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        D.   Roccatello      
  Nephrology and Dialysis Unit, Department of Rare, Immunologic, 
Hematologic and Immunohematologic Diseases , 
 Center of Research of Immunopathology and Rare Diseases, 
Coordinating Center of the Network of Rare Diseases of Piedmont and Aosta Valley, 
Giovanni Bosco Hospital, and University of Turin ,   Turin ,  Italy   
 e-mail: dario.roccatello@unito.it  

  1      Introduction                     

       Dario     Roccatello    

      The connective tissue disorders (CTDs) comprise a number of related conditions 
that include systemic lupus erythematosus, systemic sclerosis, myositis, and 
Sjögren’s syndrome. They are characterized by autoantibody production and other 
immune-mediated dysfunctions, mainly disturbances of T-cell and B-cell 
functions. 

 Basic and clinical research has been advancing rapidly in the fi eld of CTDs, a 
promising world of new diagnostic tools and pharmacological agents in develop-
ment that offer patients the real possibility of new therapies and physicians and 
scientists novel insights into the pathogenesis of these diseases. 

 Looking back over the past decade, research has mainly focused on the role of B 
cells and B-cell cytokines in the pathogenesis of CTDs and the use of anti-B-cell/
anti-B-cell cytokine agents in their therapy. Looking forward, a number of new 
themes are emerging, including therapeutic modulation of T/B lymphocyte signal-
ing with so-called target therapies, inhibition of T-cell activation, antibodies to IFN, 
IL, and anti-CD40L. 

 This textbook summarizes the critical aspects of the autoimmune conditions fac-
ing the clinician in the twenty-fi rst century, including both basic science and clinical 
science in order to provide a translational medicine model. Two sections deal sepa-
rately with systemic lupus erythematosus (SLE) and Sjögren’s syndrome (SS). 

 SLE is a complex autoimmune disease, predominantly affecting young women 
during the prime years of their life. The chronic nature of the disease, its relapsing 
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remitting course, and organ damage accrual over time frustrate both the physician 
and the patient. 

 To date, lupus has no known cause or cure. Early detection and treatment is the 
key to a better health outcome and can usually lessen the progression and severity 
of the disease. Anti-infl ammatory drugs, antimalarials, and steroids are often used 
to treat lupus. Cytotoxic chemotherapies are also used to suppress the immune sys-
tem in lupus patients. 

 Sjögren’s syndrome is a systemic autoimmune disease whose clinical spectrum 
extends from sicca syndrome to systemic involvement (extraglandular manifesta-
tions). Systemic involvement plays a key role in the prognosis of Sjögren’s syn-
drome, and recent studies have focused on cutaneous, pulmonary, renal, and 
neurological disease features. The diagnosis of Sjögren’s syndrome can be confus-
ing and time consuming. The management can also be a signifi cant challenge for 
the clinician. However, recent genomic and proteomic developments are unlocking 
the mystery of the disease process as well as contributing to our ability to defi ne, 
diagnose, and develop new treatment modalities for patients with this complex 
disorder. 

 This volume features very prominent physicians and scientists as contributors 
who bring their most recent discoveries to the benefi t of the readers, who will fi nd 
introductory contributions regarding general diagnostic and treatment principles, 
followed by chapters addressing the SLE and SS-specifi c organ manifestations. 
This book also offers an update on specifi c aspects of these diseases, including an 
emphasis on unifying aspects such as connections between immune system dys-
functions and development of the different types of CTDs, management of high-risk 
pregnancies, and the role of new target therapies. 

 This book would be aimed both at the rheumatologist already familiar with 
CTDs and at the general clinician and practitioner, equipping them to handle the 
requirements of the unique treatment, as well as rheumatologist trainees and nurses 
wishing to specialize.   

D. Roccatello
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      Epidemiology of Systemic 
Lupus Erythematosus                     

       Simone     Baldovino      and     Cristiana     Rollino    

         Systemic lupus erythematosus (SLE) is an often severe autoimmune rheumatic dis-
ease of unclear etiology that affects people worldwide. SLE presents with a wide 
spectrum of clinical patterns and can affect all ages and ethnicities [ 1 ]. Regardless 
of the age of disease onset, the diagnosis relies upon a combination of clinical and 
laboratory fi ndings which are addressed in more detail in other sections of the book. 
In this chapter we aim to critically review the epidemiology of SLE. 

2.1     Issues in Epidemiological Studies About SLE 

 Epidemiological studies about SLE are complicated by many issues such as variable 
disease presentation, the remitting and relapsing nature of the disease, and the pres-
ence of different classifi cation criteria. The American College of Rheumatology 
(ACR) classifi cation is the most widely accepted, and the only validated instrument 
for “diagnosing” lupus [ 2 – 4 ]; however, these criteria do not represent the full spec-
trum of disease and other classifi cation criteria have been proposed [ 5 ,  6 ]. These 
classifi cation criteria were created to identify SLE patients for clinical studies. 
Patients fulfi lling 4 out of the 11 1982 ACR criteria are classifi ed with SLE with 

  2
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approximately 95 % certainty, although many individuals who meet only two or 
three criteria are “diagnosed” with SLE. 

 The use of different and more sensitive criteria for the assessment and the inclu-
sion of milder cases may partly explain the differences in incidence and prevalence 
observed in different periods. A study conducted in Olmsted County, Minnesota, 
analyzed SLE incidence rates in two periods. The age- and sex-adjusted incidence 
rate was higher in the latter period (1.5 and 5.6 per 100,000 person-years, respec-
tively, in 1950–1979 and 1980–1992) [ 7 ]. Similar increases were seen in an inci-
dence study in 1980–1984, 1985–1989, and 1990–1994 in Denmark [ 8 ]. 

 Moreover, the different study designs can affect estimation of the prevalence, 
incidence, morbidity, and mortality. Studies based on the use of population regis-
tries potentially allow to identify a greater number of cases. However, often the used 
diagnostic criteria are not suffi ciently controlled. On the other hand, studies carried 
out by reference centers allow a more precise defi nition of the reported cases but 
suffer from a selection bias. In fact, often, patients treated at referral centers are 
more complex and serious and do not represent the full spectrum of the disease. 

 Another issue is the potential contribution of undiagnosed disease to the total 
burden within a population. This issue was addressed by a community survey in 
Birmingham (United Kingdom), combined with antinuclear antibody testing and 
clinical assessment of “positive” respondents and reported a prevalence of diagnosed 
SLE in women ages 18–65 years of 54 per 100,000. With the addition of the cases 
found during the screening, this estimate rose to 200 per 100,000 [ 9 ]. These results 
were confi rmed by subsequent studies conducted in Israel and in Michigan [ 10 ,  11 ].  

2.2     Incidence and Prevalence of SLE 

 According to the last available revision of the literature, incidence rates of SLE 
range from approximately 1 to 10 per 100,000 person-years, and prevalence rates 
generally range from 20 to 70 per 100,000 [ 12 ]. After that review many studies 
about SLE epidemiology were conducted worldwide [ 11 ,  13 – 30 ]. Even if SLE 
occurs throughout the world, many variables such as ethnicity, geography, sex, and 
age affect the epidemiology of SLE. In the following sections, we will analyze each 
of these variables. 

 Kidney involvement plays a pivotal role in the prognosis of patients with SLE, as 
it deeply affects mortality and morbidity. Thus, in this chapter we will address this 
aspect with a special emphasis.  

2.3     Ethnicity, Geography, and Genetics in SLE 

 In North America, the lowest incidences of SLE were seen among Caucasian 
Americans, Canadians, and Spaniards with incidences of 1.4, 1.6, and 2.2 cases per 
100,000 people, respectively [ 12 ]. A higher incidence is observed among Arab and 
Chaldean Americans (age-adjusted incidence of 7.6 and 62.6 per 100,000, 

S. Baldovino and C. Rollino
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respectively) [ 30 ] and among black people (age-adjusted incidence of 3.2 and 13.4 
6 per 100,000 for men and for women, respectively) [ 19 ,  31 ]. 

 Throughout Europe, the highest incidences were found in Sweden (4.7 
cases/100,000) [ 32 ], in France (3.32 cases/100,000) [ 22 ], and in Asian (17.45 
cases/100,000) and Afro-Caribbean (31.46 cases/100,000) residents of the United 
Kingdom [ 24 ]. 

 Consistent with data from the United Kingdom, the prevalence of SLE was also 
high in Puerto Rico, with an overall prevalence of 159 per 100,000 individuals (277 
per 100,000 for females and 25 per 100,000 for males) [ 33 ]. 

 In Australia some studies focused on the difference in SLE prevalence and clini-
cal and laboratory expression between Aboriginal and non-Aboriginal Australians. 
Prevalence of SLE was higher in Aboriginal than among non-Aboriginal (52.0–92.8 
vs 19.3–39.0 cases per 100,000 population) [ 25 ]. Both ethnographic and genetic 
differences and more complex social factors related to poverty and access to care 
are likely associated with increased risk of the disease. 

 A systematic review, published by Osio-Salido and Manapat-Reyes in 2010, 
identifi ed the epidemiological data for 24 Asian countries. Prevalence falls within 
30–50/100,000, with a higher prevalence of 70 in Shanghai and a lower prevalence 
ranging from 3.2 to 19.3 in India, Japan, and Saudi Arabia. Incidence data were 
available only for three countries (Japan, Hong Kong, and China) and varied from 
0.9 to 3.1 per annum [ 13 ]. 

 The infl uence of genetics is one of the factors implicated in differences in 
epidemiology and clinical expression of SLE in different populations. The 
genetic basis of SLE is very complex and recent genome-wide studies have 
identifi ed more than 50 robust loci associated with SLE susceptibility [ 34 ]. One 
study conducted by Wang and coworkers on 695 Chinese SLE patients esti-
mated that the heritability of SLE should be of 43.6 %. The authors concluded 
that the genetic model of SLE could be a polygenetic model and major gene 
mode is the best fi tted one [ 35 ]. Studies on twin show a concordance rate rang-
ing from 2 to 5 % for dizygotic twins and 24–60 % for monozygotic twins. 
However, this concordance in twins can be explained by behavior as well as by 
genetic predisposition [ 36 ]. 

