 
this population group.

H. PYLORI-ASSOCIATED FIBROMYALGIA
Fibromyalgia (FMG), a chronic pain disorder, is associated 
with widespread musculoskeletal pain, stiffness, fatigue, 
anxiety, cognitive dysfunction, sleep difficulties and 
depression. Etiology and pathogenesis of FMG remains 
unknown[33]. Studies have evaluated association of FMG 
with bacterial and viral infection, however literature 
regarding specific role of H. pylori-infection in FMG deve-
lopment is inadequate. Microorganisms might contribute 
to the development of FMG by activation of inflammatory 
cytokines leading towards neuroendocrine abnormalities[34].

A study by Malt et al[35] shows that about 33% of the 
subjects were H. pylori positive in both FMG and control 
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Figure 1  Helicobacter pylori mediated immunologic responses. IL: Interleukin; TNF: Tumor necrosis factor; H. pylori: Helicobacter pylori; DNA: Deoxyribonucleic 
acid.
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group, therefore they concluded that H. pylori-infection 
was not associated with psychological changes in both 
diseased and control subjects. A recent study by Akkaya 
et al[36] demonstrated an association of H. pylori-infection 
with FMG patients and compared to similar gender 
control group. The FMG patients demonstrated higher 
frequency of an anti-H. pylori antibody (IgG) was seen in 
when compared to the control group, (30.8% and 17.1% 
respectively. Further, amongst FMG patients’ depression 
and anxiety levels were not different between H. pylori-
infected FMG patients or un-infected FMG patients. 

CONCLUSION
The unique ability of H. pylori to chronically infect human 
gastric mucosa to activate inflammation and host imm-
unological response suggests its role in autoimmune 
diseases. Associations with few autoimmune diseases are 
strong[7], whereas association of H. pylori infection with 
autoimmune RD remains controversial. To develop better 
understanding of H. pylori-association with RD further 
molecular and clinical research studies with larger sample 
sizes are warranted.
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Abstract
Pyoderma gangrenosum (PG) presents with refractory, 
sterile, deep ulcers most often on the lower legs. 
Clinically, PG exhibits four types, i.e. , ulcerative, bullous, 
pustular, and vegetative types. PG may be triggered by 
surgical operation or even by minor iatrogenic procedures 
such as needle prick or catheter insertion, which is well-

known as pathergy. PG is sometimes seen in association 
with several systemic diseases including rheumatoid 
arthritis (RA), inflammatory bowel disease, hematologic 
malignancy, and Takayasu’s arteritis. In particular, various 
cutaneous manifestations are induced in association 
with RA by virtue of the activation of inflammatory cells 
(neutrophils, lymphocytes, macrophages), vasculopathy, 
vasculitis, drugs, and so on. Clinical appearances of 
ulcerative PG mimic rheumatoid vasculitis or leg ulcers 
due to impaired circulation in patients with RA. In 
addition, patients with PG sometimes develop joint 
manifestations as well. Therefore, it is necessary for 
not only dermatologists but also rheumatologists to 
understand PG.

Key words: Neutrophilic dermatosis; Pathergy; Köebner 
phenomenon; Autoinflammatory disorder
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Core tip: Pyoderma gangrenosum (PG) is occasionally 
seen in patients with systemic diseases such as 
rheumatoid arthritis (RA), inflammatory bowel disease, 
hematologic malignancy, and Takayasu’s arteritis. PG is 
sometimes precipitated by minor trauma or triggered by 
surgical operation or even by iatrogenic procedures such 
as needle prick or catheter insertion, which play a role 
as pathergy. Clinical appearances of ulcerative pyoderma 
gangrenosum mimic rheumatoid vasculitis or leg ulcers 
caused by impaired circulation in patients with RA. It 
is necessary for rheumatologists as well to understand 
pyoderma gangrenosum.
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INTRODUCTION
Pyoderma gangrenosum (PG) is a refractory disease 
characterized by deep ulcers, predominantly in the lower 
extremities[1-4]. PG usually occurs in young to middle-
aged, but sometimes involves elderly patients, with a 
slight predilection for females. The general incidence 
has been estimated to be 3 to 10 per million per year[5]. 
More recent studies have shown that the overall 
incidence was 6.3 (95%CI: 5.7-7.1) per million person-
years in the United Kingdom[6]. PG is often triggered 
by iatrogenic or surgical procedures such as injection, 
needle prick, and catheter insertion, in patients with 
rheumatoid arthritis (RA), inflammatory bowel disease 
(IBD), acute myeloid leukemia, and Takayasu’s arteritis 
(TA) through the therapies for primary diseases. RA 
presents with various cutaneous conditions, either 
specific or non-specific findings[7]. Among them, PG 
is the representative neutrophilic condition caused by 
activated neutrophil infiltration into the dermis. It is 
important for rheumatologists to know PG, because PG is 
sometimes misdiagnosed as rheumatoid vasculitis or leg 
ulcers due to impaired circulation, based on similar clinical 
appearances. This review provides current updates of the 
pathophysiology to better understand PG for especially 
rheumatologists.

CLINICAL FEATURES
PG is clinically classified into 4 types, i.e., ulcerative, 
bullous, pustular and vegetative types. Ulcerative type PG 
is most common, which rapidly enlarges with central deep 
ulceration and undermined borders. The ulcerations are 
surrounded by raised edematous borders on the pretibial 
areas (Figure 1A). Initially, a small sterile follicular pustule 
arises, and rapidly forms abscess, ulcerated and spread 
outerwards. The surface is covered with necrotic tissues.

Bullous PG is relatively rare, and more than 30 cases 
of bullous PG have been so far reported[8]. This type 
is characterized by rapid development of vesicles and 
enlarging bullae with central necrosis and shallow erosions 
(Figure 1B). Previous reports indicate that extremities 
are the most frequently involved, and hematological 
malignancies, i.e., preleukemic conditions and leukemia, 
are mostly associated. In the majority of cases, deve-
lopment of bullous PG was related with the activity of 
gastrointestinal or hematological conditions.

Pustular PG is a rare type, and occasionally appears 
in association with other types. According to the frequent 
involvement of the lower extremities, pustules are often 
seen along with ulcerative lesion (Figure 1C). Additionally, 
pustules can be seen on the back, or scalp, as well.

Vegetative PG is a superficial, non-aggressive form 
with verrucous appearance (Figure 1D). Although several 
different clinical and histological features are proposed 
between PG and superficial granuloma pyoderma[9], 
vegetative type PG is nowadays considered to be the same 
as superficial granulomatous pyoderma[2]. Malignant 

pyoderma is a rare pyodermatous condition, which rapidly 
progresses and ulcerates, predominantly affecting the 
head and neck in young patients without associated 
systemic disorders[10]. Some of the reported cases present 
with similar clinical features to PG, whereas others not.

The most frequently involved site of PG is the lower 
legs, however, any other sites such as the face, trunk, 
and genital regions can also be involved. Genital PG is 
relatively few, with a male predominance[11]. It is impor-
tant not to misdiagnose as decubitus. Rarely, PG occurs 
on the face, and also involves peripheral sites such as 
digits, ears and scalp[12] (Figure 2). Those cases may 
be considered to be peripheral PG. Periauricular PG is 
also rare, and several cases of auricular PG have been 
reported[13-15]. Peripheral PG involving fingers/toes, ears, 
and genital areas, should be widely recognized.

Other than the skin, several symptoms are occasio-
nally seen associated with PG. Arthritis is the most 
common[16], followed by eye lesion and multiple organ 
involvement. Aseptic neutrophilic abscess is occasionally 
seen in the lung, kidney, liver, heart, central nervous 
system, and musculo-skeletal system, which disappear 
along with systemic steroid therapy.

ATYPICAL SUBSETS
Peristomal PG
Peristomal PG (PPG) is sometimes seen, mainly in 
patients with Crohn’s disease. PPG begins with painful 
tender or pustular lesions which form fistulous tracts 
or ulcerations spreading outward, occasionally without 
involvement of the mucocutaneous junction. Continual 
irritation, infection, increased pressure of stoma, or 
allergic reaction, as well as predisposition of parastomal 
skin of patients are suggested to induce PPG[17].

Superficial granulomatous PG
Superficial granulomatous pyoderma is a mild subtype 
of PG, which is slowly progressive and presents with 
superficial ulcers. Histologically, superficial granulomatous 
pyoderma shows a three-layered granuloma, such as 
inner neutrophils and necrosis surrounded by histiocytes 
and giant cells, with an outer layer of inflammatory cells. 
Apart from PG, superficial PG does not accompany other 
systemic disorders. Although superficial ulcers may 
respond to topical agents, some cases need systemic 
corticosteroids or disease modifying anti-rheumatic drugs. 
Those refractory cases are sometimes called superficial 
granulomatous PG. This condition is considered to be 
similar to vegetative PG and also malignant pyoderma[2].

Drug-induced PG
PG is rarely induced by drugs, i.e., iodide, bromide, 
isotretinoin, granulocyte colony-stimulating factor, and 
granulocyte-macrophage colony-stimulating factor. A few 
cases of propylthiouracil-induced PG have been reported 
in patients with positive ANCA[18-20]. By contrast, PR3-
ANCA is extremely rare.
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Pyodermatitis-pyostomatitis vegetans
Pyodermatitis-pyostomatitis vegetans involves the oral 
cavity and skin, especially in patients with UC. This form 
may be a variant of pustular PG.

ASSOCIATED DISEASES
PG is sometimes associated with systemic diseases such 
as IBD, RA, TA, and hematologic disorders. Between 
rheumatic disease-associated and non-rheumatic disease
-associated PG, there are no differences in the aspects of 
clinical features, pathogenesis, and response to therapy. 
Because PG is a relatively rare disease, case reports are the 
main and there are so far very few reports analyzing a 
significant number of cases. Neutrophils play an important 
role in the onset and perpetuation of RA, and activated 
neutrophils are recruited to the skin and induce various 
neutrophilic dermatosis such as PG, Sweet’s disease 
and erythema elevatum diutinum. PG is occasionally 
seen in relation with the severity and activity of RA. 
Very recently, a cohort study has been published which 
analyzed a large database of IBD[21]. The ratio of PG was 
1.9% among patients with IBD, and more than half of 
the patients had active bowel disease in relation with 
the episodes of PG. TA is characterized by stenosis or 
occlusion affecting mainly the aorta and its branches in 
young women. Several kinds of cutaneous manifestations 

are occasionally seen in association with TA, with 
representative lesions such as erythema nodosum and 
PG. To date, the association of PG and TA has not been 
frequently reported[22]. PG occurring in patients with TA 
usually involves the upper limbs, followed by the scalp, 
face, neck, trunk, buttocks, and pubic region, in addition 
to the lower limbs[23]. Inflammatory cytokines, such 
as tumor necrosis factor - α (TNF-α), are considered to 
play an important role in the pathogenesis of TA. Recent 
studies have shown that TNF-α targeted therapies are 
effective for both TA[24] and PG[25], suggesting possible 
pathogenic similarities between these disorders. In 
addition, hematologic malignancies such as malignant 
lymphoma and leukemia, systemic lupus erythematosus, 
chronic hepatitis, and primary biliary cirrhosis are 
associated.

AUTOINFLAMMATORY DISEASES
Autoinflammatory disease is characterized by hyperre-
actvation of the innate immune system, some of which 
show skin, joint, and eye manifestations. PG may be
included in idiopathic febrile syndromes of autoinflamm-
atory diseases, along with fever, systemic symptoms 
(i.e., anemia, aseptic arthritis, liver dysfunction, 
lymphoadenopathy), and increased levels of acute-
phase protein. Not all of the cases of PG mean autoi-
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Figure 1  Clinical features of pyoderma gangrenosum involving lower legs. Ulcerative type (A), bullous type (B), pustular type (C), and vegetative type (D).
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Figure 2  Pyoderma gangrenosum arising on rare sites, such as the toes (A), scalp (B) and glans (C).

Yamamoto T. Pyoderma gangrenosum associated with rheumatic diseases



dermis. In the upper edematous dermis, a number of 
neutrophils and lymphocytes infiltrate, and neutrophilic 
abscess was located in the mid- to lower dermis with the 
basophilic collagen bundles accompanied by histiocytes as 
well as plasma cells. There are no features of vasculitis. 
Histological features of bullous PG show subepidermal 
edema with numerous neutrophil infiltration. Histological 
features of pustular type shows dense neutrophil infiltr
ation in the upper to mid-dermis. Because the diagnosis 
of PG is made clinically, exclusion of other disorders 
presenting ulcers is necessary. 

PATHOGENESIS
Although PG is a neutrophilic disorder, not only neutrophils 
but also a number of CD3-positive T cells infiltrate in 
the lesional skin[39], which suggests that T cells play an 
important role in the induction of PG, via T cell-derived 
cytokines and chemokines. Histological features of PG 
have shown that neutrophil recruitment was predominant 
in the ulcerative wound bed, whereas in the wound 
edge, activated T cells and macrophages were abundant 
and play a role as effector cells to ulcer formation[40]. 
IL-8 has been implicated to play an important role in 
neutrophil recruitment in the lesional skin. TNF-α induces 
IL-8 production by peripheral mononuclear cells[41]. Also, 
therapies targeting TNF-α result in beneficial effects on 
refractory PG[42,43], suggesting a crucial role of TNF-α 
in the pathogenesis of PG. TNF-α enhances vascular 
permeability in endothelial cells[44] as well as endothelial 
barrier dysfunction, which may be relevant to bullous 
formation of PG. TNF-α plays an important role in IBD, 
whereas role of TNF-α in hematological malignancy 
is unclear. The etiology of bullous PG in hematological 
conditions needs further studies.

In addition, Th17 cells promote neutrophil-mediated 
inflammation. IL-17 activates the endothelium to lead 
to neutrophil infiltration in a p38 mitogen-activated 
protein kinase-dependent manner[45]. In addition, IL-17 
and TNF-α enhance endothelial expression of neutrophil 
chemokines, i.e., CXCL1, CXCL2 and CXCL5, leading to 
leukocyte migration[46]. Recently, increased expression of 
IL-23 was found in the lesional skin of PG, and targeting 
therapy of IL12/IL23 p40 was effective[47], suggesting 
that IL-23 may play a pathogenic role in PG. 

PATHERGY
It is well-known that surgical operation and minor trauma 
precipitate PG. There are many reports of PG occurring 
at percutaneous surgical sites, such as breast surgery, 
pacemaker implantation, splenectomy, hysterectomy, 
endoscopic tube insertion, cholecystectomy, and cesa-
rean delivery[22,48]. Similar cases have been reported 
which were triggered even by less invasive iatrogenic 
procedures such as injection, needle prick, and catheter 
insertion, in patients with underlying systemic diseases. 
Such phenomena are called pathergy, which means 

inflammatory diseases, however, cases accompanied 
with other symptoms may be considered to represent 
autoinflammatory disorders. pyoderma gangrenosum, 
acne, pyogenic arthritis syndrome is caused by mutations 
in the PSTPIP1 gene on chromosome 15. pyoderma 
gangrenosum, acne, suppurative hidradenitis syndrome 
lacks pyogenic arthritis, and genetic analysis revealed 
frequent CCTG repeat in the PSTPIP1 promoter[26]. Very 
recently, pyoderma gangrenosum, acne conglobate, 
supprative hidradenitis, axial spondylarthritis syndrome 
and pyoderma gangrenosum, acne, psoriasis, arthritis, 
suppurative hidradenitis (PAPASH) syndrome have been 
proposed[27,28].

ASSOCIATION WITH OTHER 
NEUTROPHILIC DISORDERS
Hidradenitis suppurativa
Hidradenitis suppurativa (HS) is caused by follicular 
occlusion by infundibular hyperkeratinization and dila-
tation. HS is occasionally associated with IBD and more 
recently developed as one of the major skin manifestations 
of autoinflammatory syndrome. Recent advances in 
the pathogenesis of HS suggest the significant role of 
IL23/Th17 signaling pathway, reduced innate defense 
antimicrobial peptides, and elevated levels of TNF-α[29,30].

Psoriasis
Psoriasis is immunologically mediated by aberrant, 
skindirected T cells belonging to Th1/Th17 subset. In 
a large review of more than 100 patients with PG, 11 
(11%) patients had psoriasis[31]. Fewer number of cases 
of PG associated with psoriatic arthritis have also been 
reported[32,33].

Palmoplantar pustulosis
Palmoplantar pustulosis (PPP) presents with sterile 
pustules on the palms and soles, with a predilection for 
females. PPP is a disease close to psoriasis, and the IL23/
IL17 inflammatory pathway has recently been suggested 
to be important also in PPP. IL-23 expression is enhanced 
in the lesional skin[34], and IL-17 is detected close to or in 
the acrosyringium[35]. IL-8 has been considered to play a 
key role in the neutrophil accumulation in the epidermis, 
but recent findings suggest that IL-17 may also play 
an important role, because IL-17 promotes neutrophil 
migration via the release of CXC chemokines[36]. IL-17 
and IL-22 are increased in the peripheral blood of patients 
with PPP[37]. Although the simultaneous co-existence 
of PPP and PG in a single patient is rare, several cases 
have been reported[38], which suggest an etiological link 
between those disorders.

HISTOPATHOLOGY
Histological features are not pathognomonic, and dense 
neutrophil and lymphocyte infiltration is seen in the whole 
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hyper-reactivity of the skin in response to even minor 
trauma. Because the majority of patients with PG have 
systemic disorders, PG should be correctly and widely 
recognized, not misdiagnosed as infectious conditions, 
by the doctors belonging to other departments than 
dermatology. These results suggest that pathergy 
reaction is implicated as a triggering role in PG in 
susceptible patients, even without systemic diseases. 
Pathergy can be seen in about 20% of cases of PG[2]. 
The etiology of pathergy is still unknown, however, 
activated neutrophils recruited to the injured skin, via an 
aberrant immune response to minor trauma, defective 
cell-mediated immunity, aberrant integrin oscillations on 
neutrophils and abnormal neutrophil tracking, have been 
speculated.

DIFFERENTIAL DIAGNOSIS
Skin diseases exhibiting refractory ulcers, due to 
infection, vascular insufficiency, vasculitis, and malign-
ancy should be differentiated. Especially in cases affecting 
patients with RA, rheumatoid vasculitis or leg ulcers due 
to impaired circulation should be carefully differentiated.

Cutaneous manifestations of granulomatosis with 
polyangiitis (Wegener’s granulomatosis) present with 
purpura, ulcer, hemorrhagic bullae, livedo reticularis, and 
subcutaneous nodules. Histologically, specific skin lesions 
show granulomatous vasculitis. Sometimes, PG-like 
ulcerative lesions occur in patients with granulomatosis 
with polyangiitis[49-51], which are sometimes reported as 
malignant pyoderma.

Cutaneous cryptococcosis presents with various 
features such as papules, pustules, nodules, granulomas, 
abscesses, subcutaneous swelling, cellulitis-like 
erythema, erysipelas, and ulcers. A few cases with clinical 
features mimicking PG have been reported[52,53].

THERAPY
Occasionally, PG is improved only by topical immuno-
therapies, such as corticosteroids, tacrolimus, and 
pimecrolimus[47,54], however, the first line for the therapy 
of PG is systemic corticosteroids. For steroid-resistant 

cases, other immunosuppressive and immunomodulatory 
drugs, such as cyclosporine, thalidomide, tacrolimus, 
azathioprine, mycophenolate mofetil, and recently 
biologics are also used[25,55]. In particular, anti-TNF-α 
therapies result in beneficial effects on refractory PG. A 
randomized, double-blind, placebo-controlled trial have 
demonstrated a superior effect of infliximab for PG[56]. 
Also, a number of case reports have demonstrated that 
biologics targeting TNF-α and IL12/23 p40 are effective 
for PG[47,57-59]. Surgical therapy is also adopted at the 
last step, with the aid of prednisolone use (Figure 3). In 
contrast to dramatic effect of biologics, PG is paradoxically 
induced by biologics, in rare cases[60-62].

CONCLUSION
To diagnose PG properly, it is important to lay stress on 
clinical features and to exclude other disorders exhibiting 
ulcers, because the histologic features are not diagnostic. 
At present, there are no diagnostic criteria. However, 
several proposals have recently been shown[4,63], which 
are expected to be of great help for correct diagnosis. 
Furthermore, although there are many single case 
reports, very few cohort studies or comparative studies 
among underlying systemic diseases have been done. 
To perform those studies, collaboration of different 
departments is necessary in the future project.
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Abstract
AIM: To evaluate the effectiveness of the biological 
disease-modifying antirheumatic drugs (bDMARD) in the 
treatment of rheumatoid arthritis through a systematic 
review of observational studies.

METHODS: The studies were searched in the PubMed, 
EMBASE, Cochrane Controlled Trials Register and 
LILACS databases (until August 2014), in the grey litera-
ture and conducted a manual search. The assessed 
criteria of effectiveness included the EULAR, the disease 
activity score (DAS), the Clinical Disease Activity Index, 
the Simplified Disease Activity Index, the American 
College of Rheumatology and the Health Assessment 
Questionnaire. The meta-analysis was performed with 
Review Manager® 5.2 software using a random effects 
model. A total of 35 studies were included in this review. 
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RESULTS: The participants anti-tumor necrosis factor 
inhibitors (TNF) naïve, who used adalimumab (P  = 
0.0002) and etanercept (P  = 0.0006) exhibited greater 
good EULAR response compared to the participants who 
used infliximab. No difference was detected between 
adalimumab and etanercept (P  = 0.05). The participants 
who used etanercept exhibited greater remission 
according to DAS28 compared to the participants 
who used infliximab (P  = 0.01). No differences were 
detected between adalimumab and infliximab (P = 0.12) 
or etanercept (P  = 0.79). Better results were obtained 
with bDMARD associated with methotrexate than with 
bDMARD alone. The good EULAR response and DAS 
28 was better for combination with methotrexate than 
bDMARD monotherapy (P  = 0.03 e P  < 0.00001). In 
cases of therapeutic failure, the participants who used 
rituximab exhibited greater DAS28 reduction compared 
to those who used anti-TNF agents (P  = 0.0002). The 
participants who used etanercept achieved greater 
good EULAR response compared to those who did 
not use that drug (P  = 0.007). Studies that assessed 
reduction of the CDAI score indicated the superiority of 
abatacept over rituximab (12.4 vs  +1.7) and anti-TNF 
agents (7.6 vs  8.3). The present systematic review with 
meta-analysis found that relative to anti-TNF treatment-
naïve patients, adalimumab and etanercept were more 
effective when combined with methotrexate than when 
used alone. Furthermore, in case of therapeutic failure 
with anti-TNF agents; rituximab and abatacept (non 
anti-TNF) and etanercept (as second anti-TNF) were 
more effective. However, more studies of effectiveness 
were found for the rituximab.

CONCLUSION: The best treatment for treatment-naïve 
patients is adalimumab or etanercept combined with 
methotrexate. For anti-TNF therapeutic failure, the best 
choice is rituximab, abatacept or etanercept.

Key words: Systematic review; Meta-analysis; Effecti-
veness; Biological disease-modifying antirheumatic 
drugs; Rheumatoid arthritis

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Rheumatoid arthritis is a chronic, progressive, 
systemic inflammatory disease that preferentially 
affects the synovial membranes of joints, eventually 
leading to bone and cartilage destruction. Its world-
wide prevalence is estimated to be 0.3% to 1%. 
Observational studies could provide relevant information 
for deciding the choice of treatments, the elaboration 
of clinical protocols, and the formulation of health 
policies. The present systematic review of biological 
disease-modifying antirheumatic drugs included cohort 
observational studies that reported treatment results 
applied in real-life conditions; thus, these studies are 
able to fill in gaps in knowledge left by clinical trials. 

dos Santos JB, Costa JO, Oliveira Junior HA, Lemos LLP, Araújo 

VE, Machado MAÁ, Almeida AM, Acurcio FA, Alvares J. What is 
the best biological treatment for rheumatoid arthritis? A systematic 
review of effectiveness. World J Rheumatol 2015; 5(2): 108-126  
Available from: URL: http://www.wjgnet.com/2220-3214/full/v5/
i2/108.htm  DOI: http://dx.doi.org/10.5499/wjr.v5.i2.108

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, progressive, 
systemic inflammatory disease that preferentially affects 
the synovial membranes of joints, eventually resulting 
in destruction of bone and cartilage[1]. Its worldwide 
prevalence is estimated to be 0.3% to 1%[2]. 

Treatment of RA includes non-steroidal anti-infla-
mmatory drugs, corticoids and synthetic (sDMARD) and 
biological [biological disease-modifying antirheumatic 
drugs (bDMARD)] disease-modifying antirheumatic 
drugs. bDMARD are indicated for individuals with 
persistent disease activity despite the use of sDMARD[3-5]. 
Tumor necrosis factor inhibitors (anti-TNF) are inhibitors 
of tumor necrosis factor alpha, rituximab is depleting B 
lymphocyte, abatacept is blocking of costimulation of T 
lymphocyte and tocilizumab is a blocking interleukin-6 
receptor. Among the bDMARD, anti-TNF represent the first 
choice after failure of regimens that included sDMARD, 
and there is more evidence of the post-marketing efficacy 
and safety for anti-TNF agents[4,5]. Nevertheless, anti-TNF 
could eventually exhibit therapeutic failure, in which case 
another anti-TNF drug or another class of bDMARD might 
be used[6,7]. 

Appropriate knowledge of the effectiveness profiles 
of all of these strategies is relevant for choosing the best 
option for each patient. In this regard, observational 
studies are particularly interesting, as they seek to 
understand treatments in the actual practice setting. 
Thus, this type of study could contribute to decide the 
choice of treatments, the elaboration of clinical protocols, 
and the formulation of health policies. The present 
systematic review selected cohort observational studies. 
These types of studies more accurately represent real-
life conditions (actual practice setting) and are able to 
provide complementary data to the results of randomized 
clinical studies conducted in controlled conditions[8].

The aim of the present study was to assess the 
effectiveness of the anti-TNFs adalimumab, etanercept, 
infliximab, golimumab and certolizumab pegol and of the 
non anti-TNF rituximab, tocilizumab and abatacept, in the 
treatment of active RA by means of a systematic review 
with meta-analysis. 

MATERIALS AND METHODS
This systematic review followed the recommendations 
in the Cochrane Collaboration Handbook and was 
elaborated using Preferred Reporting Items for Syste-
matic Reviews and Meta-Analysis (PRISMA)[9,10].
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Eligibility criteria
We included prospective and retrospective cohort 
studies and database records of patients with RA whose 
diagnoses were confirmed based on the ACR 1987 and 
the more recent ACR/EULAR 2010 criteria. Studies that 
accessed the effectiveness of adalimumab, etanercept, 
infliximab, golimumab, certolizumab pegol, rituximab, 
tocilizumab and abatacept between themselves, in 
monotherapy or combined with sDMARD were evaluated 
for inclusion. 

Study search
We performed an electronic search of relevant articles 
published before August 2014 in the PubMed, EMBASE, 
Cochrane Controlled Trials Register and LILACS 
databases. Several combinations of terms corresponding 

to the disease, interventions and type of study were used 
in the search strategy (Table 1). 

In addition, we conducted a manual search in the 
2012 and 2013 editions of four rheumatology journals 
(Journal Rheumatology, Rheumatology, Rheumatology 
International and the Brazilian Journal of Rheumatology) 
and in the abstracts of the ACR and the EULAR meetings. 
Also, we searched for grey literature in the Digital Library 
of Theses and Dissertations of University of São Paulo, 
and ProQuest Dissertation and Theses Database. 

Study selection and data collection processes
We performed the study selection in duplicate by four 
independent examiners (JBS, JOC, HAOJ, LLPL). The 
steps included analysis of titles, abstracts, and analysis 
of the full-texts of articles. Divergences were analyzed by 
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  PubMed
     (((Arthritis, Rheumatoid[Text Word] or "Arthritis, Rheumatoid"[Mesh]) and (((((((((((rituximab[Text Word] or Mabthera[Text Word]) or            
     Rituxan[Text Word]) or IDEC-C2B8 antibody[Text Word]) or "rituximab"[Supplementary Concept]) or (((((((TNFR-Fc fusion protein[Text Word] or 
     TNR 001[Text Word]) or TNR-001[Text Word]) or TNF receptor type II-IgG fusion protein[Text Word]) or recombinant human dimeric TNF receptor 
     type II-IgG fusion protein[Text Word]) or Enbrel[Text Word]) or etanercept[Text Word]) or "TNFR-Fc fusion protein"[Supplementary Concept])) 
     or ((((infliximab[Text Word] or monoclonal antibody cA2[Text Word]) or MAb cA2[Text Word]) or Remicade[Text Word]) or "infliximab"[Sup
     plementary Concept])) or ((adalimumab[Text Word] or Humira[Text Word]) or "adalimumab"[Supplementary Concept])) or (((((certolizumab[Text 
     Word] or CDP870[Text Word]) or CDP 870[Text Word]) or Cimzia[Text Word]) or certolizumab pegol[Text Word]) or "certolizumab      
     pegol"[Supplementary Concept])) or ((((((((((((abatacept[Text Word] or BMS 188667[Text Word]) or BMS-188667[Text Word]) or nulojix[Text 
     Word]) or CTLA-4-Ig[Text Word]) or cytotoxic T lymphocyte-associated antigen 4-immunoglobulin[Text Word]) or CTLA4-Fc[Text Word]) or 
     CTLA4-Ig[Text Word]) or LEA29Y[Text Word]) or Orencia[Text Word]) or BELATACEPT[Text Word]) or BMS-224818[Text Word]) or "abatacept"
     [Supplementary Concept])) or (((tocilizumab[Text Word] or atlizumab[Text Word]) or Actemra[Text Word]) or "tocilizumab"[Supplementary     
     Concept])) or ("golimumab"[Supplementary Concept] or (Simponi[Text Word] or golimumab[Text Word]))))) and (("Cohort Studies"[Mesh]) or 
     (((cohort*[Text Word]) or controlled clinical trial[Publication Type]) or epidemiologic methods))
  EMBASE
     "golimumab"/exp and [embase]/lim or ("cnto$148" and [embase]/lim) or ("simponi" and [embase]/lim) or ("tocilizumab"/exp and [embase]/
     lim) or ("actemra" and [embase]/lim) or ("actemra 200" and [embase]/lim) or ("atlizumab" and [embase]/lim) or ("r$1569" and [embase]/lim) 
     or ("roactemra" and [embase]/lim) or ("abatacept"/exp and [embase]/lim) or ("bms$188667" and [embase]/lim) or ("ctla4$ig" and [embase]/
     lim) or ("ctla4 immunoglobulin" and [embase]/lim) or ("ctla4 immunoglobulin g" and [embase]/lim) or ("orencia" and [embase]/lim) or 
     ("certolizumab pegol"/exp and [embase]/lim) or ("cdp$870" and [embase]/lim) or ("cimzia" and [embase]/lim) or ("pha$738144" and [embase]/
     lim) or ("adalimumab"/exp and [embase]/lim) or ("humira"/exp and [embase]/lim) or ("monoclonal antibody d2e7" and [embase]/lim) or 
     ("trudexa" and [embase]/lim) or ("infliximab"/exp and [embase]/lim) or ("avakine" and [embase]/lim) or ("inflectra" and [embase]/lim) or 
     ("remicade" and [embase]/lim) or ("remsima" and [embase]/lim) or ("revellex" and [embase]/lim) or ("etanercept"/exp and [embase]/lim) or 
     ("embrel" and [embase]/lim) or ("enbrel" and [embase]/lim) or ("recombinant tumor necrosis factor receptor fc fusion protein" and [embase]/lim)      
     or ("tnr$001" and [embase]/lim) or ("tumor necrosis factor receptor fc fusion protein" and [embase]/lim) or ("rituximab"/exp and [embase]/lim) 
     or ("idec c2b8" and [embase]/lim) or ("mabthera" and [embase]/lim) or ("monoclonal antibody idec c2b8" and [embase]/lim) or ("reditux" and 
     [embase]/lim) or ("rituxan" and [embase]/lim) or ("rituxin" and [embase]/lim) and ("rheumatoid arthritis"/exp and [embase]/lim or ("arthritis, 
     rheumatoid" and [embase]/lim)) and ("cohort analysis"/exp and [embase]/lim or ("longitudinal study"/exp and [embase]/lim) or ("prospective 
     study"/exp and [embase]/lim) or ("follow up"/exp and [embase]/lim) or ("cohort$" and [embase]/lim))
  Cochrane Controlled Trials Register  
     #1 MeSH descriptor: [Arthritis, Rheumatoid] explode all trees
     #2 Rheumatoid Arthritis in Trials
     #3 golimumab in Trials
     #4 tocilizumab in Trials
     #5 abatacept in Trials
     #6 certolizumab pegol in Trials
     #7 adalimumab in Trials
     #8 infliximab in Trials
     #9 etanercept in Trials
     #10 rituximab in Trials
     #11 #1 or #2 in Trials
     #12 #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 in Trials
     #13 #11 and #12
  LILACS
     (tw:((mh:(arthritis, rheumatoid)) or (tw:(artrite reumatoide)) or (tw:(artritis reumatoide)) )) and (tw:((tw:(adalimumab)) or (tw:(etanercept)) or 
     (tw:(infliximab)) or (tw:(rituximab)) or (tw:(golimumab)) or (tw:(tocilizumab)) or (tw:(abatacept)) or (tw:(certolizumab pegol))))

Table 1  Search strategies
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causes of heterogeneity were investigated by excluding 
one study at a time and checking the changes in I2 and P 
values.

RESULTS
Study inclusion
A total of 5422 articles were found in the investigated 
electronic databases, and a further four after manual 
search. Following the exclusion of duplicates, 5089 
articles were selected for title analysis, from which 1724 
were selected for abstract analysis, and finally 131 for 
full-text reading. Following full-text reading, 35 studies 
were included in the review, corresponding to 30 full-
text articles[12-42] and five abstracts[43-47] (Figure 1). No 
observational study assessed the medicines golimumab 
or certolizumab pegol.

Characteristics of the studies
Among the 35 observational studies included, 16 were 
registry studies and 19 were cohort studies; eight 
were retrospective, and 27 were prospective. The 
study duration varied from 15 to 80 mo, though this 
information was not provided by some authors. The 
participants were followed from three to 48 mo. Five 
studies were funded by pharmaceutical companies, two 
studies were not funded by the pharmaceutical industry, 
and 16 had mixed funding; in the remainder articles the 
authors did not disclose the funding source. Nine studies 
assessed anti-TNF naïve participants, and 11 studies 
assessed cases of therapeutic failure with at least one 
anti-TNF agent; the remainder of the studies did not 
inform whether therapeutic failure had occurred or did 
not separate patients into subgroups (Table 2). Disease 
duration varied from 6 to 20 years. Approximately 50% 
of the participants used glucocorticoids and the use of 
sDMARD varied from 31% to 100%. In most of the 
studies, the DAS28 score was > 5.1, which indicates high 
disease activity. The HAQ score varied from 0.4 to 2.2 
(Figure 2).

Methodological quality 
From the 35 analyzed studies, two achieved the highest 
score on the Newcastle-Ottawa scale, nine stars; 14, eight 
stars; seven, seven stars; 10, six stars; and two, five 
stars (Table 3). The funnel plot did not exhibit asymmetry 
relative to outcomes in the DAS 28 and EULAR response, 
which indicated the absence of publication bias, and thus 
of overestimation of the intervention effects calculated in 
the meta-analysis (data not shown).

Data synthesis
A total of 22 studies assessed the drugs adalimumab, 
etanercept and infliximab; nine studies assessed anti-
TNF naïve patients only and seven anti-TNF naïve 
participants and cases of therapeutic failure; six studies 
did not inform whether therapeutic failure had occurred. 
Nineteen of those studies were included in the meta-
analyses of EULAR responses, DAS28, remission 

another reviewer (VEA). Data collection was performed 
by four investigators (JBS, JOC, HAOJ, LLPL). The authors 
were contacted for additional information whenever 
needed. We assessed effectiveness as indicated by the 
rate of response to bDMARD according to the criteria of 
ACR and EULAR. We also analysed the Simplified Disease 
Activity Index (SDAI), Clinical Disease Activity Index 
(CDAI), Disease Activity Score (DAS28) and the Health 
Assessment Questionnaire (HAQ).

Assessment of methodological quality 
The methodological quality of each study was assessed 
by four examiners (JBS, JOC, HAOJ, LLPL); divergences 
were solved by consensus. For that purpose, we used 
the Newcastle-Ottawa scale, as recommended by the 
Cochrane Collaboration in the case of observational 
studies[11]. This scale assesses studies in three major 
domains: selection of the study groups, comparability 
of groups, and ascertainment of exposure and of results 
of interest. The maximum total score is nine stars, and 
scores above six stars are indicative of high methodological 
quality. 

Funding sources were identified to establish potential 
sources of bias. Publication bias was assessed by funnel 
plot analysis of the results of EULAR responses and 
DAS28.

Statistical analysis
We used the Software Review Manager® 5.2 to perform 
the meta-analyses. The results are expressed as relative 
risks (dichotomous variables) or means differences 
(continuous variables) with the corresponding 95%CIs. 
Values of I2 > 40% and P < 0.10 on the χ2 test were 
considered as indicative of significant heterogeneity. The 

111 July 12, 2015|Volume 5|Issue 2|WJR|www.wjgnet.com

5422 records identified through
database searching
EMBASE: 2342
PubMed: 2396
CENTRAL: 623
LILACS: 61

4 additional records identified
through other sources

5089 records after duplicates removed

1724 records screened

131 full-text articles
assessed for eligibility

35 studies included:
30 full-text and 5 

abstract

1593 records excluded

96 full-text articles
excluded

Figure 1  Study flow diagram.
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  N    
  study

Ref. Type of 
study

Time horizon Patient Intervention Country 
conducting the 

study

Funding Sources Duration 
of the 
study 
(mo)

Follow-
up (mo)

  1 Geborek et al[12] Cohort Prospective Naive ETA vs IFX vs 
LEF

Sweden NR 24 12

  2 Van Vollenhoven et al[13] Registry Prospective NR ETA vs ETA + 
MTX

Sweden Mixed NR 12

  3 Cohen et al[14] Cohort Retrospective Therapeutic 
failure

IFX vs ETA France NR 48   3

  4 Finckh et al[15] Registry Prospective Mixed ADA vs ETA vs 
IFX

Switzerland Mixed 80 12

  5 Heiberg et al[16] Cohort Prospective Mixed ADA 
monotherapy vs 

ADA + MTX

Norway Mixed NR 12

  6 Hyrich et al[17,18] Registry Prospective NR ETA 
monotherapy vs 
ETA + MTX vs 

ETA + DMARD 
and ADA 

monotherapy vs 
ADA + MTX vs 

ADA + DMARD

England Pharmaceutical 
industry

NR   6

  7 Kristensen et al[19] Cohort Prospective Naive ETA vs IFX Sweden Mixed 55 36
  8 Bernal Rivera et al[20] Cohort Prospective Naive ADA vs ETA vs 

IFX
Spain NR 24 12

  9 Kristensen et al[19] Cohort Prospective Naive ETA vs IFX Spain NR 72   6
  10 Radstake et al[23] Cohort Prospective NR IFX vs ADA The Netherlands Mixed NR   6
  12 Bazzani et al[24] Registry Prospective Mixed ADA vs ETA vs 

IFX
Italy Pharmaceutical 

industry
25.29 36

  13 Greenwood et al[47] Cohort Retrospective NR ADA vs ETA vs 
IFX

England NR NR 12

  14 Laas et al[25] Cohort Prospective Naive ETA vs ADA Finland No pharmaceutical 
industry

36 3

  15 Arenere Mendoza et al[26] Cohort Retrospective Mixed ADA vs ETA vs 
IFX

Spain NR 80 12

  16 Buch et al[46] Cohort Prospective Therapeutic 
failure

RTX vs  anti-TNF England NR NR   6 

  17 Canhão et al[27] Registry Prospective Naive ADA vs ETA vs 
IFX

Portugal Mixed NR 12

  18 Hetland et al[28] Registry Prospective Naive ADA vs ETA vs 
IFX

Denmark Mixed 86 12

  19 Blom et al[29] Registry Prospective Therapeutic 
failure

 RTX vs anti-TNF The Netherlands Mixed NR 12

  20 Chatzidionysiou et al[30] Registry Prospective Mixed RTX 
monotherapy vs 
RTX + MTX vs 

RTX + LEF

Europe Pharmaceutical 
industry

NR 12

  21 Gotenberg et al[45] Registry Prospective Mixed RTX vs ABAT France NR NR   6

  22 Iannone et al[32] Registry Prospective NR ADA vs ETA vs 
IFX

Italy NR NR 48

  23 Leffers et al[33] Registry Prospective Mixed ABAT vs TOCI Denmark Mixed NR 48
  24 Martínez-Pérez et al[44] Cohort Retrospective Mixed RTX vs IFX Spain NR NR 12
  25 Wakabayashi et al[34] Cohort Retrospective Therapeutic 

failure
TOCI vs ETA Japan No pharmaceutical 

industry
60 12

  26 Finckh et al[36] Cohort Prospective Therapeutic 
failure

RTX vs anti-TNF Switzerland Mixed NR 24

  27 Gomez-Reino et al[35] Cohort Prospective Therapeutic 
failure

 RTX vs anti-TNF Spain Pharmaceutical 
industry

36 12

  28 Greenberg et al[37] Registry Prospective Naive ADA vs ETA vs 
IFX

Unied States Mixed 74 24

  29 Kekow et al[38] Cohort Retrospective Therapeutic 
failure

RTX vs anti-TNF Germany Pharmaceutical 
industry

NR   6

  30 Schabert et al[39] Cohort Retrospective NR ADA vs ETA vs 
IFX

Unied States Mixed 15 12
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Table 2  Characteristics of included studies
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acoording to DAS28, CDAI, SDAI, ACR20, 50 and 70, 
and HAQ (Table 4).