 The strongest genetic associations are reported for the human leukocyte antigen 
(HLA) class II (DR2 and DR3), with relative risks of approximately 2.0, with dif-
fering strengths of association in different racial populations, and HLA class III 
region (MSH5 and SKIV2L) [ 36 ,  37 ]. Other non-HLA genes associated with SLE 
can be classifi ed by the pathway in which they are involved, such as type I interferon 
pathway (TLR7, IRF5 and IRF7, IFIH1, STAT4, TYK2, and SLC15A4), nuclear 
factor kB (TNFAIP3, IRAK1, and possibly MECP2), B- and T-cell signaling 
(PTPN22, c-Src tyrosine kinase, BANK1, BLK, IL10, and IKZF1), immune com-
plex clearance (FCGR2A,FCGR3A, FCGR3B, ITGAM, a protein involved in form-
ing complement receptor 3, and protein involved in classic pathway of complement, 
especially C1q), production of oxygen reactive species (NCF2, a protein coding for 
a NADPH oxidase subunit), cell-cycle regulation (CDKN1B), autophagy (ATG5 
and DRAM1), and DNA demethylation (TET3) [ 34 ].  

2 Epidemiology of Systemic Lupus Erythematosus
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2.4     Age, Sex, and SLE 

 Age at onset defi nes different subtypes of SLE: neonatal lupus, secondary to passive 
transfer of antibodies from an affected mother to the child, pediatric lupus (pSLE), 
adulthood SLE, and late-onset SLE (loSLE) [ 36 ]. 

 SLE onset is more common in young adults, between 15 and 40 [ 36 ]. Pediatric 
lupus accounts approximately 10–20 % of cases [ 38 ]. The onset of SLE beyond the 
age of 50 years is reported to occur in 3–18 % of patients [ 39 ]. 

 During the child-bearing years, the ratio of women to men with lupus is approxi-
mately 9:1. This ratio is less in younger (2:1) and older (3:1) populations, support-
ing a role for hormonal factors in disease induction and pathogenesis [ 1 ,  36 ]. The 
higher incidence among women is clearly seen in black people in the United States 
(crude incidence per 100,000 of 13.6 in women vs 2.6 in men) [ 19 ]. A similar pat-
tern is observed in other populations, as seen in a large study from the United 
Kingdom as well as in smaller studies from the Sweden and Iceland. However, in 
these populations the highest age-specifi c incidence rates are generally seen after 
40 years of age. Although there are no incident data for Hispanics in the United 
States or Latin America, some studies suggest they also develop lupus earlier in life 
[ 24 ]. 

 The importance of hormonal and reproductive factor in the highest susceptibility 
of women to SLE has been proven by few studies that correlate age at menarche 
with risk to develop SLE (odds 4.6-fold higher for women with menarche at age 
10 years versus menarche at age 13 years). Menstrual irregularities were also asso-
ciated with increased risk of SLE in a Japanese case–control study and in the 
Carolina Lupus study [ 36 ]. 

 Many authors have studied the infl uence of oral contraceptives on SLE onset but 
the results are controversial. In addition, the effect of breastfeeding has been ana-
lyzed with an apparent protective effect. Finally, early menopausal and postmeno-
pausal hormone therapy seems to be correlated with a higher risk of SLE [ 36 ].  

2.5     Other Risk Factors for SLE Development 

 Tobacco smoking has been proposed to be a trigger for the development of 
SLE. Results of nine studies have been summarized in a meta-analysis by 
Costenbader and coworkers. The authors revealed a small but signifi cantly increased 
risk for the development of SLE among current smokers compared with nonsmok-
ers (OR 1.50, 95 % CI 1.09–2.08). They did not observe a similar association for 
ex-smokers compared with never smokers, concluding that the effect of active 
smoking on risk appears to be stronger than a past exposure [ 40 ]. A subsequent 
Japanese study showed that the association between smoking and a particular poly-
morphism of the receptor for TNF, TNFRSF1B, was associated with a greater risk 
of developing SLE [ 41 ]. Moreover, two studies conducted in Japan showed a dose–
response relationship between smoking and the risk of SLE [ 41 ]. 

S. Baldovino and C. Rollino
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 The role of alcohol consumption is more controversial. A meta-analysis con-
ducted by Wang and coworkers showed that moderate alcohol intake has a pro-
tective effect on the development of SLE [ 42 ]. Heavy alcohol consumption 
(>4–5 days/week) was shown to be associated with odds of 4.49 (95 % CI, 1.43–
14.08) for the occurrence of SLE only in some populations, suggesting that addi-
tional genetic or environmental factors can interact with alcohol consumption in 
SLE development [ 41 ]. 

 Some medications, such as procainamide, can induce lupus-like disease, typi-
cally without the presence of autoantibodies, in susceptible individuals. To date, the 
drugs mainly associated with the development of SLE in animal models are estro-
gen. However, even if some case series described the induction of SLE and disease 
fl ares in patients who took combined oral contraceptive pills, a randomized con-
trolled trial found that combined oral contraceptives did not confer a higher risk of 
disease fl ares in women with clinically stable SLE. On the other hand, another ran-
domized controlled trial did fi nd a higher risk of mild to moderate lupus fl ares in 
postmenopausal women with SLE who used hormone replacement therapy [ 41 ]. 

 Other drugs that have been supposed to be associated with SLE induction are 
anti-TNF used in the treatment of infl ammatory arthritis. Even if cases of anti-TNF- 
induced lupus have been reported, we lack a clear fi gure of real impact of these 
agents in SLE induction [ 43 ]. 

 The supposed association between LES and vaccines has never been proven [ 41 ]. 
A recent analysis conducted in silico by McGarvey and colleagues suggests that the 
presence of some genetic variations associated with specifi c immunological path-
ways could be associated with a higher risk to develop autoimmune diseases such as 
SLE as a consequences of vaccination [ 44 ]. These preliminary data need confi rma-
tion that should necessarily be based on genetic epidemiology studies conducted on 
large populations. 

 Many other chemicals, such as crystalline silica, chlorinated compounds, mer-
cury, liquid pesticides, solvents, phthalates (that are also present in lipsticks), and 
aromatic amines (that are also found in hair dyes), have been associated with SLE 
onset or fl airs [ 41 ].  

2.6     SLE Mortality, Morbidity, and Clinical Expression 

 SLE still remains an important cause of morbidity and mortality among young and 
middle-aged people, but, until the middle of the last century, 5-year survival was 
<50 % [ 36 ]. 

 Owing to improvements in disease management and recognition over the past 
20–30 years, patients now live longer, but as a result have increased disease 
damage. 

 Such as incidence and prevalence, also the clinical expression, the morbidity, and 
the mortality of SLE are infl uenced by ethnicity, geography, sex, and age at the 
onset. 

2 Epidemiology of Systemic Lupus Erythematosus
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 Few Australian studies investigated the differences in SLE expression between 
Aboriginal and non-Aboriginal in Australia with heterogeneous results. One study 
reported that laboratory anomalies and organ involvement were similar in Aboriginal 
and non-Aboriginal Australians, but another reported differences (not statistically 
signifi cant) between these populations in clinical manifestations and certain labora-
tory features, including malar rash, discoid rash, photosensitivity, oral ulcers, pleu-
ritis and anticardiolipin, anti-Smith and anti-ribonucleoprotein antibodies, and 
lupus anticoagulant. Other analyses investigated SLE features in Asian Australians. 
Two studies reported that Asian Australians were more affected by SLE than non- 
Asian Australians in terms of disease severity, renal involvement, photosensitivity, 
laboratory characteristics, and fl ares [ 25 ]. 

 A recent study from Qian and colleagues explored the correlation between SLE 
activity and altitudinal variations. The authors performed a retrospective analysis of 
1,029 hospitalized patients in China. The study did not found signifi cant correlation 
between SLE activity (recorded using SLEDAI) and altitudes. However, the authors 
found a correlation between the age at diseases onset and at hospital admission, the 
presence of Sm antibodies, and living at high altitudes [ 45 ]. 

 Pediatric cases are associated with higher disease severity, more rapid damage 
accrual (the majority of patients will have developed damage within 5–10 years of 
disease onset), and atypical presentations than adult-onset SLE. Premature athero-
sclerosis and osteoporosis have become increasingly prevalent morbidities in pSLE 
patients. Differential ethnic expression is present in pediatric patients such as in 
adult with a more severe disease course in patients of African ancestry. The most 
prevalent manifestations of SLE in pediatric patients are musculoskeletal, ocular, 
renal, and neuropsychiatric. Furthermore, the presentation of a serious incurable, 
potentially devastating disease, in a period of important psychosocial development, 
may result in signifi cant psychosocial stress [ 38 ]. The serological pattern of pediat-
ric patients can be characterized by absence of ANA and anti-nDNA antibodies, 
mostly in SLE secondary to complement defi ciencies [ 46 ]. Due to the more severe 
course of disease, patients with pSLE have a higher mortality than patients with 
adult onset (mortality hazard ratios of 6.29 vs 1.75) [ 47 ]. 

 loSLE is usually associated with milder manifestations. The most prevalent man-
ifestations are pulmonary involvement and serositis. Furthermore, late-onset SLE 
can be associated with Sjogren’s syndrome and may present an atypical serological 
pattern with the presence of rheumatoid factor and of antinuclear antibody and a 
lower frequency of anti-ribonucleoprotein (anti-RNP) and anti-Sm antibody [ 39 ]. 
Despite the milder presentation, loSLE is associated with poorer survival than early- 
onset SLE (mortality hazard ratios of 3.44 vs 1.75 in patients with adult onset) [ 47 ]. 
The higher mortality likely refl ects the consequences of aging rather than true dif-
ferences in survival. Importantly, the cause of death in late-onset SLE patients is 
usually not SLE itself, but rather the more frequent occurrence of infections, cardio-
vascular disorders, malignancies, or drug-induced complications [ 39 ]. 