The good EULAR response for the participants 
who used etanercept was no different as that for the 
participants who used infliximab (P = 0.08) (Figure 3). 
However, the meta-analysis exhibited high heterogeneity. 
Following exclusion of the studies by Kristensen et al[19] 
(2006) and Hyrich et al[17] (2006), the heterogeneity 
was lowered, and the results became favorable to 
etanercept (P < 0.0001). No difference was found 
between adalimumab and etanercept (P = 0.80) (Figure 
4). That meta-analysis also exhibited high heterogeneity; 
and after the exclusion of the study by Iannone et al[32] 

(2011), no heterogeneity was detected (P = 0.05). 
The participants who used adalimumab presented 
higher good EULAR response compared to those who 
used infliximab (P = 0.009) (Figure 5). However, that 
meta-analysis exhibited high heterogeneity. Following 
exclusion of the study by Iannone et al[32] (2011), the 
heterogeneity was lowered (P < 0.00001). Comparison of 
etanercept vs infliximab, adalimumab vs etanercept, and 
adalimumab vs infliximab found similar results relative 
to moderate EULAR response (P > 0.05). Regarding 
the EULAR no response, the results were favorable to 
infliximab compared to etanercept (P = 0.01), while 
no difference was detected between adalimumab and 
infliximab (P = 0.09) or etanercept (P = 0.60). The study 
by Gottenberg et al[45] (2011), which was not included in 
the meta-analysis due to the lack of studies comparing 
abatacept and rituximab, did not detect a difference 
in the EULAR responses between the two drugs (P > 
0.05). Additionally, the study by Leffers et al[33] could not 
be included in the meta-analysis for the same reason 
and did not detect a difference in the EULAR responses 
between abatacept and tocilizumab (P > 0.05).

The participants who used etanercept exhibited 
greater remission according to DAS28 compared to 
the participants who used infliximab (P < 0.0001). 
Comparison of adalimumab and infliximab did not 
reveal a significant difference (P = 0.23). However, 
that meta-analysis exhibited moderate heterogeneity. 
Following exclusion of the study by Iannone et al[32], 
the heterogeneity was lowered, and the result became 
favorable to adalimumab (P = 0.001). No significant 
difference was detected between adalimumab and 
etanercept (P = 0.63). However, the meta-analysis 

exhibited high heterogeneity. Following exclusion of the 
study by Iannone et al[32], heterogeneity was lowered (P 
= 0.21). The participants who used etanercept exhibited 
greater reduction in the DAS28 score compared to the 
participants who used infliximab (P = 0.03). Significant 
differences were not detected between adalimumab 
and etanercept (P = 0.36) or infliximab (P = 0.52). 
Comparison of etanercept vs infliximab or adalimumab 
did not reveal any statistically significant differences 
relative to DAS28 (P > 0.05). The study by Arenere 
Mendoza et al[26] (2010), which was not included in the 
meta-analysis due to the lack of studies that analyzed 
the DAS28 outcome, did not report differences between 
adalimumab and infliximab (P > 0.05). The study by 
Greenwood et al[47] (2009), which was not included in 
the meta-analysis due to lack of data, did not report 
significant differences in the DAS28 response when 
comparing adalimumab vs etanercept, infliximab vs 
adalimumab, and infliximab vs etanercept (P > 0.05). 
The study by Gottenberg et al[45] (2011), which was also 
not included in meta-analysis, did not report a difference 
relative to DAS28 outcome between abatacept and 
rituximab (P > 0.05). The study by Leffers et al[33] (2011) 
also did not report a difference between abatacept and 
tocilizumab relative to DAS28 remission (P > 0.05). 

In regard to the ACR20 outcome, the comparison 
of etanercept vs adalimumab or infliximab presented 
similar results (P > 0.05). Comparisons of etanercept 
vs infliximab, etanercept vs adalimumab, and infliximab 
vs adalimumab did not reveal differences relative to 
the outcomes of CDAI and SDAI remission, ACR50 and 
ACR70 (P > 0.05).

The HAQ scores of the participants who used adalimu-
mab (P = 0.0009) and etanercept (P =0.04) were 
better compared to the participants who used infliximab. 
Adalimumab and etanercept were not different in regard 
to that outcome (P = 023). Adalimumab and etanercept 
were also not different in terms of the HAQ reduction 
outcome (P = 0.16). The study by Martinez-Pérez et al[44] 

(2011), which was not included in the meta-analysis due 
to the lack of studies comparing infliximab and rituximab, 
did not report a difference with respect to HAQ (P > 0.05). 
The study by Leffers et al[33] (2011), which was also not 
included in the meta-analysis, did not report a significant 
difference in HAQ between abatacept and tocilizumab (P 
> 0.05). 
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  31 Chatzidionysiou et al[40] Registry Prospective Therapeutic 
failure

Anti-TNF vs ETA 
vs ADA

Stockholm NR NR   6

  32 Keystone et al[43] Cohort Retrospective Therapeutic 
failure

ABAT vs TOCI Canada NR NR 12

  33 Emery et al[41] Cohort Prospective Therapeutic 
failure

RTX vs anti-TNF Multicentre Mixed NR 12

  34 Flouri et al[42]

  
Registry Prospective Mixed ADA vs ETA vs 

IFX
Greece Mixed 60 12

  35 Harrold et al[31] Registry Prospective Therapeutic 
failure

ABAT vs TOCI Unied States Mixed NR 12

ADA: Adalimumab; ETA: Etanercept; IFX: Infliximab; RTX: Rituximab; ABAT: Abatacept; TOCI: Tocililizumab; LEF: Leflunomid; MTX: Methotrexate; 
sDMARD: Synthetic  disease-modifying antirheumatic drugs; NR: Not reported.
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  N   
  study

Author,Year, Study, 
Intervention

n Age (yr) Male 
sex 
(%)

Disease 
duration, 

years

Previous 
anti-

TNF (% 
ou DP)

Previous 
sDMARD 
(% ou DP)

Concom-
itant 

sDMARD 
(% ou DP)

Concom-
itant 

MTX (% 
ou DP)

Conco-
mitant 
steroids 

(% ou DP)

DAS 28 
(DP)

HAQ (DP)

  1 Geborek et al[12]

ETA 166 54.0 22 14.9 NR 4.5 0.7 NR NR 5.8 1.55
IFX 135 55.4 21 14.1 NR 4.0 1.0 NR NR 5.6 1.47

Value p ETA vs IFX NA NS NS NS NR NS < 0.001 NR NR NS NS
  2 Van Vollenhoven et al[13]

ETA monotherapy 40 53.3 (2.0) 30 12.7 (1.5) NR NR NR NR NR NR  1.62 (0.08)
ETA + MTX 57 51.1 (1.7) 9 14.5 (1.3) NR NR NR NR NR NR 1.86 (0.09)

Value P NA NS < 0.02 NS NR NR NR NR NR NR NS
  3 Cohen et al[14]

IFX to ETA 24 53.6 (11.3) 12.5 12.2 (9.6) NR 4.1 (1.8) NR NR NR 5.6 (1.1) NR
ETA to IFX 14 55.8 (12.8) 28.6 15.7 (8.9) NR 4.6 (1.8) NR NR NR 5.9 (1.2) NR

Value P NA NR NR NR NR NR NR NR NR NR NR
  4 Finckh et al[15]

ADA 317 53.0 
(51.4-54.7)

26 10.1 
(5.6-17.5) 

39 NR 53 NR 41 4.19 
(4.02-4.36)

1.25 
(1.18-1.33)

IFX 362 53.1 
(51.7-54.5)

25 10.2 
(5.0-16.5)

12 NR 93 NR 56  4.54 
(4.38-4.7)

 1.37 
(1.29-1.44) 

ETA 519 54.4 
(53.2-55.6)

26  10.3 
(5.7-15.9)

7 NR 64 NR 60 4.72 
(4.59-4.85)

1.37 
(1.31-1.43)

Value P 0.24 0.89 0.97 < 0.001 NR NR NR < 0.001 < 0.001 0.04
  5 Heiberg et al[16]

ADA 84 56.1 (12.9) 21.4 13.5 (9.7) 46 4.9 (2.5) NR NR 5.4 (4.7) 5.5 (1.2) 1.89 (0.57) 
ADA+MTX 99 52.4 (14.4) 21.2 11.8 (9.7) 42 3.8 (3.2) NR NR  3.4 (4.1) 5.4 (1.2) 1.84 (0.45)

Value P NA 0.07 0.97 0.26 0.29 0.01 NR NR < 0.01 0.60 0.52
  6 Hyrich et al[17]

ETA monotherapy 763 58 (12) 20 16 (10) NR 5.0 (2) NR NR 54 6.8 (1.0) 2.2 (0.5)
ETA + MTX 250 54 (12) 24 13 (8) NR 4.0 (2) NR NR 44 6.6 (0.9) 2.1 (0.5)

ETA + sDMARD 245 55 (12) 21 15 (9) NR 5.0 (2) NR NR 51 6.6 (0.9) 2.1 (0.5)
IFX monotherapy 128 59 (12) 21 16 (11) NR 5.0 (2) NR NR 69 6.8 (1.1) 2.2 (0.5)

IFX + MTX 1204 55 (12) 23 14 (9) NR 4.0 (2) NR NR 48 6.7 (0.9) 2.1 (0.5)
IFX + sDMARD 121 58 (12) 26 14 (9) NR 5.0 (2) NR NR 59 6.8 (1.1) 2.2 (0.6)

Value P ETA NA < 0.001 0.27 0.005 NR < 0.001 NR NR 0.01 < 0.001 < 0.001
Value P IFX NA < 0.001 0.65 0.11 NR < 0.001 NR NR < 0.001 0.50 0.03

Hyrich et al[18]

ETA 1413 56 (12) 22 15 (9) NR 4.5 (1.7) 46 27 50 6.7 (1.0) 2.1 (0.5)
IFX 1810 55 (12) 23 14 (9) NR 4.2 (1.7) 93 85 50 6.7 (1.0) 2.1 (0.5)

Value P NA NS NS NS NR NS < 0.05 < 0.05 NS NS NS
  7 Kristensen et al[19]

ETA 309 55.1 (13.0) 18 14.7 
(10.1)

NR 4.2 (2.05) NR 31 NR 5.9 (1.06) 1.6 (0.64)

IFX 640 56.2 (14.0) 25 12.7 
(10.0)

NR 3.6 (1.98) NR 73 NR 5.6 (1.20) 1.4 (0.62)

Value P NA NR 0.021 < 0.001 NR < 0.001 NR < 0.001 NR < 0.001 0.002
  8 Bernal Rivera et al[20]

ETA total 49 45.3 (5.3) 37 9.9 (2.0) NR 3.2 (0.26) NR 65 43 6.3 (0.4) NR
ETA + MTX 32 NR NR NR NR NR NR NR NR 6.2 (0.4) NR

ETA monotherapy 10 NR NR NR NR NR NR NR NR 5.7 (0.9) NR
ADA total 50 51.5 (3.7) 42 12.4 (1.9) NR 3.1 (0.4) NR 42 52 6.7 (0.3) NR

ADA + MTX 21 NR NR NR NR NR NR NR NR 6.7 (0.5) NR
ADA monotherapy 15 NR NR NR NR NR NR NR NR 6.5 (0.7) NR

Value P NA NS NS NS NR NS NS NS NS NS NR
  9 Fernández-Nebro et 

al[21]

IFX 60 54 (11.6) 12 9.6 (7.9) NR 3.8 (1.5) NR 83 65 6.2 (1.3) 1.78 (0.56)
ETA 79 54 (12.4) 24 9.9 (7.9) NR 3.6 ± 1.3 NR 52 67 5.9 (1.4) 1.71 (0.65)
ADA 22 54 (10.4) 18 9.5 (8.3) NR 3.8 ± 1.5 NR 50 48 6.2 (0.9) 1.74 (0.71)

Value P NA NS NS NS NR NS NR < 0.05 NS NS NS
  10 Radstake et al[23]

IFX 35 57 (10) 14 NR NR NR NR 100 NR 5.6 (1.2) NR
ADA 34 56 (10) 21 NR NR NR NR 41 NR 5.7 (1.0) NR

Value P NA NS NS NR NR NR NR NS NR NS NR
  11 Kievit et al[22]

ADA 267 55.1 (12.6) 30 7.7 
(2.7-13.6)

NR 3.0 (2-4) NR NR NR 5.3 (1.3) 1.3 (0.7)

ETA 289 54.6 (14.2) 31.1 6 (2.1-13.4) NR 3.0 (2-4.75) NR NR NR 5.5 (1.2) 1.4 (0.7)
IFX 151 57.8 (13.4) 29.8 7.7 

(2.7-14.1)
NR 3.0 (2-5) NR NR NR 5.2 (1.3) 1.4 (0.7)

Value P NA 0.05 0.939 0.356 NR 0.385 NR NR NR 0.059 0.176
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  12 Bazzani et al[24]

IFX 498 NR NR NR NR NR NR NR NR 6.01 1.5 
ETA 229 NR NR NR NR NR NR NR NR 6.05 1.23
ADA 283 NR NR NR NR NR NR NR NR 5.76 1.2

Value P NA NS NR NS NR NS NR NR NR < 0.05 < 0.05
  13 Greenwood et al[47]

IFX 74 55 28 14 NR NR NR NR NR 6.86 NR
ETA 108 57 28 14 NR NR NR NR NR 6.59 NR
ADA 27 55 30 12 NR NR NR NR NR 6.44 NR

Value P NA NS NS NS NR NR NR NR NR NS NR
  14 Laas et al[25]

ETA 58 50 (14) 26 16 (1-47) NR NR NR 53 NR NR 1.22 (0.68)
ADA 39 55 (11) 24  17 (1-37) NR NR NR 54 NR NR 1.14 (0.72)

Value P NA NS NS NS NR NR NR NS NR NR NR
  15 Arenere Mendoza et al[26]

IFX 38 53.4 (14.0) 23.7 9.3 (8.0) NR NR NR NR NR 5.60 (1.10) 1.6 (0.7)
ETA 44 50.5 (15.0) 15.9 11.9 (9.5) NR NR NR NR NR 5.54 (1.27) 1.2 (0.7)
ADA 37 52.3 (12.8) 16.2 8.1 (6.2) NR NR NR NR NR 5.60 (0.88) 1.1 (0.5)

Value P NA 0.695 0.606 0.121 NR NR NR NR NR 0.836 0.051
  16 Buch et al[46]

RTX 101 NR NR NR 1.93 
(0.77)

NR NR NR NR 6.30 (1.84) NR

Anti-TNF 101 NR NR NR 1.17 
(0.38)

NR NR NR NR 6.29 (1.07) NR

Value P NA NR NR NR NS NR NR NR NR NS NR
  17 Canhão et al[27]

IFX 206 54.1 (11.9) 15.1 11.2 (9.4) NR NR 95.1 NR 73.8 5.9 (1.1) 1.53 (0.62)
ETA 250 52.4 (12.1) 9.2 10.4 (8.6) NR NR 82.4 NR 74.4 5.8 (1.2) 1.55 (0.57)
ADA 161 50.9 (12.0) 11.8 9.5 (7.6) NR NR 86.3 NR 62.1 5.5 (1.1) 1.3 (0.6)

Value P NA 0.04 0.16 0.21 NR NR 0.0001 NR 0.02 0.02 0.008
Value p IFX vs ETA NA NS NS NS NR NR NS NR NS NS NS
Value p IFX vs ADA NA 0.01 NS NS NR NR NS NR NS 0.007 0.01
Value p ETA vs ADA NA NS NS NS NR NR NS NR NS NS 0.003

  18 Hetland et al[28] NR
ADA 544 56 (15-85) 25 9 (0–51) NR 3.0 (0-8) NR 70 40 5.3 (3.3–8.3) NR
ETA 425 58 (19-89) 28 8 (0-47) NR 3.0 (0-8) NR 61 43 5.4 (3.3–8.4) NR
IFX 908 57 (17-85) 27 9 (0-68) NR 3.0 (0-9) NR 87 50 5.4 (3.3–8.3) NR

Value p NA 0.30 0.58 0.24 NR 0.0044 NR < 0.0001 < 0.0001 0.035 NR
  19 Blom et al[29]

Terceiro anti-TNF 64 53.3 (12.9) 28 8.9 (9.2) 100 4.0 (2.0) NR 53 38 5.1 (1.30) 1.51 (0.64)
RTX 90 56.6 (12.2) 27 10.9 (13.7) 100 4.0 (2.3) NR 49 44 5.32 (1.25) 1.52 (0.78)

Value P NA NS NS NS NS NS NR NS NS NS NS
  20 Chatzidionysiou et al[30]

RTX 505 55.2 (12.9) 18.9 13.2 (10.1) 1.0 (0.8) 2.8 (1.8) NR NR 56.6 5.7 (1.3) 1.7 (0.7)
RTX + MTX 1195 51.9 (13.1) 18.7 11.7 (8.8) 0.9 (0.8) 2.6 (1.5) NR NR 59.9 5.9 (1.3) 1.6 (0.7)
RTX + LEF 177 52.3 (12.1) 16.9 11.4 (7.9) 0.6 (0.8) 2.5 (1.4) NR NR 53.2 5.9 (1.2) 1.6 (0.7)

Value p RTX vs RTX + 
MTX

NA < 0.0001 NS 0.003 0.01 0.003 NR NR NS 0.02 NS

Value p RTX vs RTX + 
LEF

NA 0.001 NS 0.04 < 0.0001 0.05 NR NR NS NS NS

Value p RTX + MTX vs 
RTX + LEF

NA NS NS NS 0.001 NS NR NR NS NS NS

  21 Gotenberg et al[45]

RTX 1732 NR NR NR 78.8  3.1 (1.4) NR NR NR 5.6 (1.2) NR
ABAT 508 NR NR NR 89.3 2.8 (1.4) NR NR NR 5.3 (1.3) NR

Value P NA NR NR NR NR NR NR NR NR NR NR
  22 Iannone et al[32]

ADA 324 54.5 (12) 17.7 11.5 (8.8) NR 97 25 NR 29 5.37 (1.5) 1.28 (0.5)
ETA 311 53.5 (14) 13.8 10.7 (8.6) NR 99 31 NR 44 5.71 (1.5) 1.6 (0.7)
IFX 218 51.9 (13) 21.1 9.9 (7.7) NR 96 44 NR 30 5.6 (1.4) 1.5 (0.6)

Value p NA 0.06 NR 0.17 NR 0.19 0.01 NR 0.06 0.04 0.03
  23 Leffers et al[33]

ABAT 104 54 (23-82) 22 8 (1–38) 97 3.0 (0-8) NR NR 45 5.3 (2.6-7.5) NR
TOCI 97 56 (20-81) 26 7 (1–45) 98 3.0 (1-8) NR NR 38 5.4 (1.6-7.8) NR

Value p NA NS NS NS NS NS NR NR NS NS NR
24 Martínez-Pérez et al[44]

IFX 23 NR 28.6 NR 4.8 NR NR NR NR NR 1.996 (0.764)
RTX 19 NR NR 100 NR NR NR NR NR 1.680 (0.763)

Value P NA NR NA NR NR NR NR NR NR NR NR
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Figure 2  Patient characteristics of included articles. ADA: Adalimumab; ETA: Etanercept; IFX: Infliximab; RTX: Rituximab; ABAT: Abatacept; TOCI: Tocililizumab; 
MTX: Methotrexate; sDMARD: Synthetic  disease-modifying antirheumatic drugs; NR: Not reported; NS: Not significant; NA: Not applicable.