 Few studies tried to explore the role of socioeconomic factors as risk factors for 
SLE outcome. Poorer outcomes and higher disease activity have been associated 
with measures of socioeconomic status (SES) such as insurance, income, and edu-
cation. It is often diffi cult to disentangle these from other closely related potential 
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risk factors associated with disease susceptibility such as environmental and toxic 
exposure. Non-Caucasian race, lower levels of education, and limited access to 
medical care appear to be associated with SLE-related organ damage and higher 
morbidity. Broader measures of lower SES, such as the Hollingshead Index, were 
associated with patients’ perceived health outcomes such that lower SES was asso-
ciated with higher morbidity [ 36 ]. 

 Defi ciency of vitamin D was demonstrated to be associated with higher lupus 
disease activity. In a recent study from Petri and colleagues, 1,006 SLE patients 
were assessed for serum 25(OH)D levels, 76 % of which had levels of 25(OH)D that 
were <40 ng/ml (insuffi cient). This percentage was signifi cantly higher among 
African-Americans (85 %) and among those ages 30–59 (79 %). Moreover, in 
patients with insuffi cient 25(OH)D levels, a 20-ng/ml increase in serum was shown 
to be associated with a 15 % decrease in the odds of clinically important proteinuria 
(urine protein-to-creatinine ratio >0.5) [ 48 ].  

2.7     Lupus Nephritis 

 Renal involvement is a major complication of SLE and a strong determinant of mor-
bidity and mortality. About 60 % of SLE patients develop kidney involvement [ 49 ]. 

 A clear defi nition of what we are referring to as “lupus nephritis” must be intro-
duced. Traditionally, authors refer to lupus nephritis (LN) as the glomerular involve-
ment in the course of SLE. However, the kidney involvement in the context of the 
disease may be heterogeneous, also including tubulointerstitial nephropathy, which 
manifests clinically with electrolyte disorders and/or renal acidosis, and different 
features of vascular disease. 

 In the following paragraphs, we will refer to the lupus glomerulonephritis as 
LN. Similarly to other manifestations of SLE, many factors infl uence LN incidence 
estimates: location, ethnicity, gender, and method of diagnosis. 

 The literature reports a frequency of LN among SLE patients ranging from 40 to 
70 % [ 50 ]. However, this estimation is probably lower than the real one, because of 
the bias generated by the method of diagnosis. Patients with less severe forms of 
lupus glomerulonephritis may not undergo renal biopsy ascertainment, hence result-
ing in incorrect estimate. 

 Moreover the incidence of LN may have been modifi ed over the recent years by 
the use of more aggressive treatments. 

 Most SLE patients develop nephritis early in the course of their disease. The vast 
majority is younger than 55 years. Children are more likely to develop severe 
nephritis than elderly patients [ 51 ].  

2.8     LN Histological Classification 

 The 2003 edition of the ISN/RPS classifi cation of the modifi ed WHO histological 
classifi cation of LN [ 52 ] has signifi cantly improved management and prognosis of 
the disease [ 49 ]. 
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 According to the ISN/RPS classifi cation [ 52 ], lupus glomerulonephritis ranges 
from less severe to highly severe forms. The most active forms, such as class III, IV, 
and V, are usually ascertained by biopsy. On the contrary, patients with less severe 
forms (class I, II, and probably some of class III cases) may not be submitted to 
renal biopsy, so that these forms may elude the epidemiologic estimates. 

 At this regard, in one study kidney biopsy was offered to all patients with SLE seen 
at a Japanese hospital over an 11-year period, whether or not clinical signs of renal dis-
ease were present [ 53 ]. Of the 195 patients who had adequate biopsies, 86 had no clini-
cal renal involvement. Of these 86 patients without clinical renal disease, 13 (15 %) had 
either class III or IV lupus nephritis and 9 (10 %) had class V disease.

2.9        Immunosuppression and Renal Replacement 
Advancements 

 Despite the ancient history of SLE, the renal manifestations were described for the 
fi rst time in the early 1900s [ 54 ] (Fig.  2.1 ). 

 Renal failure soon emerged as an important cause of death among SLE patients. 
Survival rate was less than 50 % at 5 years for LN patients in the late 1950s [ 55 ]. 
Survival of LN patients with end-stage kidney disease (ESKD) was negatively 
affected by the absence of renal replacement therapies (RRTs) or by their delayed 
utilization (Fig.  2.1 ). 

 Hemodialysis (HD) for LN was fi rst reported only in the mid-1970s and only in 
the European literature. Initial reports indicated that the outcomes of LN patients 
with ESKD who underwent RRT seemed to be worse than those of the general 
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ESKD population [ 56 ]. Morbidity in the SLE group was primarily associated with 
infection and vascular access problems, but no deaths were directly attributable to 
SLE activity. 

 The 5-year survival rate in the early 1980s was reported to be signifi cantly lower 
in HD-dependent SLE patients than in non-SLE HD patients (58.6 % versus 
88.5 %). 

 With advances in lupus treatment, outcome improved dramatically. Studies from 
the 1990s reported that more than 93 % of LN patients survived for 5 years and 
85 % survived for 10 years [ 57 ] and the 5-year survival rate for patients on dialysis 
increased to 73 % [ 56 ,  58 ]. As the need for a dialytic treatment may be only tempo-
rary, dialysis now represents the opportunity for renal recovery. 

 Hence the almost free availability of dialysis also affects epidemiologic data: the 
incidence of LN-associated ESKD has increased from 1.16 cases per million in 
1982 to 4.9 cases per million in 2004 in the United States [ 59 ,  60 ].  

2.10     General Data on Lupus Nephritis 

 Several data are reported about prevalence and incidence of LN. 
 The overall annual incidence rate has been rated 0.40 per 100,000 subjects per 

year (95 % CI 0.24–0.63) [ 61 ] and the prevalence ranging from 4.4 per 100,000 
inhabitants (95 % CI 3.8–5.0) (in northwest England in 2001-Patel-) to 6.85/100,000 
person-years [ 62 ]. 

 Prevalence and incidence are increasing over the years. Iseki et al. [ 63 ] analyzed 
566 SLE patients in Japan over a 20-year period. They found that the annual inci-
dence and prevalence of LN in women had increased from 16.0 per million and 66.0 
per million, respectively, in 1972 to 46.7 and 683.3, respectively, in 1991 and that 
the annual incidence and prevalence in men had increased from 4.2 and 8.3, respec-
tively, in 1972 to 8.3 and 70.0, respectively, in 1991. 

 It is unclear why the prevalence of end-stage LN increased by nearly tenfold in 
20 years. One possible explanation is an improvement in therapeutic option, result-
ing in a lower patient mortality and a possible longer life span, compatible with a 
potential development of renal failure. 

 In a recent retrospective study, male sex, young age (<33 years), and non- 
European ancestry were found to be determinants of earlier renal disease in patients 
with SLE [ 49 ].  

2.11     Gender 

 The striking prevalence of women affected with SLE is less evident as regards LN. 
 More severe renal disease, skin lesions, serositis, thrombotic events, and seizures 

have been reported in males by several authors [ 64 ]. 
 Whereas the incidence of SLE among the male population is low when androgen 

levels are high, the incidence approaches the same of the female population during 
childhood and old age when androgen levels are low. 
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 In the study of Patel [ 61 ], the annual incidence rate was higher in women, at 0.68 
per 100,000 per year (95 % CI 0.40–1.10), than in men, at 0.09 per 100,000 per year 
(95 % CI 0.01–0.32). 

 The prevalence rates were also higher in women than in men (7.1 per 100,000 
[95 % CI 6.1–8.2] versus 1.4 per 100,000 [95 % CI 1.0–2.0], respectively) [ 61 ], and 
this was true for all ethnic groups. 

 In Saxena study [ 49 ], the median age at diagnosis was 35 years (IQR 65.1–65.9) 
in men. 

 Male gender was found to be a poor prognostic factor for the clinical course of 
LN, progression to ESKD, and morbidity [ 59 ,  65 ].  

2.12     Ethnicity 

 It is well known that frequency and severity of LN differ among ethnicities. 
 Besides a higher SLE incidence, African-American ethnicities may present with 

more severe presentation and earlier renal disease, as shown in a retrospective 
study [ 50 ]. 

 In the Saxena study [ 49 ], a higher proportion of Indo-Asian patients with SLE 
(27 %) and an even higher proportion of Afro-Caribbean patients with SLE (58 %) 
were estimated to have LN when compared to the white population, in which the 
estimated proportion of SLE patients with LN was 10 %. The prevalence estimates 
were signifi cantly higher in women, in particular, in the Chinese and Afro-Caribbean 
populations when compared with the white population. Indeed, there was a marked 
ethnic gradient, with the prevalence estimates increasing from the white population 
to the Indo-Asian, Afro-Caribbean, and the Chinese populations.  

2.13     Socioeconomic Status 

 A number of studies suggest that LN is both more common and more severe in some 
ethnic minorities and progression to end-stage renal disease is higher in uninsured 
and low SES groups [ 66 ,  67 ]. 

 An interesting study based on the Medicaid Analytic eXtract (MAX) administra-
tive data system analyzes LN patients searched on the basis on ≥2 ICD-9 hospital 
discharge diagnoses of LN from January 1, 2000, to December 31, 2004. 

 The study was conducted utilizing combined categories: white, black or African- 
American, Hispanic or Latino, Asian (including Pacifi c Islander), Native American, 
and others. Seven SES indicators were taken into account: median household 
income, proportion with income below 200 % of the federal poverty level, median 
home value, median monthly rent, mean education level, proportion of people age 
>25 who were college graduates, and proportion of employed persons with a profes-
sional occupation. 

 From 2000 to 2004, the prevalence of LN was 30.9 per 100,000 (7,388 individu-
als) or 21.5 % of SLE cases, with higher rates among all non-Caucasian racial/eth-
nic groups compared to whites. 