  25 Wakabayashi et al[34]

ETA 16 57.0 (14.1) 25 10.8 (9.5) 100 NR NR NR 100 5.4 (1.3) NR
TOCI 23 54.6 (14.6) 13 6.8 (6.4) 100 NR NR NR 95.6 4.9 (1.7) NR

Value P NA 0.5389 0.4151 0.2377 NS NR NR NR 1,000 0.3246 NR
  26 Finckh et al[36]

Anti-TNF 163 56 (44-64) 19 11 (0.5) 100 NR 74 NR 48 4.2 (0.08) 1.13 (0.04)
RTX 155 58 (47-66) 25 12 (0.8) 100 NR 79 NR 56 4.7 (0.14) 1.27 (0.07)

Value P 0.15 0.18 0.13 NS NR 0.30 NR 0.16 0.003 0.07
  27 Gomez-Reino et al[35] > 2 

DMARD
RTX 575 55.3 (12.8) 18 NR 100 92.7 NR NR NR 5.5 (1.20) NR

anti-TNF 513 54.5 (13.5) 19.5 NR 100 86.6 NR NR NR 5.0 (1.30) NR
Value P NA 0.364 0.400 NR NS 0.0028 NR NR NR < 0.0001 NR

  28 Greenberg et al[37]

ADA 460 55 (12) 22 8.9 (9.5) NR 0.7 (1.0) NR NR 35 4.49 (1.6) 0.5 (0.5)
ETA 480 54 (13) 24 8.8 (9.2) NR 0.7 (1.0) NR NR 33 4.48 (1.4) 0.5 (0.5)
IFX 535 61 (13) 28 9.6 (9.9) NR 0.7 (1.0) NR NR 33 4.53 (1.4) 0.4 (0.5)

Value P NA < 0.001 0.06 < 0.001 NR 0.73 NR NR 0.80 0.91 0.11
  29 Kekow et al[38]

RTX 90 57 (27-79) 26.7 7.3 (0.9- 
30.6)

100 80 83.3 NR NR 5.6 (0.1) 1.8 (0.1)

anti-TNF 106 58 (21-83) 18.9 8.4 
(0.2-38.3)

100 86.7 82.1 NR NR 5.4 (0.1) 1.6 (0.2)

Value P NA NR NR NR NR NR NR NR NR NR NR
  30 Schabert et al[39]

ETA 218 55.1 (11.6) 15.6 18.52 
(10.88)

NR NR NR 62.8 61 NR 1.20 (0.73)

IFX 93 60.2 (12.8) 16.1 19.66 
(11.36)

NR NR NR 66.7 50.5 NR 1.24 (0.72)

ADA 40 56.6 (13.0) 30 19.16 
(10.9)

NR NR NR 62.5 52.5 NR 0.92 (0.76)

Value p IFX vs ETA NA < 0.001 NS NS NR NR NR NS NS NR NS
Value p IFX vs ADA NA NS < 0.05 NS NR NR NR NS NS NR < 0.05
Value p ETA vs ADA NA NS < 0.05 NS NR NR NR NS NS NR < 0.05

  31 Chatzidionysiou et al[40]

Anti-TNF (ADA ou 
IFX)

161 55.8 (13.8) 21.1 6 (3-15) 100 NR 68.9 NR 45.3 4.87 (1.27) 1.14 (0.65)

ETA 98 52.7 (14.4) 12.2 7 (2-15) 100 NR 71.4 NR 54.1 4.86 (1.21) 1.14 (0.62)
RTX 69 60.3 (14.0) 15.9 9 (3-16) 100 NR 59.4 NR 58.0 5.30 (1.29) 1.43 (0.57)

Value P NA < 0. 05 NS NS NS NR NS NR NS NS < 0. 05
  32 Keystone et al[43]

ABAT 24 NR NR NR 11 (45.8) NR NR NR NR NR NR
RTX 37 NR NR NR 9 (33.3) NR NR NR NR NR NR

Value P NA NR NR NR NR NR NR NR NR NR NR
  33 Emery et al[41]

RTX 405 56.5 (12.6) 23 9.1 (7.7) NR 2.2 (1.1) NR NR 293 (72.3) 5.2 (1.2) 1.5 (0.8)
Anti-TNF 323  54.7 

(13.3)
20  7.8 (6.8) NR  2.3 (1.3) NR NR  229 (70.9) 4.8 (1.3)  1.3 (0.8)

Value p NA 0.0611 0.2376 0.1044 NR 0.3853 NR NR 0.6666 <0.0001 0.0945
  34 Flouri et al[42]

IFX 560 58 (17) 26 8.5 (12.7) 7.0 2.0 (1) 93 NR 59 5.4 (1.5) 1.0 (0.9)
ADA 435 59 (18) 19 7.8 (12.8) 29.7 2.0 (1) 88 NR 55 5.6 (1.6) 1.0 (0.9)
ETA 302  57 (19) 20 7.4 (10.6) 33.4 2.0 (1) 87 NR 53 5.7 (1.6) 1.0 (0.9)

Value P NA 0.995 0.995 0.354 < 0.001 0.229 0.017 NR 0.259 0.331 0.634
Value p IFX vs ETA NA NS NS NS < 0.05 NS < 0.05 NR NS NS NS
Value p IFX vs ADA NA NS < 0.05 NS < 0.05 NS < 0.05 NR NS NS NS
Value p ETA vs ADA NA NS NS NS NS NS NS NR NS NS NS

  35 Harrold et al[31]

ABAT 431 57.6 (12.4) 17.6 13.3 
(10.0)

NR NR NR 55.2 39.4 NR 0.7 (0.5)

Anti-TNF 746  57.2 
(11.7)

20.9  12.1 (9.8) NR NR NR 55.5 33.0 NR 0.6 (0.5)

Value P NA 0.578 0.196 0.045 NR NR NR 0.951 0.027 NR 0.047
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Anti-TNF naïve patients: Nine studies assessed anti-
TNF-naïve individuals only, from which seven were 
included in the meta-analysis that assessed the outcomes 
of EULAR, remission according to DAS28 and CDAI, and 
ACR20, 50, 70 (Table 5). 

The good EULAR response for the participants who 
used etanercept were the same as those of the partici-
pants who used infliximab (P = 0.17). However, that 
meta-analysis exhibited high heterogeneity. Following 
exclusion of the study by Kristensen et al[19] (2006), the 
heterogeneity was low, and the results became favorable 
to etanercept (P = 0.0006). No difference was detected 
between adalimumab and etanercept (P = 0.05). The 
participants who used adalimumab exhibited greater 
good EULAR response compared to the participants who 
used infliximab (P =0.0002). The results relative to the 
moderate EULAR response outcome were similar in the 
comparisons of etanercept vs infliximab, adalimumab vs 
etanercept, and adalimumab vs infliximab (P > 0.05). 
With regard to the EULAR no response, the results were 
favorable to infliximab compared to etanercept (P = 

0.004) or adalimumab (P < 0.00001) and to etanercept 
compared to adalimumab (P = 0.004).

The participants who used etanercept exhibited 
greater remission according to DAS28 compared to 
the participants who used infliximab (P = 0.01). No 
differences were detected between adalimumab and 
infliximab (P = 0.12) or etanercept (P = 0.79). 

With regard to the ACR20 outcome, the results of 
etanercept vs adalimumab or infliximab were not differ-
ent (P > 0.05). No differences were detected for the 
outcomes of ACR50 and 70 and the remission according 
to CDAI between etanercept and infliximab, etanercept 
and adalimumab, and infliximab and adalimumab (P 
> 0.05). Only the study by Greenberg et al[37] (2012) 
compared the ACR20 outcome between adalimumab 
and infliximab (P > 0.05). The study by Geborek et al[12] 
(2002), which was not included in the meta-analysis 
because it reported graphical data without numerical 
values; showed that the ACR 20 response was better 
with etanercept compared to infliximab (P < 0.05), while 
no differences were detected relative to ACR50 and 70.
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  N study Ref. Selection Comparability Results Total

Representati-
veness of the 

cases

Selection 
of 

controls

Ascertain-
ment of 
exposure

Demonstration 
that outcome 
of interest was 
not present at 
start of study 

Comparability 
of cohorts on 

the basis of the 
design or analysis 

Assessment 
of outcome

Was follow-
up long 

enough for 
outcomes 
to occur

Adequacy 
of follow 

up of 
cohorts 

  1 Geborek et al[12] 1 1 1 1 2 0 1 (12 mo) 1 8
  2 Van Vollenhoven et al[13] 0 1 1 1 2 0 1 (24 mo) 0 6
  3 Cohen et al[14] 1 1 1 1 1 0 1 (3 mo) 0 6
  4 Finckh et al[15] 1 1 1 0 1 1 1 (12 mo) 1 7
  5 Heiberg et al[16] 1 1 1 1 2 0 1 (6 mo) 1 8
  6 Hyrich et al[17,18] 1 1 1 1 2 0 1 (6 mo) 1 8
  7 Kristensen et al[19] 1 1 1 0 2 0 1 (36 mo) 0 6
  8 Bernal Rivera et al[20] 1 1 1 0 2 0 1 (12 mo ) 1 7
  9 Fernández-Nebro et al[21] 1 1 1 1 2 0 1 (6 mo) 1 8
  10 Radstake et al[23] 0 1 1 1 2 0 1 (6 mo) 0 6
  11 Kievit et al[22] 1 1 1 1 2 0 1 (6 mo) 0 7
  12 Bazzani et al[24] 1 1 1 0 2 1 1 (6 mo) 1 8
  13 Greenwood et al[47] 0 1 1 1 2 0 1 (12 mo) 0 6
  14 Laas et al[25] 1 1 1 1 2 1 1 (3 mo) 1 9
  15 Arenere Mendoza et al[26] 1 1 1 1 2 0 1 (12 mo) 0 7
  16 Buch et al[46] 1 1 1 0 2 0 1 (6 mo) 0 6
  17 Canhão et al[27] 1 1 1 0 2 0 1 (12 mo) 1 7
  18 Hetland et al[28] 1 1 1 1 2 0 1 (12 mo) 1 8
  19 Blom et al[29] 1 1 1 1 2 1 1 (12 mo) 1 9
  20 Chatzidionysiou et al[30] 1 1 1 1 2 0 1 (12 mo) 0 7
  21 Gotenberg et al[45] 1 1 1 1 2 0 1 (6 mo) 1 8
  22 Iannone et al[32] 1 1 1 0 2 0 1 (48 mo) 0 6
  23 Leffers et al[33] 1 1 1 1 2 0 1 (12 mo) 0 7
  24 Martínez-Pérez et al[44] 0 1 0 1 2 0 1 (12 mo) 0 5
  25 Wakabayashi et al[34] 0 1 1 1 2 1 1 (12 mo) 1 8
  26 Finckh et al[36] 1 1 1 1 1 1 1 (24 mo) 1 8
  27 Gomez-Reino et al[35] 1 1 1 0 2 1 1 (12 mo) 1 8
  28 Greenberg et al[37] 1 1 1 1 2 0 1 (24 mo) 1 8
  29 Kekow et al[38] 1 1 1 1 2 0 1 (6 mo) 1 8
  30 Schabert et al[39] 1 1 1 1 1 1 1 (12 mo) 1 8
  31 Chatzidionysiou et al[40] 1 1 1 0 2 0 1 (6 mo) 0 6
  32 Keystone et al[43] 0 1 1 0 2 0 1 (12 mo) 0 5
  33 Emery et al[41] 1 1 1 0 2 0 1(12 mo) 0 6
  34 Flouri et al[42] 1 1 1 1 2 0 1 (12 mo) 1 8
  35 Harrold et al[31] 1 1 1 0 2 0 1 (12 mo) 0 6

Table 3  Quality assessment of articles for Newcastle Ottawa scale
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The study by Kievit et al[22] (2008) assessed the HAQ 
reduction outcome and found that the results were better 
with adalimumab compared to infliximab (P < 0.05). 
Kievit et al[22] (2008) and Laas et al[25] (2009) did not 
detect a difference between adalimumab and etanercept 
(P = 0.16).

Patients with anti-TNF therapeutic failure: Eleven 
studies assessed anti- TNF therapeutic failure only, from 
which nine were included in the meta-analyses that 
assessed the outcomes of EULAR response and DAS28 
reduction (Table 6).

The participants who used rituximab exhibited greater 
DAS28 reduction compared to those who used anti-TNF 
agents (P = 0.0002); however, the EULAR responses did 
not differ between these groups (P > 0.05). In addition, 
all of the corresponding meta-analyses exhibited high 
statistical heterogeneity. The study by Blom et al[29] 
(2011), which was not included in the meta-analysis 

because it did not report the DAS28 absolute scores, 
also detected lower scores for the participants who used 
rituximab compared to those who used anti-TNF (P = 
0.004). Among four studies that assessed HAQ, only the 
Finckh et al[36] study (2012) found that the participants 
who used rituximab exhibited greater score reductions 
compared to those who used anti-TNF, which did not 
represent a clinically significant improvement (e.g., a 
reduction of 0.22 points in the HAQ score). 

The participants who used etanercept achieved 
greater good EULAR response compared to those 
who did not use that drug (P = 0.007); that difference 
resulted from one study that compared etanercept vs 
rituximab[37]. With regard to the DAS28 score reduction, 
no differences were reported between the groups (P = 
0.71).

The abstracts of studies that assessed reduction of 
the CDAI score indicated the superiority of abatacept 
over rituximab (12.4 vs +1.7) and anti-TNF agents (7.6 
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Infliximab      Etanercept                      Risk ratio                            Risk ratio

Events  Total  Events   Total  Weight   M-H, Random, 95%CI          M-H, Random, 95%CIStudy or subgroup

Fernandez nebro 2007 - 21

Hyrich 2006 - 18

Kievit 2006 - 22

Subtotal (95%CI)

Total events

Heteropeneity: Tau2 = 0.22; χ 2 = 8.50; df = 2 (P  = 0.01); I 2 = 76%

Test for overall effect: Z  = 1.14 (P  = 0.26)

1.9.2 12 mo

Arenere 2010 - 26

Canhao 2010 - 27

Flouri 2014 - 42

Hetkand 2010 - 28

Subtotal (95%CI)

Total events

Heterogeneity: Tau2 = 0.00, df = 3 (P  = 0.47); I 2 = 0%

Test for overall effect: Z  = 3.19 (P  = 0.001)

1.9.3 36 mo

Bazzani 2009 - 24

Kristensen 2006 - 19

Subtotal (95%CI)

Total events

Heterogeneity: Tau2 = 0.16, χ 2 = 12.40, df = 1 (P  = 0.0004); I 2 = 92%

Test for overall effect: Z  = 0.20 (P  = 0.84)

1.9.4 48 mo

Iannone 2011 - 32

Subtotal (95%CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z  = 3.07 (P  = 0.002)

Total (95%CI)

Total events                             1237               892

Heterogeneity: Tau2 = 0.05, χ 2 = 37.88, df  = 9 (P  < 0.0001); I 2 = 76%

Test for overall effect: Z  = 1.75 (P  = 0.08)

Test for subgroup difference: χ 2 = 2.66, df  = 3 (P  = 0.45), I 2 = 0%
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Figure 3  EULAR good response - Etanercept vs Infliximab.



vs 8.3); those results could not be assessed in the meta-
analysis due to the lack of data[28,41]. Harrold et al[31] (2014) 
also assessed ACR20 and 50 outcomes and did not 
detect any differences between the groups treated with 
abatacept or anti-TNF agents [0.87 (0.59; 1.29) and 0.86 
(0.58; 1.27), respectively].

Patients who used bDMARD in monotherapy or 
in combination with methotrexate: Four studies 
assessed individuals treated with bDMARD monotherapy 
or in combination with methotrexate, and three were 
included in the meta-analysis that assessed EULAR 
response, DAS28 and HAQ outcomes (Table 7). 

Regarding the good EULAR response, combination 
with methotrexate was better than bDMARD mono-
therapy (P = 0.03) (Figure 6). No difference was found 
relative to DAS28 between bDMARD monotherapy and 
combination with methotrexate (P = 0.07). However, 
this meta-analysis exhibited high heterogeneity. Follow-
ing exclusion of the study by Chatzidionysiou et al[30] 
(2012)[30], no heterogeneity was detected, and the results 

became favorable to the combination with methotrexate 
(P < 0.00001). The study by van Vollenhoven et al[13] 
(2003), which was not included in the meta-analysis 
because it reported graphical data without numerical 
values, reported a difference in DAS28 favorable to 
combination with methotrexate compared to bDMARD 
monotherapy (P < 0.05). The study by Heiberg et al[16] 
(2006), which was not included in the meta-analysis due 
to the lack of studies that assessed the DAS28 reduction 
outcome, reported a difference favorable to bDMARD 
in combination with methotrexate (P < 0.05). With 
regard to the HAQ score outcome, the best results were 
exhibited by bDMARD in combination with methotrexate 
(P = 0.009). 