S. Baldovino and C. Rollino



15

 By dividing the population into quartiles of county level SES, statistically sig-
nifi cant differences were found between the lowest SES group, which had the high-
est SLE prevalence (167.9 per 100,000, 95 % CI 160.4–175.7) and the two highest 
SES quartiles, which had the lowest SLE prevalence. A similar pattern was found 
after adjusting for age, sex, and race/ethnicity. 

 On the opposite, the trend of LN prevalence did not differ signifi cantly across 
SES quartiles. This suggests that genetics may be a more important determinant in 
the development of LN compared to SLE. It is also possible that once individuals 
enter into care for their SLE, SES contributes less to disease complications (Fig.  2.2 ).

2.14        Lupus Nephritis and Progression Toward 
End Stage Kidney Disease 

 Overall prognosis of SLE patients has improved in recent decades [ 59 ]. However, 
approximately 10–30 % of patients with proliferative LN progress to ESKD. 

 The incidence of LN-associated ESKD has increased from 1.16 cases per million 
in 1982 to 4.9 cases per million in 2004 in the United States (Fig.  2.3 ) [ 59 ,  60 ].
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  Fig. 2.2    Prevalence of systemic lupus erythematosus ( SLE ) and lupus nephritis ( LN ) per 100,000 US 
Medicaid enrollees ages 18–65 years, stratifi ed by socioeconomic status ( SES ) quartile (SES 1 [low-
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[highest] = above 0.26). Results of crude analyses and analyses adjusted for age group, sex, and race/
ethnicity are shown. Bars represent 95 % confi dence intervals. (Modifi ed from Feldman et al. [ 62 ])       
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   Analysis of the US Renal Data System from 1996 to 2004 showed that there 
were 9,199 new cases of ESKD attributable to LN with most patients being of 
African-American descent and of female sex (49 % and 82 % of cases, respectively) 
[ 59 ,  68 ]. This increase in the incidence of ESKD due to LN is a cause for concern. 
Recent epidemiological studies have pointed to several risk factors associated with 
the progression of LN to ESKD that could affect these estimations. 

 Young age is one of the primary risk factors for progression to ESKD. It was 
reported that up to 75 % of children with SLE eventually develop nephritis and 
18–50 % show progression to ESKD [ 69 ,  70 ]. The lack of standardized protocols 
for treating LN in pediatric populations is a challenge in managing treatment. 

 Delayed renal biopsy [ 71 ,  72 ] and delay in treatment of LN are other important 
risk factors associated with poor outcomes and progression to ESKD. Specifi cally, 
an elapsed time of more than 6 months between urinary evidence of nephropathy 
and biopsy has been associated with progression to ESKD. 

 While ESKD in LN appears to have stopped increasing in the last decade, ethni-
cal disparities in outcomes persist: the African-Americans are still more likely to die 
prematurely [ 73 ]. 

 Tubulointerstitial involvement with or without immune deposits along the tubu-
lar basement membrane is a common fi nding in LN, almost always being seen with 
concurrent glomerular disease [ 74 ,  75 ]. 

 The severity of the tubulointerstitial involvement is an important prognostic sign. 
In a Chinese study of 313 patients with LN, for example, the presence of tubuloint-
erstitial nephritis was signifi cantly associated with a twofold higher risk of develop-
ing end-stage renal disease [ 76 ]. 

 In a few cases, tubulointerstitial involvement is the only manifestation of 
LN. This possibility should be suspected when a patient with SLE presents with a 
rising plasma creatinine concentration and a urinalysis that is relatively normal or 
shows only a few red cells and/or white cells. These changes may be accompanied 
by signs of tubular dysfunction such as metabolic acidosis due to type 1 (distal) 
renal tubular acidosis, hyperkalemia, or hypokalemia [ 77 ,  78 ]. 
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 Involvement of the renal vasculature is not uncommon in LN, and its presence 
can adversely affect the prognosis of the renal disease [ 79 ]. The most frequent man-
ifestations are immune complex deposition, immunoglobulin microvascular 
“thrombi” [ 78 ], a thrombotic microangiopathy [ 80 ,  81 ], vasculitis [ 82 ], or athero-
embolic disease and atherosclerosis. 

 Rarely, patients with LN develop renal vein thrombosis [ 83 ].  

    Conclusions 

 According to the most recent revision of the literature, incidence rates of SLE 
range from approximately 1 to 10 per 100,000 person-years, and prevalence rates 
generally range from 20 to 70 per 100,000. Even if SLE occurs throughout the 
world, many variables such as ethnicity, geography, sex, and age affect the epi-
demiology of SLE. 

 Kidney involvement plays a pivotal role in the prognosis of patients with SLE, 
as still approximately 10–30 % of patients with proliferative LN progress to 
ESKD. 

 Prevalence and incidence are increasing over the years. A “big data” approach 
in perspective studies will enable hitherto unseen connections in SLE epidemiol-
ogy to emerge.     
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3.1             Introduction 

 Systemic lupus erythematosus (SLE) is considered a typical protean systemic 
autoimmune disease. It is characterized by multiorgan and multisystem involve-
ment. Virtually, SLE may affect almost any organ during the disease course, and 
several pathogenic pathways drive SLE infl ammation in affected tissues. Recently, 
the apoptotic process was thoroughly investigated, and in particular the link 
between apoptotic debris containing autoantigens, innate immunity activation, 
and maintaining of infl ammation has been further elucidated. A better under-
standing of the pathogenic mechanisms and of the infl ammatory cytokine cascade 
contributed to the recent development of new biological drugs specifi cally 
approved for SLE therapy. In this chapter we provide an overview of both the tra-
ditional and the more recently discovered immunological pathways that drive 
infl ammation and contribute to organ damage in SLE (Fig.  3.1 ).
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3.2        Genetic and Environmental Factors 

3.2.1     Genetic Aberrations 

 Genes that breach immune tolerance and promote autoantibody production may 
play a crucial role in SLE development. These genes might act with other genetic 
factors that augment innate immune signaling and IFN-I production, which in turn 
can generate an infl ux of effector leukocytes, infl ammatory mediators, and autoan-
tibodies into involved organs, such as the kidneys. Genetic factors infl uence SLE 
susceptibility and likely affect disease severity as well. In the last years, genetic 
susceptibility has been extensively investigated in SLE. However, even if the dis-
ease is defi nitely more frequent in certain families compared to others, identical 
twins show only 50 % concordance. Some major histocompatibility complex 
classes, in particular in class II genes (HLA-DR, DQ and DP), have been associated 
with SLE susceptibility [ 1 ]. Recently, several other gene polymorphisms have been 
found more frequently in patients with a more severe disease course [ 2 ]. 

 Some genetic aspects however warrant more accurate discussion in SLE since they 
probably deeply promote both disease onset and subsequent prolonged infl ammation. 

 The identifi ed genes implicated in SLE can be assigned to one of four functional 
categories: genes that affect lymphocyte activation, particularly B cells; genes that 
affect innate immune signaling, (NF-κB activation and IFN-I signaling); genes that 
might function within the kidneys, potentially promoting renal tissue damage; and 
genes that infl uence the handling of apoptotic debris, chromatin, and immune com-
plexes bearing these antigens. These categories have been designated on the basis of 
a priori analysis regarding the cell types in which the identifi ed genes are expressed 
and their known molecular functions. However, alternative pathways and models 
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B-cell activation
(autoantibodies)

T-cell activation
(cytokines)

Genetic

Epigenetic

Environmental
factors

  Fig. 3.1    Overview of SLE pathogenesis       
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cannot be excluded. Although numerous genes have been implicated in SLE, sev-
eral questions remain. Firstly, the specifi c causative mutations and subsequent 
molecular alterations that contribute to the disease phenotype have not been fi rmly 
established for many of the identifi ed candidate genes [ 2 ]. 

 Among the others, homozygous C1q defi ciency and genetic mutations resulting 
in low levels of C2 and C4 signifi cantly increase the risk of developing SLE. These 
complement system defi ciencies probably contribute to SLE pathogenesis through 
defective clearance of the apoptotic material, consequently leading to a signifi cant 
accumulation of potential autoantigens [ 3 ]. 

 Genome-wide microsatellite characterization was recently used to screen large- 
scale single nucleotide polymorphisms (SNPs) and to identify chromosomal loci 
that are associated with SLE. Among them IRF5, TYK2, STAT4, IRAK1, and 
PHPRF1 are linked to type I IFN production or IFN-induced cellular response [ 2 ]. 

 IFN-I signaling is important in myeloid cells, including monocytes and dendritic 
cells, and might also have important functions in resident renal cells. Since direct 
evaluation of circulating IFN-alpha levels is usually very complex and does not 
always reliably refl ect IFN overexpression, recent studies have shown a good corre-
lation between the expression of IFN-inducible genes in peripheral blood mononu-
clear cells and SLE activity [ 4 ]. Microarray techniques showed that peripheral blood 
mononuclear cells isolated from patients with active SLE indeed display a high 
degree of IFN-I activity or “signature” [ 5 ,  6 ]. IFN-alpha hyperactivity is detected, 
though to a lesser extent, in patients with incomplete lupus syndrome or undifferenti-
ated connective tissue disease, and it is even more blunted in fi rst-degree relatives of 
patients with SLE [ 7 ]. Nowadays, IFN signature represents the most signifi cant 
genetic discovery in SLE since it potentially implies new therapeutic options. 

 DNA methylation and histone modifi cations are key mechanisms of human epi-
genetic control of gene expression. Patients with active lupus were found to have 
reduced capacity of DNA methylation of several genes, leading to an increase in the 
transcription of infl ammatory proteins such as CD11a, CD70, and CD40L. Perforin 
overexpression due to gene hypomethylation is also responsible for abnormal CD4+ 
T-lymphocyte killing activity [ 8 ,  9 ]. Interestingly, some drugs, such as hydralazine 
or procainamide, which are well known for being associated with drug-induced, 
new-onset lupus, may affect DNA hypomethylation as well. Other epigenetic mech-
anisms potentially affecting pathogenesis of SLE include histone acetylation and 
microRNA (miRNA) expression. Abnormal patterns of miRNAs have been recently 
detected in the blood of SLE patients [ 10 ].  