DISCUSSION
Patients who used adalimumab and etanercept 
presented similar results among them and better 
outcomes compared to patients under infliximab therapy. 
The analysis of subgroup of anti-TNF naïve participants 
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  Intervention Outcomes Studies (references) Partici-pants Relative risk (95%CI) 
or other mesure

I 2 (%) P  value

  IFX vs ETA EULAR good response 10 (18,19,21,22,24, 26,27, 28, 32,42) 7247 0.86 [0.72-1.02] 76 < 0.0001
EULAR moderate response 9 (18,19,21,22,24, 26, 28, 32,42) 6791 0.98 [0.84-1.15] 78 < 0.0001

EULAR no response 9 (18,19,21,22,24, 26, 28, 32,42) 6791 1.20 [1.05-1.38] 46    0.06
DAS 28 remission 7 (21,26,27,28,32,37,42) 2868 0.70 [0.59-0.84]   0    0.51

DAS 28 2 (21,26)   196      0.40 [-0.27- 1.07] 59    0.12
DAS 28 reduction 2 (15,22) 1321 0.40 [0.04-0.77] 77    0.04
CDAI remission 4 (27,28,37,42) 2293 0.90 [0.74-1.09]   0    0.89
SDAI remission 2 (27,42)   840 0.87 [0.61-1.26]   0  0.9

HAQ 3 (21,26,39)   495 0.14 [0.00-0.27]   0    0.51
ACR 20 2 (19,37) 1309 0.95 [0.86-1.06]   0    0.47
ACR50 3 (19,28,37) 2315 0.92 [0.81-1.03] 10    0.33
ACR70 3 (19,28,37) 2315 0.88 [0.57-1.36] 79      0.009

  ADA vs ETA EULAR good response 8 (20,22,24,26,27,28,32,42) 2492 0.97 [0.79-1.20] 73       0.0005
EULAR moderate response 7 (20,22,24,26,28,32,42) 2080 1.00 [0.89-1.12]   0   0.48

EULAR no response 7 (20,22,24,26,28,32,42) 2080 0.90 [0.62-1.32] 76       0.0003
DAS 28 remission 6 (26,27,28,32,37,42) 2412 0.93 [0.68-1.26] 80       0.0001

DAS 28 2 (20,26)   180      -0.09 [-0.25-0.06]   0   0.73
DAS 28 reduction 2 (15,22) 1392       0.17 [-0.19-0.52] 68   0.08
CDAI remission 4 (27,28,37,42) 1883 1.16 [0.77-1.74] 70   0.02
SDAI remission 2 (27,42) 641 1.40 [0.76-2.59] 55   0.13

HAQ 2 (26,39) 339      -0.15 [-0.39-0.10] 49 0.16
HAQ reduction 2 (22,25) 653      -0.07 [-0.16-0.03]   0   0.92

ACR 20 2 (20,37) 445 0.89 [0.71-1.12]   0   0.68
ACR 50 3 (20,28,37) 1217 1.09 [0.91-1.31] 18 0.3
ACR 70 3 (20,28,37) 1436 1.15 [0.92-1.43]   0   0.82

  IFX vs ADA EULAR good response 8 (22,23,24,26,27,28,32,42) 3025 1.25 [1.06-1.47] 57   0.02
EULAR moderate response 7 (22,23,24,26,28,32,42) 2657 0.91 [0.79-1.04] 31   0.19

EULAR no response 7 (22,23,24,26,28,32,42) 2657 0.77 [0.56-1.05] 75       0.0006
DAS 28 remission 6 (26,27,28,32,37,42) 2760 1.15 [0.91-1.46] 63   0.02
DAS 28 reduction 2 (15,22) 1097      -0.24 [-0.96-0.48] 91     0.001
CDAI remission 4 (27,28,37,42) 2332 1.30 [0.90-1.88] 68   0.02
SDAI remission 2 (27,42) 765 1.66 [0.94-2.93] 61   0.11

HAQ 2 (26,39) 182      -0.33 [-0.53-0.13] 0   0.92
ACR 50 2 (28,37) 1458 1.14 [0.71-1.84] 79   0.03
ACR 70 2 (28,37) 1458 1.41 [0.81-2.44] 72   0.06

Table 4  Meta-analysis of the outcomes for patients with treatment-naïve and therapeutic failure

A value of I2 > 40% indicates statistical heterogeneity between the studies. A value of P < 0.10 from the chi-square test indicates statistical heterogeneity between the 
studies. CI: Confidence interval; ADA: Adalimumab; ETA: Etanercept; IFX: Infliximab;  EULAR: European League Against Rheumatism; DAS 28: Disease activity 
score; SDAI: Simplified disease activity index; CDAI: Clinical disease activity; HAQ: Health Assessment Questionnaire; ACR: American College Rheumatology.



showed better results for adalimumab and etanercept 
compared to infliximab. The results were similar to the 
group with all patients (anti-TNF naïve and/or therapeutic 
failure), probably because most of the participants under 
treatment were anti-TNF naïve. The use of bDMARD in 
combination with methotrexate exhibited greater results 
than bDMARD monotherapy. Rituximab, etanercept and 
abatacept proved to be effective therapeutic options 
following therapeutic failure with anti-TNF agents. 
However, most of the studies on therapeutic failure 
assessed rituximab; thus, more studies comparing other 
drugs are needed to contribute to the choice of third-line 
agents in actual clinical practice.

Systematic reviews that performed indirect com-
parison meta-analyses of randomized clinical trials that 
assessed the efficacy of the anti-TNFs adalimumab, 
etanercept and infliximab reported similar results[48-50]. 
One meta-analysis found that the efficacy of etan-
ercept was lower compared to that of infliximab and 
adalimumab; however, the patients selection for the 

study was different: the study divided patients by those 
on etanercept (methotrexate-naïve individuals) and other 
drugs (patients resistant to methotrexate), which makes 
the comparison of the results between the medicines 
difficult[51]. The difference of these studies relative to 
ours might be most likely due to the characteristics 
of the participants and the low dose of infliximab (3 
mg/kg). Some studies reported that patients using 
infliximab required dose escalation more often compared 
to those who used etanercept and adalimumab[52,53]. 
Dose escalation might increase the cost of treatment 
with infliximab[52] and might thus result in moderate 
effectiveness[54]. In addition, Pascual-Salcedo et al[55] 
observed that the production of anti-infliximab antibodies 
is associated with loss of clinical response[55]. 

The superiority of the combination of bDMARD and 
sDMARD compared to bDMARD monotherapy was also 
reported in other recent meta-analyses[51,56]. In particular, 
the same pattern was reported for etanercept in 
combination with methotrexate in a randomized clinical 
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Adalimumab    Etanercept                       Risk ratio                               Risk ratio
Events   Total   Events  Total  Weight   M-H, Random, 95%CI            M-H, Random, 95%CIStudy or subgroup

Kievit 2006 - 22

Subtotal (95%CI)

Total events

Heteropeneity: Not applicable

Test for overall effect: Z  = 1.14 (P  = 0.25)

2.10.2 12 mo

Arenere 2010 - 26

Canhao 2010 - 27

Flouri 2014 - 42

Hetland 2010 - 28

Rivera 2006 - 20

Subtotal (95%CI)

Total events                                      357

Heteropeneity: Tau2 = 0.00; χ 2 = 2.91, df  = 4 (P  = 0.57); I 2 = 0%

Test for overall effect: Z  = 1.89 (P  = 0.06)

2.10.3 36 mo

Bazzani 2009 - 24

Subtotal (95%CI)

Total events

Heteropeneity: Not applicable

Test for overall effect: Z  = 0.08 (P  = 0.93)

2.10.4 48 mo

Iannone 2011 - 32

Total (95%CI)

Total events

Heteropeneity: Not applicable

Test for overall effect: Z  = 4.27 (P  < 0.0001)

Total (95%CI)

Total events

Heteropeneity: Tau2 = 0.05; χ 2 = 26.03, df  = 7 (P  = 0.0005); I 2 = 73%

Test for overall effect: Z  = 0.25 (P  = 0.80)

Test for subgroup differences: χ 2 = 23.00, df  = 3 (P  < 0.0001), I 2 = 87.0%
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Figure 4  EULAR good response - Etanercept vs Adalimumab.



trial[57,58]. The fact that infliximab should be administered 
in combination with methotrexate is well established[59]. 

Despite the publication of recent studies on the 
subject, the definition of the best strategy for patients 
who exhibit therapeutic failure to at least one anti-TNF 
agent still poses a challenge[60]. Some studies assessed 
subgroups in an attempt to identify profiles of patients 
who will benefit from treatment with rituximab. Thus, 
whereas testing positive for rheumatoid factor did not 
induce significant changes in the results[61], rituximab 
proved to be more effective in individuals who tested 
positive for rheumatoid factor and for anti-cyclic 
citrullinated peptide antibody[39]. 

One of the limitations of systematic reviews with 
meta-analysis of cohort studies concerns selection 
bias, which is intrinsic to the design of such studies, 
as the participants are not randomized but might be 
allocated to a given treatment based on their patient 
and physician preferences. A consequence of that 
limitation was the difference noted among the groups at 
the onset of treatment that, as a whole, manifested as 
poorer prognosis in the participants from the rituximab 
group relative to the numbers of anti-TNF and sDMARD 
previously used, older age, and greater DAS28 and HAQ 
scores at baseline[22,36,41].

One further limitation is related to the fact that 
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  Intervention Outcomes Studies (references) n RR (95%CI)
or other mesure

I 2 (%) P  value

  IFX vs ETA EULAR good response 5 (19, 21, 22, 27, 28) 2822 0.82 [0.62-1.09] 82       0.0001
EULAR moderate response 4 (19, 21, 22, 28) 2366 0.90 [0.61-1.33] 90 < 0.00001

EULAR no response 4 (19, 21, 22, 28) 2366 1.29 [1.09-1.53] 27   0.25
DAS 28 remission 4 (21, 27, 28, 37) 1804 0.82 [0.70-0.95]   0 0.4

ACR 20 2 (19, 37) 1309 0.95 [0.86-1.06]   0   0.47
ACR50 3 (19, 28, 37) 2315 0.92 [0.81-1.03] 10   0.33
ACR70 3 (19, 28, 37) 2315 0.88 [0.57-1.36] 79     0.009

CDAI remission 3 (27, 28, 37) 1876 0.88 [0.72-1.08]   0   0.93
  ADA vs ETA EULAR good response 4 (20, 22, 27, 28) 1590 1.11 [1.00-1.23]   0 0.4

EULAR moderate response 3 (20, 22, 28) 1178 1.01 [0.83-1.24] 19   0.29
EULAR no response 3 (20, 22, 28) 1178 0.69 [0.53-0.89] 11   0.32

DAS 28 remission 3 (27, 28, 37) 1380 1.03 [0.82-1.29] 37   0.21
ACR 20 2 (20, 37) 445 0.89 [0.71-1.12]   0   0.68
ACR 50 3 (20, 28, 37) 1217 1.09 [0.91-1.31] 18 0.3
ACR 70 3 (20, 28, 37) 1436 1.15 [0.92-1.43]   0   0.82

HAQ reduction 2 (22, 25)   653           -0.07 [-0.16-0.03]   0   0.92
CDAI remission 3 (27, 28, 37) 1601 1.02 [0.67-1.56] 72   0.03

  IFX vs ADA EULAR good response 3 (22, 27, 28) 1706 1.42 [1.18-1.72] 42   0.18
EULAR moderate response 2 (22, 28) 1338 0.96 [0.58-1.59] 80   0.03

EULAR no response 2 (22, 28) 1338 0.56 [0.45-0.69]   0   0.88
DAS 28 remission 3 (27, 28) 1648 1.23 [0.95-1.59] 48   0.15

ACR 50 2 (28, 37) 1458 1.14 [0.71-1.84] 79   0.03
ACR 70 2 (28, 37) 1458 1.41 [0.81-2.44] 72   0.06

CDAI remission 3 (27, 28, 37) 1875 1.17 [0.75-1.82] 75   0.02

Table 5  Meta-analysis of the outcomes for anti-tumor necrosis factor naïve patients

  Intervention Outcomes Studies (references) n Relative risk (95%CI)
or other mesure

I 2 (%) P  value

  RTX vs anti-TNF EULAR good response 4 (35, 38, 40, 46) 1608 0.96 [0.60-1.54] 74   0.009
EULAR moderate response 5 (29, 35, 38, 40, 46) 1706 1.02 [0.79-1.32] 66 0.02

EULAR no response 3 (35, 38, 40) 1406 1.00 [0.53-1.89] 85   0.001
DAS 28 reduction 6  (35, 36, 38, 40, 41, 46) 1584            0.42 [-0.65--0.20] 62 0.02

  ETA vs control EULAR good response 2 (14, 40) 173 2.11 [1.23-3.62]   0 0.48
IFX 38 1.60 [0.63-4.09]
RTX 135 2.42 [1.25-4.68]

DAS 28 reduction 2 (34, 40) 152               0.15 [-0.65-0.95] 77 0.04
RTX 113           -0.22 [-0.64-0.20]
TOCI 39               0.60 [-0.05-1.25]

Table 6  Meta-analysis of the outcomes for patients with anti-tumor necrosis factor therapeutic failure

A value of I2 > 40% indicates statistical heterogeneity between the studies. A value of P < 0.10 from the chi-square test indicates statistical heterogeneity 
between the studies. CI: Confidence interval; ADA: Adalimumab; ETA: Etanercept; IFX: Infliximab; EULAR: European League Against Rheumatism; DAS 
28: Disease activity score; CDAI: Clinical disease activity; HAQ: Health assessment questionnaire; ACR: American College Rheumatology.

A value of I2 > 40% indicates statistical heterogeneity between the studies. A value of P < 0.10 from the chi-square test indicates statistical heterogeneity 
between the studies. CI: Confidence interval; RTX: Rituximab; ETA: Etanercept; IFX: Infliximab;  TOCI: Tocilizumab; EULAR: European League Against 
Rheumatism; DAS 28: Disease activity score.
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observational studies are conducted under real-life 
non-controlled conditions. For that reason, differences 
were detected in the number of participants among the 
groups, in the disease activity, and in the lack of dose 
standardization, especially in the case of infliximab. 
Moreover, observational studies have the advantage of 
recruiting large numbers of participants. These types of 

studies more accurately represent real-life conditions and 
are able to provide complementary data to the results of 
randomized clinical studies. Some studies reported that 
the participants in randomized controlled clinical trials 
exhibited greater disease activity and fewer associated 
comorbidities compared to those patients treated in 
the actual practice setting. The practice of prescribing 
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  Intervention Outcomes Studies 
(references)

Participants Relative risk (95%CI) or other 
mesure

I 2 (%) P  value

  bDMARD 
  monotherapy vs   
  bDMARD + MTX

EULAR good response 3 (16,17, 30) 3000 0.57 [0.34-0.95] 82     0.0008
DAS 28 3 (17, 20, 30) 2913                     0.25 [-0.02-0.52] 69 0.01
HAQ 2 (165, 30)   655 0.13 [0.03-0.22]   0 0.43

Table 7  Meta-analysis of the outcomes for patients in treatment with biological monotherapy vs  biological in combination with 
methotrexate

A value of I2 > 40% indicates statistical heterogeneity between the studies. A value of P < 0.10 from the χ 2 test indicates statistical heterogeneity between 
the studies. CI: Confidence interval; bDMARD: Biological disease-modifying antirheumatic drugs; MTX: Methotrexate;  EULAR: European League Against 
Rheumatism; DAS 28: Disease activity score; HAQ: Health Assessment Questionnaire.
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Adalimumab     Infliximab                       Risk ratio                               Risk ratio

Events   Total   Events  Total  Weight   M-H, Random, 95%CI            M-H, Random, 95%CIStudy or subgroup

KIEVIT 2006 - 22

RADSTAKE 2008 - 23

Subtotal (95%CI)

Total events

Heteropeneity: Tau2 = 0.21; χ 2 = 3.54, df  = 1 (P  = 0.06); I 2 = 72%

Test for overall effect: Z  = 1.17 (P  = 0.24）

3.8.2 12 mo

ARENE 2010 - 26

CANHAO 2010 - 27

FLOURI 2014 - 42

HETLAND 2010 - 28

Subtotal (95%CI)

Total events                                         440

Heteropeneity: Tau2 = 0.00; χ 2 = 3.49, df  = 3 (P  = 0.32); I 2 = 14%

Test for overall effect: Z  = 4.41 (P  < 0.0001）

3.8.3 36 mo

BAZZAANI 2009 - 24

Subtotal (95%CI)

Total events

Heteropeneity: Not applicable

Test for overall effect: Z  = 2.61 (P  = 0.009)

3.8.4 48 mo

IANNONE 2011 - 32

Subtotal (95%CI)

Total events

Heteropeneity: Not applicable

Test for overall effect: Z  = 1.07 (P  = 0.28)

Total (95%CI)

Total events

Heteropeneity: Tau2 = 0.03; χ 2 = 16.13, df  = 7 (P  = 0.02); I 2 = 57%

Test for overall effect: Z  = 2.59 (P  = 0.009）
Test for subgroup differences: χ 2 = 8.51, df  = 3 (P  = 0.04), I 2 = 64.8%
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Figure 5  EULAR good response - Infliximab vs Adalimumab.



has been modified over time in real-life. bDMARDs 
(specially in clinical trials) were prescribed only when 
patients presented high activity of disease and, now, the 
medicines are prescribed when the activity is moderate 
or high[62-64]. Kievit et al[65] (2007) called attention to 
the reduction of the external validity of randomized 
clinical trials[65], while another study found similar rates 
of response in both randomized clinical trials and clinical 
practice[62]. 

Nevertheless, all of the assessed therapies were 
effective to reduce the disease activity and might be 
considered as therapeutic alternatives as they are proven 
to exhibit benefits such as greater comfort, less adverse 
effects and lower cost. 

The results of the observational studies included in 
this review, which reflect the “real-life” use of bDMARD. 
The best choice for bDMARD treatment-naïve individuals 
are adalimumab or etanercept in combination with 
methotrexate. In cases of therapeutic failure with anti-
TNF agents rituximab or abatacept (non anti-TNF) or 
etanercept (as second anti-TNF) might be used; however, 
more studies of effectiveness were found for rituximab.
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Abstract
Rheumatoid arthritis (RA) is a systemic, inflammatory and 
autoimmune disorder, characterized by chronic arthritis 
with progressive joint destruction. It has a multifactorial 
aetiology involving both genetic and environmental factors. 
Epigenetics can be defined as modifications of DNA that 
result in altered gene expression. The two main epigenetic 
mechanisms are post translational modifications to 

histone tails and DNA methylation. Recent evidence 
has suggested that epigenetic mechanisms may be an 
important contributor to RA susceptibility. The aim of this 
editorial is to present evidence for the role of epigenetic 
mechanisms in the pathogenesis of RA and the potential 
to therapeutic target. Several studies targeting histone 
modification and DNA methylation in animal models of 
inflammatory arthritis will be reviewed and alterations 
in the epigenetic signature of genes of key RA related 
pathways such as pro-inflammatory cytokines, proteases 
and regulators of cellular proliferation. 

Key words: Rheumatoid arthritis; Epigenetic; DNA 
methylation; Histone modification

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This paper has highlighted the numerous 
processes involved in the pathogenesis of rheumatoid 
arthritis (RA) that are modulated by epigenetic 
mechanisms. This is important hypotheses to explore a 
novel therapeutic target in RA.

Chabchoub G. Epigenetic targets of rheumatoid arthritis. World 
J Rheumatol 2015; 5(3): 127-130  Available from: URL: http://
www.wjgnet.com/2220-3214/full/v5/i3/127.htm  DOI: http://
dx.doi.org/10.5499/wjr.v5.i3.127

INTRODUCTION
Rheumatoid arthritis (RA) is a systemic, inflammatory 
and autoimmune disorder, characterized by chronic 
arthritis with progressive joint destruction[1]. A typical 
feature is the over-production of pro-inflammatory 
cytokines including tumor necrosis factor (TNF) and 
interleukin-1 (IL-1), which lead to up-regulation of other 
pro-inflammatory molecules and proteases[2].

RA is a complex disease, and his etiology involves 
an interaction of both genetic and environmental 
factors. Genome scans have identified multiple regions 
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linked to disease[3-5]. Although interesting associations 
have been reported[6,7], only alleles at the HLA-DRB1 
locus have consistently demonstrated both linkage and 
association[8].

Treatment of RA for most patients involves the 
administration of disease-modifying antirheumatic 
drugs (DMARDs) such as methotrexate, leflunomide 
and sulphasalazine. If DMARDs treatment fails a new 
drug targets need to be identified to provide therapy 
for these patients who do not respond to either conven-
tional treatment. Epigenetic mechanisms, which have 
been implicated in RA, systemic lupus erythematosus 
and systemic sclerosis[9,10], offers both new targets 
for therapy but also may help predict the successful 
outcome of drug treatments in patients.

EPIGENETICS MECHANISMS
Epigenetics can be defined as modifications of DNA 
or associated proteins without a change in the DNA 
sequence itself that result in altered gene expression. 
The two main epigenetic mechanisms are post trans-
lational modifications to histone tails and methylation 
of DNA, which determine the chromatin state and there 
by access of transcription factors to gene promoter 
regions. In cells, DNA is packaged by being wound 
around nucleosome octomers containing two each of 
histone H2A, H2B, H3 and H4. These histone proteins 
have N-terminal tails that are susceptible to a number 
of post-translational alterations including acetylation, 
methylation, phosphorylation, sumolation, isomerisation 
of proline and ubiquitination[11,12].  