3.2.2     Environmental Factors 

 Many theories and evidence in the past have indeed linked SLE pathogenesis to 
environmental factors, in particular hormones, since it is well known that SLE pre-
dominantly affects women during their childbearing years. 

 The fi rst reliable mouse model of renal lupus was described in New Zealand 
black/white female (NZB/WF) mice [ 11 ]. Although there have been subsequent 
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descriptions of lupus even in male murine strains, the NZB/WF mouse model pro-
vided the very fi rst strong scientifi c evidence of the infl uence of sex hormones on 
SLE pathogenesis [ 12 ]. Moreover, increased production of infl ammatory cytokines 
by T and B lymphocytes (probably via NF-kB activation) has been described after 
exposure to estrogens. On the other hand, progesterone is able to inhibit Toll-like 
receptor (TLR) 7 signals, inducing a reduction in infl ammatory cytokines [ 13 ]. 

 Historically, infections have been considered possible triggers for SLE induction 
in the early phases and for relapse in the course of the disease [ 14 ]. Cross-reactivity 
between self and non-self microbial epitopes is generally considered an appealing 
mechanism to explain the break in immune tolerance. For instance, a molecular 
mimicry has been described between EBV nuclear antigen-1 and self-antigens [ 15 ]. 

 Ultraviolet (UV) exposure is a well-known risk factor for lupus development and 
disease fl ares [ 16 ]. UV-B exposure in particular promotes apoptosis of skin cells in 
SLE patients, with subsequent plasmacytoid dendritic cell (pDC) recruitment into 
cutaneous lesions, presentation of apoptosis-associated autoantigens to lympho-
cytes, and triggering of specifi c humoral and cellular adaptive responses. Increased 
levels of IFN-alpha triggered by pDCs have been demonstrated in skin specimens of 
SLE patients after ultraviolet exposure. Similarly, the production of other infl amma-
tory cytokines, such as IL-1, IL-6, and TNF-alpha, by keratinocytes and lympho-
cytes has been shown to be infl uenced by UV [ 17 ]. 

 The role of vitamin D on the immune system has also been profoundly investi-
gated, since insuffi cient circulating levels are often detected in patients with several 
autoimmune diseases, especially with SLE. Besides infl uencing bone metabolism 
and protecting from osteoporosis, 1-25 (OH) vitamin D inhibits cellular 
T-lymphocyte responses and favors T reg  differentiation. Vitamin D defi ciency is 
thought to be a potential susceptibility factor for autoimmune diseases [ 18 ]. 

 In summary, as far as the role of genetic and environmental factors in SLE is 
concerned, a combination of genes rather than a single gene seems to predispose to 
the disease in the majority of patients, in particular when crucial interactions 
between such genes and environmental factors occur.   

3.3     Apoptosis Disturbances in SLE 

 Previous research has shown that nuclear antigens are targeted in SLE, which is 
characterized by a strong serological response to DNA, histones, and ribonuclear 
proteins. These nuclear antigens are not usually exposed to the immune system as 
they are sequestered within cellular and nuclear membranes. Consequently, numer-
ous studies have investigated the processes underlying the exposition of nuclear 
autoantigens and the autoimmune responses associated with SLE. Although several 
known pathways can lead to cell death, apoptosis remains the dominant mechanism. 
Apoptosis is a regulated process, which requires energy with ATP consumption, 
sequential activation of intracellular proteases (caspases), digestion of chromatin 
and DNA by DNAse enzyme, and lastly cytoskeleton modifi cation through the for-
mation of microparticles from the membrane. Various stimuli, such as DNA dam-
age, UV exposure, or infections, can induce apoptosis in vitro and in vivo [ 19 ]. 
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Rapid clearance of apoptotic cells prevents immunogenicity or the ability to initiate 
an infl ammatory response. Experimental evidences suggest that accumulation of 
apoptotic debris, which can occur as a result of failure of the clearance machinery, 
is an important contributor to autoimmunity in SLE. Multiple ligands, receptors, 
opsonins, and other molecules are involved in the clearance of apoptotic cells and 
their debris. Genetic knockout models and pharmacological studies in mice investi-
gated how genes affecting autoantigen clearance could promote the production of 
antinuclear autoantibodies and trigger other features of SLE [ 20 ]. Murine models 
with a defi ciency of Tyro-3, Axl, and Mertk receptors showed that a decreased 
capacity in binding to apoptotic cells resulted in autoantibody production, develop-
ment of arthritis, skin rash, and deposition of immune complexes in glomeruli. Mice 
defi cient in T-cell IgG4 (TIM-4), which binds the phosphatidylserine residues 
exposed on the surface of apoptotic cells, exhibit anti-dsDNA antibodies and ele-
vated B-cell and T-cell activation. Phosphatidylserine, which is exposed on the 
external membrane in the early phases of apoptosis, probably plays a pivotal role in 
phagocyte recognition in SLE. However, the receptors involved in this process are 
neither completely understood nor have they been fully identifi ed. Noteworthy, the 
interaction between macrophages and apoptotic cells results in a tolerogenic immu-
nological response that is characterized by the release of TGF-beta and IL-10 into 
the microenvironment, which ultimately prevents the onset of infl ammation and the 
activation of the immune system. 

 If phagocytic cells are not effective in removing apoptotic cells, they accumu-
late and progress into secondary necrosis, which implies an infl ammatory reaction. 
This occurs every time “danger signal” molecules, which are usually enclosed 
inside the cellular cytoplasm because they could potentially trigger the production 
of infl ammatory cytokines, are released into the extracellular environment after 
membrane integrity is broken [ 21 ]. High-mobility group box protein 1 (HMGB1), 
which is produced during cell activation and, early, in apoptosis in the attempt to 
stabilize the nucleosome structure, warrants special consideration. If necrosis 
occurs, HMGB1 shows strong pro-infl ammatory activity when released into the 
extracellular compartment, acting as an “alarmin” or “danger signal.” HMGB1 
activates immune responses by interacting with specifi c receptors of the innate 
immunity, in particular with TLR2 and TLR4 [ 22 ]. Therefore, the effi cient clear-
ance of apoptotic remnants remains a key physiological step for preventing the 
autoimmune manifestations. Apoptosis-derived extracellular vesicles (exosomes, 
microvesicles, apoptotic bodies) contain large amounts of digested nuclear com-
pounds which represent a potential source of neoantigens if not promptly recog-
nized and removed by phagocytes [ 23 ].  

3.4     Innate Immune System and SLE 

 The role of the innate component of the immune system has been reevaluated in 
SLE based on knowledge of the defective apoptotic clearance in SLE, described 
above. Immature dendritic cells (DCs) normally express self-antigens on their sur-
face in the absence of co-stimulatory signals, thereby inducing a tolerogenic effect 
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on potentially autoreactive lymphocytes. A pro-infl ammatory environment, such as 
infection, can induce DCs’ maturation and the expression of co-stimulatory mole-
cules. In this scenario, self-antigens can be presented to T lymphocytes and an auto-
immune response may be potentially triggered [ 24 ]. 

 DCs are considered very effi cient in recognizing damage-associated molecular 
patterns (DAMPs) and particularly in recognizing a highly conserved family of 
pathogen-associated molecular pattern (PAMP) receptors, which can effi ciently 
identify microbiological agents and trigger the earliest infl ammatory response. 

 However, when apoptotic clearance is not effective enough, endogenous compo-
nents such as DNA, RNA, or ribonucleoproteins may potentially be recognized by 
specifi c TLRs. Nucleic acid-sensitive TLRs (TLR3, TLR7, TLR8, and TLR9) are of 
interest for SLE pathogenesis, since they bind DNA- or RNA-containing antigens. 
Among these receptors, TLR7 recognizes single-stranded RNA, while TLR9 is con-
sidered very effi cient in binding unmethylated CpG DNA, both of which are typical 
of viral genomic material [ 25 ]. 

 The strategic location of nuclear-sensitive TLRs inside the cell usually mini-
mizes accidental exposure to endogenous material, so intracellular TLRs are usually 
activated only by viral- or microbiological-derived DNA or RNA, in particular 
when they are conjugated with antibodies in the form of immune complexes (ICs). 

 A second cascade signal coming from an Fc receptor is required to amplify the 
immunological response. This mechanism is especially relevant in SLE, a condi-
tion in which autoantibodies to nuclear antigens are abundantly detected. Many 
different ICs can activate pDCs, but RNA-containing ICs are probably the best 
inducers of IFN-alpha secretion owing to the simultaneous recruitment of Fc 
receptors and intracytosolic TLRs. Both TLR7 and TLR9 effi ciently stimulate the 
production of type I interferon from pDCs using adaptor molecules such as 
MyD88, an intracellular protein that is critical for IFN-alpha secretion. Increased 
circulating levels of endogenous DNA, RNA, and nuclear proteins have been 
observed in predisposed subjects. This apoptotic-derived material or nucleoma is 
able to activate the IFN- alpha system through TLR7 and TLR9 [ 26 ]. It has been 
also found that HMGB1- DNA compounds and immune complex-containing 
snRNA can directly activate TLR7 and TLR9 in pDCs in a manner similar to viral 
RNA or DNA. 

 The defective apoptotic clearance explains the gap between apoptosis, apoptotic 
cellular fragments containing nuclear material accumulation, and IFN-alpha pro-
duction by pDCs [ 27 ]. 