The most widely studied histone modification is 
the addition of acetyl groups to the lysine residues of 
the N-terminal tails of histones H3 and H4. Histone 
acetyltransferases add the acetyl groups to lysine 
residues within the histone tails from the donor acetyl 
coenzyme A. In turn the acetylation can be reversed by 
histone deacetylases (HDAC).

DNA methylation results from the addition of a 
methyl group to the 5-carbon position ring of cytosine. 
The methylation blocks binding of transcription factors 
and other co-activators to the DNA and recruits trans-
criptional repressors to the promoter[13]. Three active 
DNA methyltransferases (DNMT) have been identified. 
De novo methylation is performed by DNMT3A and 
DNMT3B, whereas methylation is maintained following 
cell division by DNMT1[14].

EPIGENETIC REGULATION OF IMMUNE 
CELLS AND PRO-INFLAMMATORY 
MOLECULES
Both DNA methylation and histone modifications contri-
bute to the expression of a number of T-cell associated 
cytokines, including interferon gamma (IFN-γ), IL-2 
and IL-7Rα[15-21]. At the IFN-γ promoter differential 
methylation is seen in naïve, effector and memory T-cells 

being highest in naïve cells. There is rapid loss of meth-
ylation upon re-stimulation in memory T-cells that is 
associated with these cells rapid ability to produce IFN-γ 
in response to reinfection by a virus[17]. Interestingly, 
STAT4, which is involved in the stimulation of IFN-γ 
expression, is also regulated by DNA methylation 
suggesting that if methylation levels change at both 
these promoters together there could be a multiplicative 
effect on the quantity of IFN-γ produced[18]. Protein 
kinase C activators and phosphatase inhibitors 
attenuate DNA methylation levels, possibly by altering 
the activity of DNMT1, correlating with the induction of 
IFN-γ providing one possible mechanism for changing 
methylation levels[22]. IL-7 is involved in chronic 
inflammation in RA, not only does it increase osteoclast 
formation and thereby enhances bone loss but it is 
also important in maintaining T-cell homeostasis[23]. 
Expression of the IL-7 receptor, IL-7Rα, on T-cells is 
regulated by DNA methylation with T-cells showing only 
low surface IL-7Rα having higher methylation at the 
gene promoter[21].

TNF is a major player in the pathology of RA 
confirmed by the efficacy of anti-TNF treatment in 
many patients. There is increasing evidence that 
epigenetic mechanisms play a role in regulating TNF 
expression. Phosphorylation of Serine (S)10 of histone 
H3 and demethylation of Lysine (K)7 has been observed 
at the TNF promoter in THP-1 cells, following LPS 
stimulation[24]. These changes to the histone code occur 
in conjunction with loss of heterochromatin binding 
protein 1α (HP1α) from the TNF promoter[12]. The role of 
histone acetylation in the regulation of TNF production 
remains unclear. In animal models of arthritis it appears 
that HDAC inhibitors attenuate the expression of TNF 
whereas treatment of monocyte or macrophages 
with various inhibitors including sodium butyrate, 
Chlamydocin and HC-toxin generally increased TNF 
production with sodium butyrate increasing expression 
levels by 22 fold in THP-1 cells[24].

Epigenetic regulation has been implicated in the 
modulation of both IL-1α and IL-1β. Methylation of 
the proximal promoter regulates the expression of IL-
1α and this methylation is responsible for the allele 
specific expression of this cytokine in CD4+ T cells[25,26]. 
Histone modifications appear the major epigenetic 
mechanism regulating IL-1β. Inhibiting HDAC activity 
with fibroblasts trichostatin A (TSA) caused an increase 
in LPS-induced IL-1β expression in choriodecidual 
explants[27]. Interestingly DNA methylation appears to 
have a role in regulating IL-6 gene expression[2].

IL-6 is another important pro-inflammatory cytokine 
involved in the hepatic acute phase of RA and with 
its role confirmed by the success of the IL-6 receptor 
antibody, tocilizumab, in reducing disease activity and 
bone erosions[2]. Interestingly DNA methylation appears 
to have a role in regulating IL-6 gene expression. In 
RA patients reduced DNA methylation at a single CpG 
site within the promoter (-1099) in comparison to 
healthy for controls has been identified[28]. Reduced 
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methylation at this site was associated with increased 
IL-6 mRNA production in response to LPS. In addition 
to the role of epigenetics in regulating expression of 
pro-inflammatory cytokines, these molecules once 
produced may also have a role in epigenetic regulation. 
IL-6 has been shown to modulate the expression and 
activity of DNMTs leading to increased DNA methylation 
at the tumour suppressor gene p53 and Foxp3[29,30]. 
Methylation induced by IL-6 at the p53 promoter could 
be playing a role in silencing pro-apoptotic genes in the 
rheumatoid synovium[29]. 

Numerous HDAC inhibitors have been developed 
mainly to target histone acetylation in RA models. 
Various studies using topical application of suberoy-
lanilide hydroxamic acid (SAHA), MS-275 and FK228 
established their potential to decrease serum IL-6, IL-
1β and TNF levels suggesting an important role for 
HDAC in regulating production of pro-inflammatory 
cytokines[31,32].

EPIGENETIC MECHANISMS AND 
REGULATION OF THE HOMEOSTASIS IN 
THE SYNOVIAL JOINT
Increasing evidence suggests that histone tail modi-
fications have an important role in regulating synovial 
hyperplasia in the RA joint. HDAC inhibitors have 
been tested in several models of RA in both rats and 
mice. These studies demonstrated the efficacy of 
TSA, phenylbutyrate FK228, SAHA and MS275 in 
ameliorating joint swelling and inflammation associated 
with inflammatory arthritis[31-34]. Treatment of RA 
synovial fibroblasts (RASF) with phenylbutyrate, TSA 
and FK228 causes histone hyperacetylation at p16INK4 
and p21CIP1 promoters associated with expression of 
these two proteins which involved in the reduction 
of RASF numbers[35]. Interestingly, treatment with 
TSA and phenyl butyrate established the potential of 
HDAC inhibitors to reduce paw swelling in an adjuvant 
arthritis model in rats. It was reported that treatment 
had to start early for the inhibitors to prevent pannus 
formation and associated joint damage. In addition, TSA 
was found to have a greater ability to suppress synovial 
hyperplasia than phenylbutyrate[31].

Methylation of DNA may also play a role in regulating 
cartilage integrity. Demethylation of specific loci within 
the MMP-3, MMP-9, MMP-13 and ADAMTS-4 promoters 
is present in cartilage from patients with osteoarthritis 
compared to controls which, is seen in conjunction with 
other expression of these enzymes in osteoarthritis 
cartilage[36]. Osteogenic protein-1 (OP-1) is a potent 
anabolic growth factor for articular chondrocytes, an 
aging-related increase in OP-1 promoter methylation 
that leads to decreased expression may contribute to 
cartilage loss seen with aging and in particular with 
the progression of osteoarthritis in older adults[37]. In 
addition, when comparing DNA methylation patterns in 
chondrocytes and mesenchymal stem cells undergoing 

chrondrogenesis, loss of methylation at two CpG sites 
within the promoter of type X collagen is associated with 
the production of this collagen in the latter cell type[38]. 
These findings demonstrate the importance of DNA 
methylation in regulating the homeostasis cartilage.

CONCLUSION
This editorial has highlighted the numerous pro-
cesses involved in the pathogenesis of RA that are 
modulated by epigenetic mechanisms. Key aspects 
of the production of pro-inflammatory molecules, 
inappropriate immune cell responses, and abnormalities 
in the synovium and cartilage degradation have all been 
shown to be modulated be histone modifications and 
DNA methylation. However, the complete picture of how 
epigenetic mechanisms modulate cellular differentiation 
and response to activation remains unclear. The success 
of HDAC inhibitors in ameliorating the symptoms of 
inflammatory arthritis in animal models is an exciting 
new development for the treatment of RA. Further 
development in HDAC inhibitors especially as more 
complete clinical trials, will lead to further knowledge 
generation on their mechanisms, targets and ability to 
treat RA.
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prognosis, the outlook has changed in recent years. We 
review recent insights into the pathogenesis, clinical 
features, assessment and management of scleroderma.

Key words: Pulmonary hypertension; Scleroderma; 
Interstitial lung disease; Raynauds phenomenon; Fibrosis
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Core tip: Scleroderma is a rare disease associated with 
significant morbidity and mortality. Better understanding 
regarding its pathogenesis has led to exploration of 
various newer therapeutic targets. Anti B cell therapy, 
endothelin receptor antagonists, phosphodiesterase-5 
(PDE-5) inhibitors and autologous stem cell transplant 
holds promise in the management of systemic sclerosis. 
PDE-5 inhibitors in particular have potential to be disease 
modifying agents as they not only improve Raynaud’s 
phenomenon, but also heal digital ulcers, improve pulmonary 
hypertension and in addition by virtue of antifibrotic 
properties may have beneficial effect on skin and lung 
fibrosis.

Misra DP, Chowdhury AC, Phatak S, Agarwal V. Scleroderma: 
Not an orphan disease any more. World J Rheumatol 2015; 5(3): 
131-141  Available from: URL: http://www.wjgnet.com/2220-3214/
full/v5/i3/131.htm  DOI: http://dx.doi.org/10.5499/wjr.v5.i3.131

INTRODUCTION
Scleroderma, also known as systemic sclerosis (SSc), is 
a disease characterized by fibrosis in skin and internal 
organs, most notably lungs, gastrointestinal tract (GIT), 
heart, kidneys and muscles. Until a couple of decades 
back, this rare disorder was associated with a poor 
clinical outcome, with mortality of up to 70% at 3 years, 
mostly from respiratory or renal involvement. Advances 
in understanding of pathogenesis, evolving criteria 
for early diagnosis and newer therapeutic modalities 
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Abstract
Scleroderma (or systemic sclerosis) is a rare disease 
associated with significant morbidity and mortality. 
Although previously thought to have a uniformly poor 
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provide a new ray of hope in this disease. Herein, we 
have reviewed recent advances in this field. 

PATHOLOGY AND PATHOGENESIS
Scleroderma is characterized by excessive collagen 
deposition in skin, lungs, esophagus, intestines, heart 
(muscle and conduction system) and in and around 
small blood vessels (obliterative intimal proliferation 
and fibrosis with bland vasculopathy)[1]. Biopsies of skin 
show atrophy of the epidermis with increased collagen 
deposition in the epidermis and dermis. Affected dermal 
capillaries show obliterative intimal proliferation and 
fibrosis with bland vasculopathy. Biopsies from lungs 
of affected individuals show increased alveolar septal 
thickening with infiltrates of lymphocytes, eosinophils, 
macrophages and mast cells in the interstitium[1].

Two factors work in tandem - an inflammatory 
component with activation of innate and adaptive 
immunity and autoantibody production, with an 
additional component of endothelial dysfunction. The 
inciting event in pathogenesis is not known[2]. A genetic 
component is considered likely in view of increased 
risk of developing SSc (13-19 fold) in siblings and 
first degree relatives of individuals with SSc. However, 
lack of significant concordance in monozygotic 
twins suggests that environmental influences play a 
significant role in predisposing to SSc[2]. Candidate 
gene studies identified polymorphisms involved in T 
cell signaling (STAT4, TNFSF4, TBX21, NLRP1) and 
B cell signaling (FAM167A-BLK, BANK and IRAK1) 
as risk factors for SSc[2]. Genome wide association 
studies (GWAS) further confirmed associations with 
HLA DPB1, DPB2, IRF5 and STAT4, whilst identifying 
newer genes (CD247 - a co-receptor in B cell signaling; 
PRORS1C1 - previously identified in psoriasis GWAS 
studies; rhoB)[2]. Immunochip studies further implicated 
genes involved in DNA degradation (DNASE1L3), RNA 
degradation (TREX-DDX6) and autophagy (ATG5)[2]. 
In view of the significant environmental influence on 
SSc susceptibility, epigenetic modification is proposed 
to play a major role in SSc pathogenesis[2]. Global DNA 
hypomethylation in T lymphocytes and fibroblasts 
and increased FOXP3 methylationhave been shown 
in SSc[2]. Decreased histone3 lysine 27 methylation 
has been demonstrated[2]. Use of histone deacetylase 
inhibitor trichostatin resulted in decreased fibrosis in 
fibroblast cultures by decreasing COL1A1 synthesis, 
restoring expression of negative regulator of fibrosis 
FLI1 and inhibiting TGF-β signaling through blockade 
of Smad3 and 4[2]. Recently, downregulation of miRNA 
30b has been demonstrated in sera of patients with SSc, 
inversely correlating with skin scores measured using 
the modified Rodnan skin score (mRSS), possibly acting 
via modulation of PDGF receptor β[2]. Increased miRNA 
21 (with consequent upregulation of fibrosis related 
genes COL1A1, COL1A2 and FN1) and decreased 
antifibrotic miRNAs (miR29a, miR 150, miR 196a, let7a) 
have been found in patients with SSc[3-8]. The circulating 

profile of free microRNAs in sera of patients with SSc 
has been found to differ from the sera derived form 
both healthy controls as well as patients with systemic 
lupus erythematosus[9]. Gene profiling in skin biopsies 
from patients with scleroderma confirmed increased 
expression of genes in the TGF-β and Wnt pathways, 
as well those involved in extracellular matrix synthesis 
and CCN family of proteins (encoding connective tissue 
growth factor - CTGF). These were expressed to a lesser 
extent in fibroblasts derived from these skin biopsy 
specimens, suggesting involvement of other cell types 
as well[10]. Hyaluronan levels have been found to be 
elevated in sera of patients with SSc compared with 
healthy controls, and these correlated with levels of anti-
topoisomerase-I antibodies. This may possibly be of 
relevance considering that hyaluron acts a ligand for TLR 
2 and TLR 4, thereby driving Type Ⅰ nterferon production 
and autoantibody production in scleroderma[11]. 

Environmental factors like exposure to organic 
solvents, silica, rapeseed oil and l-tryptophan have 
been implicated in causing skin thickening akin to 
scleroderma[1]. Drugs such as bleomycin and penta-
zocine also cause a similar phenotype. Gadolinium 
administration in patients with renal dysfunction causes 
the rare complication of nephrogenic fibrosing sclerosis. 
Role of viruses (cytomegalovirus, parvovirus B19) has 
also been postulated[1]. 

The inciting event in pathogenesis is endothelial 
injury, mediated by as yet poorly-characterized 
environmental influences. This leads on to a leaky 
endothelium with fluid extravasation (corresponding 
to the edematous phase of early scleroderma)[1]. Anti-
endothelial cell antibodies have been identified in almost 
50% patients with scleroderma, and may drive the 
endothelial injury. Enhanced release of vasoconstrictors 
like endothelin 1 and impaired release of prostacyclins 
causes the endothelial dysfunction, resulting in an 
exaggerated vasospastic response to cold manifesting as 
Raynaud’s phenomenon (RP)[12]. There occurs apoptosis 
of endothelial cells and pericytes, with increased 
expression of integrins. Chemokines like CCL2 attract 
inflammatory cells (innate cells like macrophages, 
secreting type Ⅰ interferons, and adaptive immune cells 
- T and B lymphocytes). Nucleic acid from damaged 
cells is taken up by macrophages and other antigen 
presenting cells, and presented to T cells by means 
of B cells, causing their activation to a Th2 phenotype 
(secreting interleukin-4, -5, -13) and Th17 cells[1,12]. 
Simultaneously, B cells also differentiate to form plasma 
cells, and further form autoantibodies. Autoantibodies to 
centromeric proteins (specifically centromeric protein B 
- CENB), topoisomerase Ⅰ and RNA polymerase Ⅲ are 
identified in almost two-thirds of patients with SSc, and 
are mutually exclusive[1]. The reparative process induced 
by this tissue damage is dysregulated, and involves 
excessive fibroblast activation. These fibroblasts may be 
derived from endothelial or epithelial cells (epithelial or 
endothelial to mesenchymal transformation), resident 
tissue fibroblasts or circulating pericytes. Th2 cytokines 
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(IL-4, IL-13), chemokines like CCL2, excessive platelet 
derived growth factor (PDGF) receptor, stimulating 
agonist antibodies to PDGF receptor, increased thro-
mbin, endothelin 1 and TGF-β levels in the milieu 
ultimately lead to increased signaling via the TGF-β 
receptor[1,12]. Oxidative stress resulting from release 
of reactive oxygen species further drives augmented 
profibrotic signaling via Ras and ERK1/2, via a self-
reinforcing loop. These culminate in increased collagen 
and alpha-smooth muscle actin (α-SMA) synthesis as 
well as production of connective tissue growth factor 
(CTGF and surface receptors for PDGF and TGF-β[1,12]. 
Hypoxia resulting from vasculopathy drives excessive 
production of angiogenic factors (PDGF, CTGF, VEGF) 
and the resulting neoangiogenesis is disordered[1,12].

Animal models of SSc help further our understanding 
of these pathogenic processes in vitro[13]. The four 
key components of SSc pathology are vasculopathy, 
fibrosis, inflammation and autoimmunity, and these are 
captured in different animal models. Induced models 
involve immunization of mice with bleomycin and topoi-
somerase Ⅰ (lack vasculopathy), angiotensin Ⅱ (lack 
autoimmunity), collagen V and models of graft-vs-
host disease involving immunization of RAG knockout 
mice with splenocytes from B10.D2 mice (encompass 
all features of SSc)[13]. Spontaneous models include 
the Tsk 1 mice (spontaneous mutation in fibrillin 1) 
and Tsk 2 mice (which have all the features except 
vasculopathy), constitutively active TGF-β receptor Ⅰ and 
Ⅱ (all features except autoimmunity) and UCD 200/206 
model in chicken (encompassing all features of human 
scleroderma)[13]. 

CLASSIFICATION CRITERIA
In 1980, the American College of Rheumatology (ACR) 
had proposed the preliminary classification criterion for 
diagnosis of SSc (Table 1)[14].

Either 1 major or 2 or more of the minor criterion 
had to be fulfilled for a patient to be classified as 
SSc. This criterion had 98% specificity but it lacks 
sensitivity as it was developed using patients who had 
long standing SSc. Later on with the advent of nailfold 
capillaroscopy and scleroderma specific antibodies it 
was found that this criterion is unable to detect a subset 
of patients with early disease and those who lacks 
skin changes. In 1988, LeRoy et al[15] proposed new 
criteria that included clinical features, autoantibodies, 
and capillaroscopy results, highlighting the differences 

between the 2 main SSc subsets. In 2001 revision of 
the classification criteria was proposed by LeRoy and 
Medsger[16] for the early diagnosis of SSc using nailfold 
capillary pattern and SSc-related autoantibodies. 
However neither the 1980 ACR criterion nor the LeRoy 
criterion was sensitive enough to diagnose very early/
early phase of SSc. Internal organ involvement may 
be present from the earliest stages of SSc even before 
skin involvement- this necessitates that the diagnosis of 
SSc be made in the very early or at least early phase so 
that therapeutic options may be considered early[17,18]. 
In 2008-2009 experts from 85 EUSTAR (EULAR 
Scleroderma Trial And Research) centers participated 
in a Delphi exercise to develop criterion for the Very 
Early Diagnosis Of Systemic Sclerosis (VEDOSS)[19]. 
Three domains containing seven items were identified 
as follows: skin domain (puffy fingers/puffy swollen 
digits turning into sclerodactyly); vascular domain (RP, 
abnormal capillaroscopy with scleroderma pattern) 
and laboratory domain (antinuclear, anticentromere, 
and antitopoisomerase-I antibodies). In 2013 following 
consideration of the definition of early SSc, the ACR and 
European League Against Rheumatism (EULAR) jointly 
proposed a new criteria for the diagnosis of SSc (Table 
2)[20]. 