 Unlike myeloid dendritic cells (mDCs), pDCs effi ciently recognize immune 
complex containing apoptotic material and are very effi cient in producing large 
amounts of IFN-alpha in response to autoantigen recognition. Although any cell is 
able to produce type I IFN-alpha in response to certain viral stimuli, pDCs are 
undoubtedly considered the main producers of this type of cytokine, which indeed 
encompasses 13 different IFN-alpha isoforms as well as other IFNs. IFN-alpha 
determines the downstream activation of interferon regulatory factor 5, a transcrip-
tion factor of pDCs, and the subsequent link to promoter regions and transcription 
of IFN-alpha target genes [ 28 ]. 
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3.4.1     Modulation of IFN-I Signaling 

 The type I IFN family is characterized by several immunological functions including 
promotion of B-cell differentiation, immunoglobulin class switch, production of 
autoantibodies, and increase in activated B- and T-cell survival. IFN-alpha is endowed 
with pleiotropic effects to target cells. It activates monocytes, NK cells, cytotoxic 
CD8+, and CD4 Th1 and induces autoantibody production by B-cell potentiating 
antiviral response. Conversely, T regs  are usually suppressed by INF- alpha. IFN-gene 
signature has also been detected in several tissues obtained from SLE patients, such 
as glomerular, synovial, and cutaneous tissues suggesting a pathogenetic role of type 
I IFN family in almost all target organs in SLE [ 29 ]. Moreover, lupus-like syndrome 
is a very well-known complication of recombinant IFN-alpha therapy administered 
for chronic viral hepatitis or during cancer immunotherapy [ 30 ]. 

 Under normal circumstances, IFN-alpha release is usually triggered by viral par-
ticles through a time-regulated process which is turned off when the infection resolves. 
This is not the case with SLE since IFN release is independent on viral stimulus [ 31 ].  

3.4.2     NETosis 

 The possible role of neutrophils, the most abundant leukocytes in humans, has been 
recently suggested in the pathogenesis of SLE. Neutrophils are typically recruited 
to infection sites during the early phases of infl ammatory response and are consid-
ered an effective defense against bacterial and fungal infections. They are able to 
kill pathogens through phagocytosis and release of highly reactive oxygen species 
or cytotoxic molecules contained in the cytoplasmic granules. Besides, another kill-
ing modality has recently been proposed. Neutrophil extracellular traps (NETs) are 
meshwork structures containing chromatin and peptides with antimicrobial activity, 
which are externally released from dying cells [ 32 ]. This specifi c form of neutrophil 
PCD, called NETosis, has been implicated in the pathogenesis of autoimmune dis-
eases [ 33 ]. NETosis is a specialized form of cell death that occurs primarily in 
neutrophils, characterized by NETs’ release. NETs comprise a mesh of DNA and 
histones, as well as the content of cytoplasmic granules and other mediators. 
Neutrophil-derived structures containing a signifi cant amount of DNA and ribonu-
cleoproteins could potentially stimulate pDCs (via TLR9) to produce signifi cant 
amounts of IFN-alpha, similarly to apoptotic-derived nuclear material [ 34 ]. 
Interestingly, neutrophil hyperactivation and NET release have been recently linked 
to an increased risk of developing deep venous thrombosis in systemic vasculitis 
and other autoimmune diseases [ 35 ].   

3.5     Adaptive or Acquired Immunity in SLE: Focus on T Cells 

 Both CD4+ or “helper” and CD8+ or “cytotoxic” T cells have been traditionally 
considered key players in SLE pathogenesis and infl ammation. 
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 CD4+ T helper  cells can be subdivided into Th1 and Th2, depending on the pattern 
of cytokine production and their immunological functions (mainly allergic reactions 
for Th2 and defense against infections for Th1). IL-12 is the main cytokine driving 
the differentiation of naïve CD4+ T cells into Th1 cells, which primarily produce 
IFN-gamma, IL-2, and TNF-alpha. On the other hand, IL-4, IL-5, and IL-13 cyto-
kines produced by Th2 lymphocytes are involved in several T- and B-cell functions 
including proliferation, activation, and isotype switching. 

 Previous studies suggested that SLE was a Th2-driven disease since increased 
levels of IL-10 and IL-4 are usually detected in the lymphocytes isolated from SLE 
patients [ 36 ]. Subsequently, increased levels of both Th1 and Th2 cytokines have 
been described in humans and mice, underlying the complex heterogeneity of SLE 
that probably determines the diversity of lymphocyte subsets in the involvement of 
various organs. 

 Th1 lymphocytes are probably the key drivers of the infl ammatory process in lupus 
nephritis (LN) [ 37 ]. Moreover, T-cell receptor (TCR) hyperactivation after interaction 
with the MHC-antigen complex has been reported in patients with SLE [ 38 ]. 

 Th17 cells are a new subset of T lymphocytes that have been involved in the 
pathogenesis of a broad spectrum of autoimmune diseases, in particular rheumatoid 
arthritis, seronegative spondyloarthritis, and infl ammatory bowel diseases [ 39 ]. 
They are generated after stimulation of naïve T cells with TGF-beta, IL-6, and 
IL-23. All these factors act together in preventing the switch of naïve T cells to a 
Th1 phenotype [ 40 ]. Interestingly, besides maintaining ongoing infl ammation in 
target tissues, Th17 cells determine a concomitant downregulation of T reg  function 
and development [ 41 ]. Th17 cells and cytokines of the IL-17 family have also been 
shown to play a crucial role in SLE, and Th17 cells have been detected in the glo-
merular tissue of patients with active LN [ 42 ]. 

 Recently, Savino et al. showed both in mice and in humans a possible role in SLE 
pathogenesis for Rai, a member of the Src homology 2 domain adapter family. Rai 
(−/−) mice develop a lupus-like phenotype with spontaneous activation of self- 
reactive lymphocytes. Moreover, it has been demonstrated that Rai (−/−) mice pres-
ent Th1 and Th17 cell infi ltrates in the kidneys, suggesting that Rai knockout mice 
(−/−) are more susceptible than normal mice to LN. Finally, a defect in Rai expres-
sion has been shown in T cells derived from SLE patients [ 43 ]. 

 In summary, several studies on regulatory T cells showed their potential role in 
the breakdown of immune tolerance, since both quantitative and qualitative abnor-
malities of peripheral regulatory T lymphocytes (CD4+ CD25 +  high ) have been 
described in SLE [ 44 ,  45 ].  

3.6     Adaptive or Acquired Immunity in SLE: Focus on B Cells 

 Considerable data has been collected regarding the function of B cells and their role 
in both infl ammation and in autoimmune diseases [ 46 ]. 

 B-lymphocyte involvement in SLE pathogenesis has traditionally been consid-
ered in the light of the production of circulating autoantibodies that are typical of 
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SLE and connective tissue diseases in a broad sense. Noteworthy, such autoantibod-
ies, which are pathogenetic in most cases, are useful to clinicians in the diagnostic 
work-up and in follow-up [ 47 ]. B lymphocytes have been considered fundamental, 
because of the production of autoantibodies against soluble and cellular compo-
nents, such as nuclear antigens. However, the role of B cells in autoimmune diseases 
has recently widely investigated. B lymphocytes are now considered important 
players of adaptive immunity in the complex chessboard of SLE pathogenesis. It is 
acknowledged that besides secreting autoantibodies, B lymphocytes effi ciently 
present autoantigens and activate T cells. Therefore, they deeply infl uence T-cell 
function and activation [ 48 ]. 

 B lymphocytes are classifi ed into two main lineages: B1 and B2 cells. B1 lym-
phocytes are generated both in the bone marrow and in fetal liver. They are also 
thought to play a role in removing apoptotic material and debris by linking innate 
and adaptive immunity together. On the other hand, B2 cells are generated exclu-
sively in the bone marrow, where autoreactive cells are fi rst removed (central toler-
ance), and then undergo further selection in the spleen microenvironment (peripheral 
tolerance). After this initial step, B2 cells may follow two different paths. They can 
become mature follicular cells, migrating to the secondary lymphoid organs and 
waiting for T-cell-dependent activation, and then they ultimately evolve into plasma 
cells or memory B cells. Alternatively, B2 cells can colonize the marginal zone 
(MZ) of the spleen becoming MZ B2 cells, which, similarly to B1 cells, are able to 
respond to antigens regardless of T-cell help [ 49 ]. 

 Although the role of MZ B cells in lupus is still controversial, they are probably 
involved in some autoimmune cellular responses, such as autoimmune thrombocy-
topenia, a condition for which splenectomy is usually benefi cial [ 50 ]. An increased 
number of MZ B cells have been detected using the NZB/WF1 mouse model of 
SLE, suggesting an important role for these B lymphocytes in SLE pathogenesis 
[ 51 ]. Interestingly, IFN-alpha is a potent driver of MZ B-cell activation and an effi -
cient enhancer of the co-stimulatory function, making the MZ B cell an important 
player in the autoantibody response to nuclear autoantigens in the context of pDC 
hyperactivation [ 52 ]. 

 Lastly, B cells can produce important cytokines, such as IL-6 and TNF-alpha and 
IL-1, therefore contributing signifi cantly to maintaining and amplifying the infl am-
matory process in SLE. Interestingly, and similar to T cells, BCR hyperactivation 
has also been described in the B lymphocytes of SLE patients, with increased phos-
phorylation of several signaling molecules and abnormal calcium infl ux after anti-
gen recognition [ 53 ,  54 ]. 

 Recently, a regulatory activity has also been described for a subset B lympho-
cytes. The term  regulatory B cells  or simply  B   reg   has been used when referring to 
such cells [ 55 ]. The recently described CD24 high CD27 ++ B population probably 
includes the large proportion of human B reg . The main function of regulatory B cells 
is to produce IL-10, and currently the identifi cation of this cytokine by intracellular 
staining is the preferred method for isolating B reg  [ 56 ]. The immunosuppressive 
properties of IL-10 have been described in animal models of collagen-induced 
arthritis and experimental autoimmune encephalitis. However, the role of IL-10 in 
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SLE is still controversial since both activating and immunosuppressive properties 
have been attributed to this cytokine. 

 Despite such premises, IL-10 is currently regarded mainly as an immunosuppres-
sive cytokine, especially in SLE, and B reg  is probably one of the main sources [ 57 ]. 

 Interestingly, after depletion of B cells using the anti-CD20 monoclonal antibody 
rituximab, the subsequent repopulation phase is probably constituted mainly of 
regulatory B cells, and this is especially true in patients who achieve good clinical 
response after rituximab [ 58 ]. However, further data are necessary to better clarify 
the role of B reg  cells and IL-10 in SLE pathogenesis. 