The criterion was tested in a validation cohort 
-sensitivity and specificity were 0.91 and 0.92 for 
the new classification criteria and 0.75 and 0.72 for 
the 1980 ACR classification criteria. The 2013 ACR 
criterion was tested in another cohort of 724 patients 
by the Canadian Scleroderma Research Group (CSRG) 
-sensitivity was consistent in subgroups of patients with 
lcSSc (98.8% vs 85.6%), anti-centromere antibodies 
(98.9% vs 79.8%), disease duration ≤ 3 years (98.7% 
vs 84.7%) or no skin involvement proximal to the 
metacarpophalangeal joints (97% vs 60%)[21]. The 
recent ACR classification criteria enable earlier diagnosis 
of patients, when the disease course may be potentially 
more amenable to modification with therapy.

AUTOANTIBODIES
Anti-Topoisomerase Ⅰ/Scl-70 antibody (ATA), anti-
centromere antibody (ACA) and anti-RNA polymerase 
Ⅲ (anti-RNAP Ⅲ) are the three major autoantibodies 
in SSc, mutually exclusive and present in about 70% 
patients with SSc. Each of these are associated with 
distinct clinical phenotype[22]. ATA are associated with 
diffuse cutaneous involvement (although 30% patients 
can have limited cutaneous disease) and increased risk 
of interstitial lung disease (ILD) and mortality[22]. Anti-
RNAP Ⅲ antibodies are also associated with diffuse skin 
involvement and higher risk of scleroderma renal crisis 
(SRC), but lesser risk of ILD[22]. ACA are associated 
with limited skin involvement, oesophageal dysmotility, 
calcinosis and pulmonary hypertension[22]. The presence 
of ACA in a patient with primary Raynaud’s predicts 
future development of limited cutaneous SSc (LCSSc). 
Lesser prevalent antibodies include antibodies to Th/To 
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Major criterion Minor criterion

Scleroderma like skin change 
proximal to MCP or MTP joints

Sclerodactyly
Digital pitting scars of fingertips or 

loss of distal finger pad
Bibasilar Pulmonary fibrosis

Table 1  American College of Rheumatology 1980 criteria 
for systemic sclerosis

Misra DP et al . Scleroderma: Not an orphan disease any more



three color changes (incomplete Raynaud’s)[26]. RP is a 
major cause of morbidity in patients with SSc. Raynaud’s can 
be primary, usually affecting young females, with negative 
autoantibodies and younger age of onset, or secondary, 
when it occurs in conjunction with connective tissue 
diseases like scleroderma or mixed connective tissue 
diseases[26]. Secondary Raynaud’s is usually associated 
with antinuclear antibody positivity, nailfold capillary 
changes of dilated capillary loops (in the early phase) 
and capillary dropouts (in the later stages) and is often 
severe enough to cause digital ulcerations, digital pulp 
loss, resorption of distal portion of phalanges and digital 
gangrene. It is a manifestation of endothelial dysfunction 
in SSc[26]. Patients with lcSSc usually have onset of RP 
a few years prior to onset of skin tightening, whereas 
those with dcSSc have onset either concurrent with or 
just preceding skin tightening[26]. Abnormal angiogenesis 
is clinically manifest as telangiectasias in the skin, and 
stomach (gastric antral vascular ectasias or watermelon 
stomach; can result in severe upper gastrointestinal 
bleeding)[1].

The most common cause of morbidity and long 
term mortality in SSc is pulmonary involvement. 
Usually, this is in the form of pulmonary fibrosis, in a 
non-specific interstitial pneumonia pattern, affecting 
up to two-thirds of patients with dcSSc and a third 
of lcSSC patients[12]. Clinically, patients present with 
insidious onset of exertional dyspnea, fatigue and dry 
cough. A good screening test is reduction in forced vital 
capacity (FVC) below 70%, which further mandates 
a high resolution computerized tomogram (HRCT) 
of the thorax to document the extent of pulmonary 
involvement. Early changes include ground-glass 
appearance of the lung fields, followed progressively by 
fibrosis, traction bronchiectasis and honeycombing[27-30]. 
Pulmonary hypertension (PH) can result consequent 
to hypoxia resulting from ILD or it can occur de novo, 
more commonly in long-standing lcSSc (up to a fourth 
of patients at 10 years)[27-30]. Recently emerging 

(limited skin involvement with severe ILD, SRC and 
poorer survival), anti-fibrillarin antibodies (severe 
Raynaud’s and pulmonary hypertension) and anti-U11/
U12 RNP antibodies (severe ILD)[22].

CLINICAL FEATURES
Skin tightening in SSc characteristically is proximal 
to the metacarpophalangeal or metatarsophalangeal 
joints. Rarely, SSc can occur without skin tightening (only 
having Raynaud’s, digital ulcers, ILD or gastrointestinal 
manifestations in conjunction with autoantibodies), 
when it is called as SSc sine scleroderma[23]. When it 
is limited to areas distal to the elbow, knees or only 
involves the face and neck, the disease is characterized 
as limited cutaneous systemic sclerosis (lcSSc). 
More distal involvement of the extremities or skin 
tightening over the chest and trunk is defined as diffuse 
cutaneous systemic sclerosis (dcSSc). It is important 
to know these subsets due to characteristic differences 
in presentation and prognosis, as subsequently 
discussed[24]. Skin tightening is quantified clinically using 
the mRSS, wherein 17 areas are assessed (bilateral 
arms, forearms, hands, fingers, thighs, legs and feet; 
face, chest and abdomen anteriorly) and graded 
between 0 to 3 (0 if skin is normal and 3 if there is 
hide-bound skin)[24]. A greater mRSS portends a worse 
prognosis[25]. Skin tightening tends to resolve with time, 
and patients with advanced disease may have atrophic 
skin with lack of subcutaneous fat.Hence patients with 
dcSSc, when seen late at a time when most of the skin 
tightening has resolved, may be mistakenly classified as 
lcSSc[24].

The most characteristic feature of SSc is RP, which 
is defined as an exaggerated vasospastic response of 
the extremities to cold exposure[26]. It typically involves 
the fingers and toes, which during a classical attack of 
Raynaud’s progress through phases of pallor, cyanosis 
and reactive erythema (triphasic or complete Raynaud’s). 
More commonly, the patient describes any two of these 
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Item Sub-item(s) Weight/score

Skin thickening of the fingers of both hands extending proximal to 
the metacarpophalangeal joints (sufficient criterion) 

- 9

Skin thickening of the fingers (only count the higher score) Puffy Fingers 2
Sclerodactyly of the fingers (distal to the 4 metacarpophalangeal 

joints but proximal to the proximal interphalangeal joints) 
4

Fingertip lesions (only count the higher score) Digital tip ulcers 2
Fingertip pitting scars 3

Telangiectasia 
Abnormal nail fold capillaries 

2
2

Pulmonary arterial hypertension and/or interstitial lung disease 
(maximum score is 2) 

Pulmonary arterial hypertension
Interstitial lung disease

2

Raynaud’s phenomenon  3
SSc-related autoantibodies [anticentromere, anti-
topoisomerase Ⅰ (anti-Scl-70), anti-RNA polymerase Ⅲ] 
(maximum score is 3) 

Anticentromere 3
Anti-topoisomerase Ⅰ

Anti-RNA polymerase Ⅲ 

Table 2  American College of Rheumatology/European League Against Rheumatism criteria for diagnosis of systemic sclerosis (2013) 
(Reproduced with permission)
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biomarkers of ILD include lysyl oxidase, tenascin-C, 
thrombospondin 5, CXCL-5 in serum, and CXCL2, 
CXCL4, S100A8/9 in bronchoalveolar lavage. Positivity 
for ATA or anti-Th/To antibodies has been linked to 
development of ILD in SSc[27-30].

As described above, pulmonary hypertension can 
occur de novo (usually in lcSSc) or consequent to ILD. 
Pulmonary function testing may show a dispropor-
tionate reduction in TLCO (diffusion capacity for 
carbon monoxide) compared to FVC, and a ratio of 
percentage predicted FVC to percentage predicted 
TLCO of greater than 1.6 has been proposed as a 
screening tool for further evaluation regarding PH[31]. 
Transthoracic Doppler echocardiography shows elevated 
right sided pressures, with a right ventricular systolic 
pressure (RVSP) of greater than 40 mmHg proposed to 
diagnose pulmonary hypertension[31]. Notably, resting 
pressures may be normal and right sided pressures 
may only be elevated during exercise, when the 
patient becomes short of breath. An elevation of RVSP 
should be confirmed with a right heart catheterization 
to document pulmonary arterial pressures, as well as 
to assess responsiveness of right sided pressures to 
calcium channel blockers[31]. Apart from PH, SSc can 
affect the heart due to fibrosis involving the conduction 
system (manifesting as conduction blocks, paroxysmal 
atrial tachycardia or rarely ventricular arrhythmias), 
myocardium (diastolic dysfunction, myocarditis) or 
pericardium[31]. Usually pericardial effusions are mild; 
moderate to severe symptomatic effusions portend 
a grave prognosis with increased mortality at 1 year. 
Cardiac involvement accounts for a third of deaths 
associated with SSc[31].

SSc involves much of the gastrointestinal system 
from the mouth to the anal canal. Luminal effects of 
the disease process are usually more common and 
symptomatic than effects on the hepatobiliary system 
and pancreas. The gastrointestinal manifestations add 
considerably to disease related morbidity[32]. About half 
the patients affected are symptomatic, while a vast 
majority has asymptomatic disease[32].

The clinical features and principles of management 
revolve upon the pathogenesis and site of disease. 
Like the skin, the GI tract also faces dysfunction 
of the small blood vessels producing ischemia and 
fibroblast proliferation producing collagen deposition. 
However, as a general rule throughout the lumen, 
smooth muscle dysfunction is the mechanism more 
relevant to production of symptoms[32]. Smooth muscle 
pathology in SSc goes through “stages”: An early stage 
of neural dysfunction which produces smooth muscle 
“paresis” and dysmotility. The reason of the neural 
dysfunction is under debate but has been postulated 
to be an autoimmune process[33]. In this stage, the 
smooth muscle itself is not weak and therefore may 
be amenable to prokinetic medications. The later stage 
constitutes one of smooth muscle atrophy, which does 
not respond much to drugs. The absorptive surface - 
the villi- are usually unaffected[33].

Involvement of the esophagus is usually the most 
clinically evident GI manifestation. The lower esophagus 
is more affected than the upper[34]. Symptoms of 
acid reflux are common when the lower esophageal 
sphincter is incompetent as a result of smooth muscle 
dysfunction. On the other hand, dysphagia may be 
seen in patients with diffuse esophageal spasm. In a 
patient with prominent regurgitation, disappearance 
of heartburn and a new onset dysphagia may herald 
a stricture forming in the area chronically exposed to 
acid[34]. Lower esophageal manometry is a sensitive 
investigation and has a role in diagnostic dilemmas[34]. 
Management involves Proton pump inhibitors in reflux 
disease; calcium channel blockers are best avoided. 
Strictures are usually amenable to endoscopic dilatation. 
An unusual manifestation in the esophagus is “esoph-
ageal Raynaud’s” which refers to cold- induced vessel 
vasospasm producing pain[34].

Gastric involvement is rarely symptomatic. Patients 
may have ectasia of the vessels (GAVE) which can 
cause blood loss and anemia. The patient may present 
with functional worsening of respiratory status. Small 
intestinal disease is mainly because of abnormal 
electrical activity in the smooth muscles. Patients 
present with abdominal pain which occurs due to stasis 
and intestinal dilatation due to ineffective peristalsis[35]. 
A smaller number of patients present with symptoms 
suggestive of malabsorption- steatorrhea, diarrhea and 
weight loss. This is seen mainly in patients with bacterial 
overgrowth in dilated segments, possibly due to bacterial 
interference in micelle formation[36]. While radiography 
with luminal contrast demonstrates dilated intestinal 
loops, a positive glucose H2 breath test in a patient with 
chronic diarrhea suffices to make a diagnosis of SIBO[37]. 
Treatment entails rotational antibiotics- commonly 
used regimens include trimethoprim/sulfomethoxazole, 
ciprofloxacin and amoxicillin-clavulanate. Liver disease is 
relatively rare and represents an overlap phenomenon; 
usually with primary biliary cirrhosis. However, the 
prognosis is better than PBC and rarely progresses to 
end-stage liver disease[38]. Often, simple modes of treat-
ment provide considerable symptomatic relief such as 
facial exercise in tight mouth and dietary modifications 
in amount and timings of meals[38].

Renal involvement is life threatening in SSc, and 
goes by the eponym of SRC. Typically, SRC occurs on a 
background of diffuse cutaneous disease[39,40]. Presence 
of antibodies to RNA Polymerase Ⅲ or treatment with 
steroids (greater than 15 mg prednisolone equivalent 
daily) increases the risk of developing SRC. The 
pathogenesis involves endothelial injury in the renal 
microvasculature, resulting in platelet aggregation 
and thrombotic microangiopathy with concomitant 
obliterative vasculopathy[39,40]. Reduction in renal blood 
flow causes hyperreninemic hyperaldosteronism, 
resulting in hypertension, creatinine elevation and acute 
kidney injury. A rise of blood pressure greater than 
20% above the baseline should ring the warning bells in 
patients with SSc, although in up to 20%, SRC can be 
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normotensive[39,40]. Urinalysis shows proteinuria with or 
without hematuria and casts. Peripheral smear shows 
thrombocytopenia with fragmented red cells resulting 
from microangiopathy. A few decades back, SRC was 
associated with a mortality of greater than 80% at 1 
year and a high proportion of dialysis dependence[39,40]. 
The advent of angiotensin converting enzyme (ACE) 
inhibitors has revolutionized the therapy of SRC, with 
greater than 80% survival at 3 years. ACE inhibitors 
should be started immediately when SRC is suspected, 
and supportive care provided with maintenance of 
electrolyte balance and renal replacement therapy if 
needed[39,40]. An initial rise in serum creatinine may 
occur on starting ACE inhibitors in such patients; 
however this should not dissuade further use of the 
se agents and they should rather be continued with 
caution. Often, patients with SRC appropriately treated 
with ACE inhibitors regain baseline renal function by 
6 to 18 mo[39,40]. In addition to SRC, patients with 
SSc who develop renal impairment may do so due to 
glomerulonephritis resulting from overlap with lupus, 
or pauci-immune glomerulonephritis resulting from 
overlap with ANCA vasculitis. The clinician needs to 
have a high index of suspicion to diagnose appropriately 
such overlap. Such scenarios should be suspected in 
the presence of active urinary sediments with serologic 
evidence of lupus or ANCA-associated vasculitis and 
require a renal biopsy for diagnosis[39,40]. They should 
be treated with immunosuppression as in the context of 
lupus or vasculitis[39,40]. 

Musculoskeletal involvement may be in the form of 
tendon friction rubs, which are usually felt in the long 
flexor and extensor tendons around the wrist or anterior 
compartment tendons of the leg[12]. They portend a 
grave prognosis with increased risk of subsequent SRC. 
Patients can have a symmetric inflammatory polyar-
thritis of upper and lower limbs affecting small and 
large joints, treated in the same way as inflammatory 
arthritis in the context of rheumatic diseases. There 
can be myositis, either clinically evident as neck, 
trunk and proximal weakness, or subclinical with only 
muscle enzyme (creatine phosphokinase, lactate 
dehydrogenase, aspartate aminotransferase or alanine 
aminotransferase) elevation and electromyographic/
biopsy evidence of inflammatory myositis[12]. Such 
patients with polymyositis-scleroderma overlap usually 
have antibodies to PM-Scl, and an overall better pro-
gnosis. Long standing SSc can result in muscle and joint 
contractures which are a major cause of morbidity[12].

A proportion of patients with SSc may not have 
skin tightening (systemic sclerosis sine scleroderma). 
Such patients tend to be male and have less severe 
digital ulcers and telangiectasias[23]. Almost 80% have 
oesophageal dysmotility and more than half of these 
patients have evidence of interstitial lung disease[23]. 

OUTCOME MEASURES
Health related quality of life in patients with SSc can 

be assessed using the SF-36 questionnaire and Health 
assessment questionnaire-disability index[41]. A modified 
version of the HAQ has been devised for patients with 
SSc (Scleroderma HAQ - SHAQ) and includes visual 
analog scales (VAS) for 5 domains - general health, 
Raynaud’s, digital ulcers, dyspnea and gastrointestinal 
manifestations. These are rated on a scale of 0-15 and 
normalized to the nearest whole number between 0 and 
3 to facilitate inclusion in the HAQ[41]. Other tools used 
are the Patient Reported Outcome Measures Information 
System and United Kingdom functional scale[41].

Measures of hand involvement include finger-to-
distal palmar crease distance, an easily measurable 
index reflecting severity of impairment of hand function. 
Quantitative scales like Cochin Hand Mobility Scale and 
Hand Mobility in Scleroderma Scale are generally used 
in the setting of clinical trials[42,43]. Oral involvement 
in the setting of SSc (limited mouth opening, dryness 
resulting from sicca syndrome) can be quantified 
using the Mouth Handicap in SSc scale[44]. Pulmonary 
hypertension is quantified by right heart catheterization 
to measure pulmonary arterial pressures or measuring 
RVSP on transthoracic Doppler echocardiogram. Fun-
ctional limitation due to the same can be assessed 
using the 6-min walk test and Borg dyspnea scale. 
Interstitial lung disease is measured using extent of 
involvement on HRCT thorax, VAS for dyspnea (as a 
component of SHAQ) and Mahler transitional dyspnea 
index. Severity of gastrointestinal involvement can be 
measured in day-to-day clinical practice using the VAS 
for gastrointestinal involvement as a component of the 
SHAQ, and in a clinical trial setting using the detailed 
questionnaire devised by the University College of 
Los Angeles (UCLA SCTC GIT 2.0). RP is measured 
by documenting frequency and severity of Raynaud’s 
attacks, documenting new-onset digital ulcers, VAS for 
Raynaud’s on the SHAQ and the Raynaud’s Condition 
Score (RCS)[41].

MANAGEMENT
The management of SSc shall be considered under 
the various subheadings regarding management of 
Raynaud’s, ILD, PH, skin fibrosis and gastrointestinal 
involvement.

RP AND DIGITAL ULCERS
RP and digital ulcers are the most dramatic features 
of SSc, and often the most distressing. They account 
for significant morbidity in these patients. Hence 
management of RP in SSc is an area of active research. 
Dihydropyridine calcium channel blocker nifedipine 
(10-20 mg three times a day) has been proven effi-
cacious in management of RP in a meta-analysis[45]. 
Angiotensin receptor blockade with losartan (50 mg/d) 
has also been proven in RCTs to be comparable to 
nifedipine for this indication[46]. Intravenous iloprost 
(0.5-3 ng/kg per minutecontinuous infusion for 3-5 d, 
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repeated at intervals of 6-8 wk) has shown efficacy in 
improving RP as well as preventing new digital ulcers 
inrandomized trials[47], however its use is limited by 
need for hospitalization, cost and availability. Oral dual 
endothelin receptor blockade with Bosentan (62.5-125 
mg twice daily) has failed to improve RP but has shown 
efficacy in preventing onset of digital ulcers. However, it 
delayed the healing of existing digital ulcers[48].