 In conclusion, as far as the role of lymphocytes in SLE pathogenesis is con-
cerned, the  T - lymphocyte centric hypothesis  has recently been counterbalanced with 
a newer  B - lymphocyte centric theory , which has been mainly supported by emerg-
ing data from the effects of B-cell target therapies [ 59 ].     
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  4      Systemic Lupus Erythematosus: 
Clinical Aspects                     

       Savino     Sciascia      and     Maria     Josè     Cuadrado    

4.1             Introduction 

 Systemic lupus erythematosus (SLE) is a multisystem autoimmune disorder that 
results from a combination of genetic, environmental, and hormonal factors. The 
disease is characterized by a heterogeneous clinical presentation, a different course 
in different individuals, and a variability in the disease progression/fl uctuations 
within the same patient. 

 Patients with SLE are mostly young women, adolescents, and some ethnic 
groups are more prone to a severe course of disease. The unpredictable and fl uctuat-
ing fl ares of disease, the need for long-term treatment, and the side effects and dam-
age caused by the disease itself severely reduce quality of life (QoL). 

 The clinical picture of SLE is extremely variable and may be related to disease 
activity, organ damage, drug toxicity, and quality of life. Assessment of patients 
with SLE in clinical practice relies upon the experience of the treating doctor and 
thus is subject to great variability between centers and between doctors. Several 
indices have been developed and validated to measure these parameters. Although 
there are some concerns about feasibility, the use of validated indices facilitates the 
collection of relevant data that otherwise may be overlooked. It is currently accepted 

mailto:savino.sciascia@unito.it
mailto:mjcuadrado@yahoo.com


36

that assessment of patients with SLE cannot be accomplished with a single index. 
Formal evaluation of three aspects of the disease, disease activity, disease damage, 
and patient-related quality of life is required. 

 No data are available in the literature to suggest an optimal frequency of clinical 
and laboratory assessment in patients with SLE. The European League Against 
Rheumatism (EULAR) made some recommendations for monitoring patients with 
SLE in clinical practice and in observational studies [ 1 ,  2 ]. The committee arbi-
trarily agreed on the need to assess patients with inactive disease, in the absence of 
organ damage and comorbidities, every 6–12 months. Patients with active disease 
should be assessed as often as necessary to evaluate the response to medication of 
clinical features as well as laboratory parameters. 

 Despite the heterogeneity of clinical presentation, a classifi cation attempt can be 
done in order to establish some therapeutic approaches. Clinical features of SLE can 
be considered mild, moderate, or severe depending on the impact they can have in 
the patients’ life. 

 This chapter aims to provide a critical overview on SLE clinical manifestations 
according to their severity. Specifi c features such as new insights into classifi cation 
criteria and recent advances on cardiovascular risk, antiphospholipid syndrome, and 
QoL are also discussed.  

4.2     Revised Classification Criteria 

 Recently, a major development has been the publication of the Systemic Lupus 
International Collaborating Clinics (SLICC) classifi cation criteria [ 3 ]. This clas-
sifi cation aimed to rationalize the clinical criteria and provided a modest expan-
sion in recognized laboratory abnormalities (Table  4.1 ). One of the major 
differences when compared to the American College of Rheumatology 
Classifi cation criteria is that biopsy-proven nephritis compatible with SLE in the 
presence of antinuclear or anti-double- stranded DNA antibodies in the absence of 
other lupus features is regarded as suffi cient for a patient to be diagnosed as hav-
ing SLE. The symptoms and laboratory abnormalities are cumulative and need not 
to be present concurrently.

4.3        Clinical Classification 

4.3.1     Mild SLE 

 We can consider SLE mild when patients suffered with conditions that do not 
threaten their life and do not have a big impact in their health and quality of life. 
Mild skin involvement, arthralgia, fatigue, fi bromyalgia, and mood disorders could 
be some of these symptoms. These manifestations are usually controlled with 
hydroxychloroquine. Skin and join involvements are discussed separately in this 
volume. 
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 Fatigue is a common and often crippling symptom experienced by about 85–92 % 
of patients with SLE, with 50 % rating it as the most disabling symptom [ 4 ]. Indeed, 
it deeply impacts on QoL in SLE patients [ 5 ]. The pathophysiological mechanisms 
of SLE-related fatigue are probably multifactorial. Psychological domains such as 
mood disorders, poor sleep quality, anxiety, and chronic pain syndrome play a pre-
dominant role, and they have shown consistent associations with fatigue in SLE 
[ 6 ,  7 ]. Fatigue is usually poorly responsive to standard treatment for SLE and 
remains an unmet need. However, gentle exercise programs have been reported to 
have a positive impact on fatigue among SLE patients [ 8 ]. 

 Fibromyalgia is a chronic pain disorder characterized by diffuse generalized 
pain, often associated with fatigue, anxiety, and sleep disturbances. The prevalence 
of fi bromyalgia is much higher in autoimmune conditions to include SLE patients, 

   Table 4.1    Clinical and immunological criteria used in the Systemic Lupus International 
Collaborating Clinics (SLICC) classifi cation system   

  Clinical criteria  

 1.   Acute cutaneous lupus, including lupus malar rash, bullous lupus, toxic epidermal 
necrolysis variant of systemic lupus erythematosus, maculopapular lupus rash, 
photosensitive lupus rash, or subacute cutaneous lupus (psoriasiform or annular polycyclic 
lesions or both) 

 2.   Chronic cutaneous lupus, including classic discoid rash (localized and generalized), 
hypertrophic lupus, lupus panniculitis, mucosal lupus, lupus erythematosus tumidus, 
chilblains lupus, and discoid lupus/lichen planus overlap 

 3.  Oral ulcers or nasal ulcers 

 4.  Non-scarring alopecia 

 5.  Synovitis involving two or more joints and at least 30 min of morning stiffness 

 6.  Serositis 

 7.   Renal (urine protein-to-creatinine ratio [or 24-h urine protein]) representing 500 mg 
protein per 24-h or red blood cell casts 

 8.   Neurological: seizures, psychosis, mononeuritis multiplex, myelitis, peripheral and cranial 
neuropathy, acute confusional state 

 9.  Hemolytic anemia 

 10.  Leukopenia (<4000 cells per μL at least once) or lymphopenia (<1000 cells per μL at least 
once) 

 11. Thrombocytopenia (<100,000 cells per μL) at least once 

  Immunological criteria  

 1.  Antinuclear antibody concentration greater than laboratory reference range 

 2.  Anti-double-stranded DNA antibody concentration greater than laboratory reference range 
(or twofold the reference range if tested by ELISA) 

 3. Anti-Sm: presence of antibody to Sm nuclear antigen 

 4.  Antiphospholipid antibody positivity as determined by any of the following: positive test 
result for lupus anticoagulant, false-positive test result for rapid plasma reagin, medium-titer 
or high-titer anticardiolipin antibody concentration (IgA, IgG, or IgM), or positive test result 
for anti-2-glycoprotein I (IgA, IgG, or IgM) 

 5. Low complement C3, low C4, low CH50 

 6. Direct Coombs’ test in the absence of hemolytic anemia 
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when compared with the general population [ 9 ]. Fibromyalgia in SLE impacts QoL 
and correlates with psychosomatic and affective symptoms but not with disease 
activity or damage [ 9 – 11 ]. The widespread pain of concomitant fi bromyalgia can 
represent a diagnostic challenge for the physician, leading to potential overtreat-
ment if symptoms are mistaken for SLE disease activity. 

 Mood disturbances (mainly depression) are very common in patients with SLE 
[ 12 ,  13 ]. Depression may backside fatigue and cognitive dysfunction, contributing 
to a lower QoL in patients with SLE [ 14 – 16 ]. Although psychological effects of 
dealing with a chronic disease may contribute to the high prevalence of depression, 
disease-specifi c mechanisms probably can also play a signifi cant role. Associations 
with specifi c antibodies and alterations in cerebral blood fl ow have been reported in 
depressed SLE patients [ 17 ,  18 ]. However, the data are not conclusive and depres-
sion in patients with SLE should be treated with conventional measures similar to 
the general population.   

4.4     Moderate SLE 

 Previous symptoms if persists or are limiting patients’ life in some way plus the 
presence of serositis, moderate lung involvement, and hematological involvement 
might be classifi ed as moderate SLE. In details, moderate lung involvement includes 
pleuritis, abnormalities in diffusion as tested by diffusing capacity for carbon mon-
oxide (DLCO), and mild fi brosis, while pulmonary hemorrhage and pulmonary 
hypertension severely impact on prognosis in patients with SLE. Similarly, from the 
cardiological perspective, patients with noncomplicated pericarditis and mild valve 
involvement may be classifi ed as having moderate SLE; however, heart involvement 
can be life threatening when complicated pericarditis or myocarditis occurs. 

4.4.1     Hematological Involvement 

 Hematological involvement is common in SLE and no specifi c treatment is neces-
sary in mild asymptomatic cases, but close monitoring of cytopenia is warranted in 
most patients. Any signifi cant changes in previous stable cell lineage parameters 
should be considered to be an indication of SLE fl are and will need close investiga-
tion and monitoring. A detailed medical history for possible drug-induced myelo-
suppression should be part of the evaluation in order to identify all medications 
potentially interfering with bone marrow function. 

 There are various immune cytopenias associated with SLE. The most common is 
anemia. There are different etiologies for the anemia in SLE, to include chronic 
disease, renal insuffi ciency, hemorrhage, and drug-induced or autoimmune hemoly-
sis. Red cell aplasia, aplastic anemia, and microangiopathic hemolytic anemia 
should be also mentioned. 

 Anemia of chronic disorder is the most common type of anemia in SLE, but 
autoimmune hemolytic anemia (AIHA) with high reticulocyte count is an SLE 
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diagnostic criteria. Treatment of the anemia would be according to the cause. 
Glucocorticoids are the main treatment of AIHA, and about 96 % of patients have 
initial response to glucocorticoids, but rituximab, cyclosporine, IVIg, and cyclo-
phosphamide have successfully been used in selective cases.  