Our group has done pioneering work in studying the 
role of phosphodiesterase-5 (PDE-5) inhibition in RP 
associated with SSc[49]. PDE-5 is a molecule involved 
in degradation of cyclic GMP (c-GMP), and its inhibition 
results in vasodilation due to persistence of action of 
c-GMP on the smooth muscle of the vasculature[49]. 
We studied the role of oral tadalafil at a dose of 20 mg 
alternate day in refractory RP due to SSc, as add-on to 
prior therapy with nifedipine or losartan, in a cross-over 
randomized controlled trial design, and demonstrated 
efficacy in reduction of frequency and severity of 
Raynaud’s attacks and improvement of RCS[49]. Surp-
risingly, pre-existing digital ulcers healed quickly and 
it prevented development of new digital ulcers[49]. 
A meta-analysis of PDE-5 inhibition for secondary 
Raynaud’s (which included data from two trials done at 
our centre) concluded significant benefit in decreasing 
frequency and severity of Raynaud’s attacks as well as 
improvement in RCS[50]. These findings have reflected 
a change in clinical practice regarding the management 
of SSc-related RP, with the recent guidelines from the 
Scleroderma Clinical Trials Consortium (SCTC) and 
CSRG recommending PDE-5 inhibition as a second line 
therapy for this indication failing initial therapy with 
calcium channel blockade[51]. In our experience, use 
of PDE-5 inhibitors has significantly reduced morbidity 
due to RP and digital ulcers in our patients with SSc, 
especially during the winter months.

INTERSTITIAL LUNG DISEASE
SSc-associated ILD is a major cause of morbidity 
and mortality. Randomized trial evidence on this 
field is sparse. Two landmark trials published in 2006 
explored the role of cyclophosphamide in SSc-ILD. 
The Scleroderma Lung Study compared oral cyclophos-
phamide (at a dose up to 2 mg/kg) for 1 year vs 
placebo in patients with SSc-ILD with FVC less than 70% 
and HRCT evidence of fibrosis[52]. There was a small 
(2.5%) improvement in FVC on oral cyclophosphamide 
compared with a worsening on placebo therapy. In the 
subset with dcSSc, improvement in skin thickening 
was also demonstrated. Both groups did not differ 
significantly with respect to adverse events[52]. This effect 
was maintained until 18 mo and was lost by 24 mo in 
the absence of further immunosuppression, suggesting 
need for maintenance immunosuppression therapy[53]. 
Another study compared the role of intravenous 
cyclophosphamide at monthly doses of 600 mg/m2 for 6 
mo with oral prednisolone (20 mg alternate day) followed 
by azathioprine with placebo in SSc-ILD. Although the 

findings did not reach statistical significance, there was 
a definite improvement of FVC by 4% in the group 
receiving intravenous cyclophosphamide[54]. A comparison 
of oral cyclophosphamide vs mycophenolate mofetil in 
SSc-ILD is currently under study (Scleroderma Lung 
Study Ⅱ - clinicaltrials.gov identifier NCT00883129). A 
recent publication from the EUSTAR group demonstrated 
potential benefit of rituximab in preventing progression 
of lung fibrosis in SSc based on retrospective data[55].

PDE-5 inhibition, in addition to vasodilation, has also 
shown a role in improving endothelial cell dysfunction 
and favorably affecting vascular remodeling in animal 
models of pulmonary hypertension. Also effects in 
decreasing activation of TGF-β activation and amelio-
rating fibrosis in bleomycin-induced pulmonary fibrosis 
have been reported[56,57]. This led us to hypothesize 
whether PDE-5 inhibition can be a therapeutic moda-
lity in SSc-ILD. A recently-concluded double-blind, 
randomized placebo controlled trial of tadalafil 20 mg 
every alternate day vs placebo in SSc-ILD conducted 
at our centre showed significant improvement in 
patient-reported breathing scale, and a trend towards 
improvement in pulmonary function, breathing VAS and 
physician-assessed breathing scale (Abstract number 
1679, ACR Annual Conference 2014)[58]. These pro-
mising results suggest potential use of PDE-5 inhibition 
in SSc-ILD.

Pulmonary hypertension
Since most patients with SSc-related PH have poor 
response to calcium channel blockers during right heart 
catheterization, the same are not recommended for PH 
in SSc[59]. Endothelin-1 is a key molecule identified in 
the pathogenesis of vasculopathy in SSc[12]. Randomized 
controlled trials support use of non-selective endothelin 
receptor antagonist bosentan (at doses varying from 
62.5 to 250 mg twice a day)[60,61] and the selective 
endothelin receptor A antagonist sitaxentan (at doses 
from 50 to 300 mg once a day)[60,62,63] in patients in 
SSc-associated PH. Newer oral endothelin dual receptor 
antagonist (macitentan) at doses of 3 or 10 mg od was 
found effective in connective-tissue disease-related 
pulmonary hypertension[64]. PDE-5 inhibitors have been 
widely used in treatment of PH. Shorter acting PDE-5 
inhibitor sildenafil (at doses of 20, 40 or 80 mg thrice 
daily or 50 mg twice or thrice daily) has been proven 
efficacious in treatment of PH in the setting of SSc[65,66]. 
The disadvantage of short half life and hence frequent 
administration of sildenafil is overcome by using tadalafil 
(t½ 17.5 h) at a dose of 40 mg daily, which has shown 
efficacy in SSc-related PH[67]. In patients with NYHA Class 
de novo dyspnea (breathlessness at rest), intravenous 
epoprostenol therapy has been demonstrated to cause 
significant symptom relief. However its use is limited 
by need for continuous intravenous administration and 
rebound worsening on sudden withdrawal of therapy[68].

Skin fibrosis
Unfortunately, medical therapy for skin fibrosis has not 

137WJR|www.wjgnet.com November 12, 2015|Volume 5|Issue 3|

Misra DP et al . Scleroderma: Not an orphan disease any more



been effective. Studies on skin tightening in response 
to therapy have to be interpreted with caution due to 
the fact that skin tightening spontaneously resolves 
in a majority of patients with time. Studies on use 
of methotrexate have provided conflicting data[69,70]. 
However the EULAR recommendations mention metho-
trexate as a possible option for skin involvement in 
SSc[71]. Although cyclophosphamide, azathioprine, 
mycophenolate mofetil and cyclosporine have been 
reported to benefit skin tightening in SSc, isolated skin 
involvement is seldom an indication for their clinical 
use[71]. Recent studies have proposed a role for B-cell 
depletion therapy for reduction of skin involvement in 
SSc, however results from anecdotal reports and small 
case series has been conflicting[72].

Gastrointestinal involvement
Dryness of mouth is managed using sugar-free chewing 
gums, advise regarding oral hygiene, frequent brushing 
of teeth (including after meals), taking frequent sips of 
water and use of parasympathomimetics like pilocarpine 
and cevimeline. Patients with restricted mouth opening 
are advised to take small frequent, semisolid, energy-
rich meals[32]. Esophageal dysmotility is managed in 
addition by use of proton pump inhibitors to reduce 
acid secretion in the stomach and prokinetic agents like 
metoclopramide, domperidone and itopride. Intestinal 
small bowel overgrowth is managed by use of rotational 
courses of antibiotics like quinolones[32].

Recent studies have shown a beneficial role of 
hematopoietic stem cell transplant in early severe SSc 
compared to placebo. The recent Autologous Stem 
Cell Transplantation International Scleroderma trial[73] 
trial showed that although autologous hematopoietic 
stem cell transplant was associated with greater 
mortality at 1 year, longer term follow up at 5.8 years 
showed a survival benefit compared to intravenous 
cyclophosphamide. The trial investigators recommended 
use of less intense conditioning regimens in future 
studies to attempt reduction of the early mortality. 

Despite advances in understanding of pathogenesis 
and early diagnosis and interventions, outcomes have 
not changed overall in SSc in the last 40 years, with a 
still unacceptably high standardized mortality rate of 
3.5[74]. Cardiac and pulmonary diseases remain major 
causes of death[74].

CONCLUSION
With active research ongoing with respect to patho-
genesis and newer emerging therapeutic modalities, 
scleroderma is no more an orphan disease. PDE-5 inhibi-
tors and endothelin receptor antagonists are emerging 
as drugs with substantial benefit in management of 
SSc. The day does not seem far when there will be an 
efficacious disease-modifying agent for SSc.
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Abstract
Complementary and alternative medicine (CAM) use is 
increasing worldwide; specifically it appears that these 

treatment modalities are popular among rheumatology 
patients. The most commonly reported CAM therapies 
are herbal medicines, homeopathy, chiropractic, acupun-
cture and reflexology. Despite high reported rates of 
CAM use, the number of patients disclosing use to their 
rheumatologists remains low. This review highlights 
rates of current CAM use in rheumatology in studies 
performed worldwide, and discusses potential reasons 
for nondisclosure of CAM use to clinicians.

Key words: Complementary medicine; Alternative 
medicine; Rheumatology; Arthritis; Acupuncture
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Core tip: Complementary and alternative medicine is 
widely used among rheumatology patients, who often 
do not inform their consultants that they are using such 
therapies. This may reflect a fear that clinicians may not 
approve, or a lack of awareness that the information may 
be helpful in their management. Increased awareness of 
the issue, and better education of clinicians and patients 
is beneficial. 

Wong WH, Litwic AE, Dennison EM. Complementary medicine 
use in rheumatology: A review. World J Rheumatol 2015; 5(3): 
142-147  Available from: URL: http://www.wjgnet.com/2220-3214/
full/v5/i3/142.htm  DOI: http://dx.doi.org/10.5499/wjr.v5.i3.142

COMPLEMENTARY AND ALTERNATIVE 
MEDICINE
Complementary and alternative medicine (CAM) was 
defined by Ernst et al[1] as “diagnosis, treatment and/or 
prevention which complements mainstream medicine by 
contributing to a common whole, by satisfying a demand 
not met by orthodoxy or by diversifying the conceptual 
frame works of medicine” Although the terms “com
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plementary and alternative” are often used together, 
their meanings differ; according to the United States 
National Centre for Complementary and Alternative 
Medicine (NCCAM), “complementary” refers to using non
mainstream treatment alongside conventional medicine, 
to better cope with a health condition, whereas 
“alternative” means using nonmainstream treatment 
in place of conventional medicine to treat a health 
condition[2]. A “complementary therapy’’ may provide 
a patient with an experience that is pleasant in itself, 
and improves the patient’s ability to cope with a chronic 
health condition; as the term implies, these therapies 
are designed to be used alongside conventional therapy. 
By contrast, an “alternative’’ therapy is designed to be 
use in place of conventional treatment. Few studies have 
examined the mechanism of action of these treatments, 
although some researchers have postulated an effect 
on immune function, and invocation of the placebo 
effect. Many therapies discussed here can be used in 
either way; homeopathy, acupuncture, chiropractic and 
osteopathy have been used within either a “comple
mentary’’ or “alternative’’ framework.

CAM is often classified into 3 groups: (1) pro
fessionally organised alternative therapies such as 
acupuncture, chiropractic, herbal medicine, homeopathy 
and osteopathy; (2) complementary therapies, such 
as aromatherapy, massage, yoga, meditation, hypnot
herapy, Alexander technique, shiatsu, reflexology 
and counselling stress therapy; and (3) alternative 
disciplines, for example, traditional Chinese medicine, 
traditional Indian medicine (Ayurveda), anthroposophical 
medicine, naturopathy as well as crystal therapy, 
dowsing, iridology and kinesiology[3].

Documentation of CAM use in rheumatology is 
important because of potential adverse consequen
ces in some groups of rheumatology patients. For 
example, spinal manipulation applied by chiropractor 
therapists among rheumatoid arthritis (RA) patients 
with atlantoaxial instability may result in neurological 
complications[4]. In addition, herbal medications used 
in CAM may interact with prescribed rheumatology 
medications[5].

ROLE OF CAM IN RHEUMATOLOGY
There is some evidence to suggest efficacy of CAM in 
rheumatic conditions such as osteoarthritis (OA), RA and 
other types of arthritis[611]. In a recent systematic review 

that assessed the efficacy of CAM in the management 
of OA, capsaicin gel and Sadenosyl methionine were 
shown to be effective in improving pain in this group of 
patients[7]. Another study suggested that acupuncture 
and massage therapy were effective in reduction of 
OA related pain[6]. Finally, in other work administration 
of rosehip (herbal medicine) was associated with 
reductions in OA pain compared to placebo[8]. Macfarlane 
et al[9] recently undertook a study aimed to evaluate 
the evidence supporting or refuting CAM use in the 
treatment of RA and reported that borage seed oil and 
thunder god vine reduced symptoms in RA. Practising 
Iyengar yoga was shown by another group to have a 
beneficial effect on symptoms of RA[10]. Acupuncture 
has been demonstrated to be efficacious in crystal 
arthritis[11] . However, other studies have suggested that 
the evidence supporting the effectiveness of CAM in RA 
and OA is more doubtful[12]. Hence the literature around 
the efficacy of CAM in rheumatology is hotly contested, 
and studies that consider CAM use are often advertised 
widely and hence more readily available to patients. The 
efficacy of CAM in rheumatology is not the focus of this 
review, which aims rather to highlight the widespread 
use of these therapies in rheumatology patients. 

PREVALENCE AND PATTERNS OF CAM 
USE IN RHEUMATOLOGY 
The prevalence of CAM use in the general population 
is high according to studies worldwide[1315]. The pre
valence of CAM use is reported to be the lowest in 
England when compared to other European countries, 
United States, Australia and Japan[16]. The top 5 most 
commonly reported CAM therapies in the European 
Union are: herbal medicines, homeopathy, chiropractic, 
acupuncture and reflexology (Table 1)[17].

Specifically, CAM usage is popular in rheuma
tology[18]. Several studies have suggested a high 
prevalence of CAM use in North America and Australia in 
rheumatology patients[1922]. The highest prevalence of 
CAM therapy use in rheumatology patients (94%) was 
reported in a study by Kronenfeld et al[19]. The 3 most 
popular modalities reported in this study were topical 
treatments, dietary modification and supplementary 
vitamins. In another survey of 232 rheumatology 
patients in the United States, two thirds had used 
CAM[20]. Chiropractic therapy was found to be the most 
popular and most helpful treatment modality. Patients 
who had OA were more likely to use CAM regularly. In 
another OA cohort of patients who were followed for 1 
year, 44% of patients remained nonusers throughout, 
whereas 12% started CAM, 22% maintained, and 22% 
stopped use of CAM[21]. Equal numbers of patients 
started and stopped using electric stimulators and 
visiting chiropractors during the study period. Although 
patients most frequently started herbal remedies, 
dietary supplements and special diets, a similar number 
discontinued these therapies, suggesting that use of 
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Treatment Prevalence of reported use across Europe (%)

Herbal medicine      5.9-48.3
Homeopathy      2-27
Chiropractic      0.4-28.8
Acupuncture 0.44-23
Reflexology   0.4-21

Table 1  Usage of complementary and alternative medicine in 
European Countries[17]



CAM is often transitory. Another study of RA patients 
found that nutritional supplements and touch therapies 
(massage, acupuncture and acupressure) were the 
most widely used in this patient disease group, with 
mind body techniques more prevalent among younger 
patients[22]. CAM modalities were found to be used in 
conjunction with mainstream conventional treatments 
in early as well as later stages of the disease. CAM 
usage is also popular among Canadian rheumatology 
patients; in a study of 235 rheumatology patients, 60% 
of them had ever used CAM remedies and 79% of these 
patients had used CAM remedies in the previous 12 mo. 
The study also found that 47% of these patients had 
tried at least one CAM before their first rheumatology 
consultation. Results from a nationwide survey in 
Canada demonstrated that 22% adults with arthritis 
over 20 years of age had used CAM[ 23]. In this group 
chiropractic services were used most commonly (59.5%) 
followed by massage (48.5%), acupuncture (25%) and 
homeopathy (21%).

CAM is also used widely by rheumatology patients 
in the Middle East. Patients attending rheumatology 
clinics in Israel tended to use CAM more often compared 
to patients seen in primary care, internal medicine 
and other specialties[24]; this study indicated that in 
Israel, CAM was used more frequently by patients with 
fibromyalgia (58%), in contrast to studies from other 
countries, where the most common rheumatological 
diagnoses associated with CAM use were RA and 
OA[2528]. In work from Eastern Europe, a study from 
Turkey reported that 76% (n = 250) patients with any 
form of arthritis used at least one CAM[25]. Most of them 
used thermal therapy, similar to a comparable study 
from the United States[29]. 

Finally, CAM use is also common in Australasia; in 
one Australian study 82% of RA patients, used more 
than one CAM after diagnosis and more than half of 
respondents were current users[30]. The report suggested 
the most common CAMs used in Australia were dietary 
manipulation and use of copper bracelets. In contrast, 
studies in Asian countries suggest other therapies 
are commonly used. For example in India, Ayurveda 
and massage therapy were used most commonly 
(around 80%) in one survey[28]. This may be because 
the Government of India strongly supports alternative 
therapies such as Ayurveda, Homeopathy, Siddha 
and Unani medicine and CAM practices and modern 
(allopathic) medicine in India run in parallel[31]. Similar 

observations have been made in Korea, where traditional 
oriental medical treatment is performed by certified 
Korea medical doctors and there is a wide acceptance 
of acupuncture as a basic treatment[32]. By contrast, 
Japan has a lower prevalence of CAM use (approximately 
35%). In Japan, dietary supplements, particularly ginger 
extracts were the most popular type of CAM[33]. 

USERS OF CAM, PATIENTS’ REASONS 
AND OBJECTIVES FOR USING CAM 
There is a documented variation in the use of CAM 
among different sociodemographic groups. Women are 
more likely to use CAM than men[21,23,24,27,29]. There are 
also differences according to age: middle aged people 
are most likely to use complementary therapies, while 
the youngest and oldest age groups are less likely to 
have done so[23,25,27,29,34]. Ethnic background appears 
relevant in CAM usage among adults with arthritis; 
Caucasian individuals are more likely to use CAM than 
Blacks, Asians and Hispanics[21,34,35]. In recent studies, 
the use of CAM was explored according to three socio
economic indicators. Researchers reported that the use 
of CAM increases significantly with income, and higher 
education in most western countries[23,24,34]. This may 
be because medical insurance does not cover CAM, and 
hence lowincome population groups may not be able 
to afford it[24]. 

The aims of trying CAM in rheumatology patients is 
most commonly reported to be to reduce and control 
pain and stiffness[20,27,36]. Similarly a wide range of 
reasons have been suggested for discontinuation of CAM 
therapy, with the lack of effectiveness and high cost 
of therapy being most common[21]. A common source 
of information about CAM is by “word of mouth”, e.g., 
previous experiences from families, relatives, neighbours 
and friends[24,25,27].

DISCLOSURE OF CAM USE TO 
RHEUMATOLOGISTS
The reported rate of patients disclosing CAM use to 
rheumatologists ranges from 28% to over 70%[20,28,32,3640]. 
Women are more likely to talk about CAM therapy 
than men[37,38]. In one study, rheumatology patients 
diagnosed with fibromyalgia were more likely to discuss 
use of CAM with their physician[20]. When asked directly, 
many patients suggest that they would welcome and 
greater involvement of their clinician in providing details 
of alternative practitioners when requested[39]. 

REASONS FOR NOT DISCLOSING USAGE 
OF CAM TO RHEUMATOLOGISTS
There are various reasons documented for patients 
not disclosing their CAM use to clinicians (Table 2). 
Some patients are concerned about a possible negative 

144WJR|www.wjgnet.com November 12, 2015|Volume 5|Issue 3|

Physician did not ask
Patient thought it unnecessary to talk about it
Patient feared negative response from physician
Patient had used CAM before seeing physician
Patient forgot to discuss

Table 2  Reasons for not disclosing usage of complementary 
and alternative medicine to rheumatologists

CAM: Complementary and alternative medicine.
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in North America showed moderate acceptance 
towards some types of CAM, particularly body work 
and meditation practices[44]. An overwhelming majority 
of them had recommended these therapies in the past 
and were willing to continue this practice. That review 
also indicated that energy medicine had the lowest 
perceived benefit and received least recommendations 
and referrals from rheumatologists. A large proportion 
of rheumatologists had reported no or minor clinical 
use of CAM therapies such as prayer, spiritual direction 
and herbal medicine. They believed that the efficacy of 
these modalities is poor and potentially even harmful.

CONCLUSION
CAM usage is substantially increasing worldwide. 
Despite high rates of use of CAM therapies the number 
of patients disclosing it to their rheumatologists is low. 
There is a need to promote disclosure, particularly 
with respect to over the counter preparations that may 
interact with physician prescribed medication. 
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