4.4.2     Leukopenia 

 Leukopenia is a well-known hematologic complication associated with SLE, and in 
majority of cases, no treatment is required. For classifi cation purpose in SLE, leu-
kopenia is defi ned as <4000/mm 3  on two or more occasions (according to the ACR 
and SLICC criteria). The pathogenic mechanisms of SLE itself, and several other 
factors to include immunosuppressive drugs, may contribute toward low white cell 
count in SLE patients. Leukopenia constitutes a paucity of granulocytes as well as 
lymphocytes, yet a greater absolute defi ciency of granulocytes than lymphocytes is 
usually found [ 19 ]. 

 Lymphopenia is common and T-cell lymphopenia is the most common type of 
lymphopenias, and absolute lymphopenia correlates with SLE activity and high 
DNA antibody titers. Lymphopenia per se can predispose to autoimmunity and can 
also be a consequence of disease activity in the setting of active SLE. Concomitant 
lymphopenia and thrombocytopenia are highly indicative of disease activity rather 
than as a cause for autoimmunity [ 19 ]. Lymphopenia is defi ned as <1.5 × 109 
lymphocytes/L on two or more occasions according to current classifi cation criteria. 
Low lymphocyte counts commonly occur in SLE with a prevalence ranging from 
20 % to more than 90 % [ 19 ]. Lymphopenia is observed frequently in patients with 
active or severe disease [ 20 ,  21 ], and lymphocyte levels may fl uctuate during the 
clinical course, irrespective of treatment [ 21 ]. 

 Presence of lymphopenia may be clinically silent or associated with infections 
and/or active SLE. Data on the increased risk of infection are controversial and are 
complicated by the use of immunosuppressive therapies. Ethnicity may also play a 
role in explaining the heterogeneous results. However, glucocorticoids and immu-
nosuppressive drugs may contribute to the lymphopenia in severe disease. In about 
10 % of patients with SLE, lymphopenia can be quite striking with values 
<0.5 × 109/L. Lymphopenia usually occurs independently of neutropenia. 

 Neutropenia is usually defi ned as an absolute neutrophil count <1000 cells/mm 3 . 
Although leukopenia occurs in about half of patients with SLE, WBC count <1000/
mm is observed in about 15 % of the patients [ 22 ,  23 ]. The defi nition of a low WBC 
and/or low neutrophil count is complicated by the presence of benign ethnic neutro-
penia in many (25–50 %) persons of sub-Saharan African heritage [ 24 ]. In individu-
als with this condition, an abnormally low neutrophil count is not easily defi nable. 
Neutropenia is less common but may be associated with signifi cant systemic infec-
tion when compared to lymphopenia. However, moderate/severe neutropenia (neu-
trophil count <1000/μL) is not a common hematologic fi nding in patients with 
SLE. Several mechanisms are responsible in inducing neutropenia, to include drug 
toxicity and disease activity.  
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4.4.3     Thrombocytopenia 

 Thrombocytopenia is a common and well-described manifestation of SLE directly 
related with morbidity and mortality. According to ACR classifi cation criteria and 
the new SLICC criteria for SLE, the defi nition of thrombocytopenia is a platelet 
count <100,000/mm 3  (or 100 × 109/L) without any other identifi able cause. It is 
worth noting that distinguishing from thrombocytopenia as a result of pharmaco-
logical therapy may be especially diffi cult in patients with SLE. A careful examina-
tion of the peripheral blood smear looking for platelet aggregation and adherence to 
leukocytes may be helpful in recognizing pseudothrombocytopenia. 
Thrombocytopenia in patients with SLE can be thought of generally in two catego-
ries [ 25 ,  26 ]. One group of patients has thrombocytopenia as part of an SLE fl are. In 
this setting, thrombocytopenia can be severe with the danger of life-threatening 
hemorrhage. The platelet count in these patients usually responds acutely to treat-
ment with glucocorticoids. The other group of patients with SLE with low platelet 
count has a more chronic form that may present even when the disease is quiescent. 
In these patients, the glucocorticoid therapy may be less effective. However, they 
are also more likely to have only a modest decrease in the platelet count that may 
not require specifi c therapy. 

 There are growing evidences that thrombocytopenia in SLE is related to the 
presence of at least two types of autoantibodies, anti GPIIb/IIIa and anti-thrombo-
poietin receptor antibodies. Of importance of these two different autoantibodies is 
thrombocytopenia of patients with anti-thrombopoietin receptor antibody, which 
is less responsive to IVIg. It has been suggested that on the basis of presence of 
one of these autoantibodies or both, there are two different subsets of SLE patients 
with thrombocytopenia [ 26 ]. Corticosteroids are the fi rst modality of treatment in 
SLE- associated thrombocytopenia, and about 20 % of patients have long-term 
remission. Intravenous pulse corticosteroid therapy is an alternative in unrespon-
sive cases. Immunosuppressive drugs usually should be considered when initial 
treatment with steroids is not effective or if a dose higher that 10 m/daily of pred-
nisone is required as maintenance therapy [ 27 ]. There are some emerging studies 
that show that rituximab and mycophenolate may be helpful in lupus-related 
thrombocytopenia.   

4.5     Severe SLE 

 We can consider SLE severe when patients suffered with one or more major organ 
involvement potentially leading to life-threatening condition and/or having a big 
impact in their health and quality of life. Organ damage (due to both previous dis-
ease activity and/or drug toxicity) plays also a crucial role in this setting. Lupus 
nephritis (LN), neuropsychiatric SLE (NPSLE), cardiovascular involvement (myo-
carditis or events happening in the context of the antiphopsholipid syndrome (APS)), 
and infections are some of the conditions affecting patients with severe SLE. LN 
and NPSLE are discussed separately in this volume. 
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4.5.1     Lung Involvement 

 The involvement of the respiratory system is frequent, being pleuropulmonary man-
ifestations present in almost half of the patients during the disease course. Pleurisy, 
coughing, and/or dyspnea are the most frequent symptoms. However, they are rarely 
the presenting symptoms of SLE. In some cases, however, abnormal pulmonary 
function tests (PFTs), including DLCO and/or abnormal chest radiographs, may 
present in asymptomatic patients. Pleuritis with or without pleural effusion and 
interstitial lung disease are usually mild to moderate symptoms in patients with 
SLE; conversely, lupus pneumonitis and alveolitis, pulmonary hemorrhage, pulmo-
nary arterial hypertension, and pulmonary thromboembolic disease may severely 
impact on prognosis of patients with SLE as they can be life threatening. 
Complications due to secondary causes include pleuropulmonary manifestations of 
cardiac and renal failure, atelectasis due to diaphragmatic dysfunction, opportunis-
tic pneumonia, and drug toxicity. The prevalence, clinical presentation, prognosis, 
and response to treatment vary, depending on the pattern of involvement. Pulmonary 
abnormalities usually do not correlate with makers of SLE activity (complement 
levels, or autoantibody levels such as anti-double-stranded DNA (dsDNA) and anti-
 Sm). Patients with SLE and lung involvement must always be evaluated for infec-
tion, particularly that due to bacteria or viruses. Given that many are 
immunocompromised, tuberculosis, fungal infections, and other opportunistic 
infections should also be considered.  

4.5.2     Cardiac Involvement 

 Cardiac involvement is frequent in SLE, being as high as 50 % in some studies [ 28 ]. 
Any part of the heart can be affected, including the pericardium, myocardium, coro-
nary arteries, valves, and the conduction system. In addition to pericarditis and 
myocarditis, a high incidence of CAD has become increasingly recognized as a 
cause of mortality. 

 In the past, cardiac manifestations were severe, often leading to death, and they 
were frequently found in postmortem examinations. Nowadays, thanks to early 
diagnosis, cardiac manifestations are often milder and asymptomatic, and they can 
be recognized by echocardiography and other noninvasive tests [ 29 ]. 

 Pericarditis is a well-described cardiovascular manifestation of SLE, although 
often not evident clinically, and it is included in the ACR classifi cation criteria for 
SLE. Pericarditis can be acute or chronic, and it appears more frequently at SLE 
onset or during SLE fl ares, although it can occur at any time of the disease [ 29 ]. 
Pericardial involvement usually occurs as an isolated attack or as recurrent episodes 
[ 30 ]. Clinical (symptomatic) pericarditis is estimated to occur in 25 % of SLE 
patients at some point in the course of their disease. Asymptomatic pericardial effu-
sion is clearly more common than clinical pericarditis [ 31 ]. Coexistent pleurisy, 
effusion, or both are common [ 32 ]. Complications of pericarditis, such as cardiac 
tamponade, constrictive pericarditis, and purulent pericarditis, are rare. 

4 Systemic Lupus Erythematosus: Clinical Aspects



42

 Myocarditis is a potentially severe feature of myocardial involvement in SLE 
and myocardial involvement ranges from 3 % to 15 %, although it appears to be 
much more common in autopsy studies, suggesting the largely subclinical nature of 
lupus-associated myocarditis [ 33 ]. 

 Signs and symptoms (including dyspnea, tachycardia, arrhythmias) do not differ 
from those of myocarditis due to other causes. A progression to ventricular dysfunc-
tion, dilated cardiomyopathy, and heart failure can occur. Cardiac enzymes may be 
normal and there are no typical fi ndings on ECG. 

 Myocarditis is a potentially life-threatening condition and has to be treated 
immediately with high-dose steroids; in the most severe forms, it is necessary to use 
intravenous pulse corticosteroid followed by high oral doses. The addition of immu-
nosuppressant such as azathioprine, cyclophosphamide, or intravenous immuno-
globulines (IVIG) may be helpful in [ 34 ]. 

 Heart valve abnormalities including vegetations and/or thickening are the 
most frequent cardiac manifestations of SLE, especially when associated to 
APS. These alterations were known as Libman–Sacks endocarditis, a verrucous 
endocarditis of valve leafl ets, papillary muscles, and mural endocardium, origi-
nally described in SLE patients [ 28 ]. Valvular disease is usually mild and 
asymptomatic. Usually, less than 5 % of the patients with SLE, mainly those 
with antiphospholipid antibodies, develop valve disease severe enough to con-
sider surgical treatment. 

 The valvular abnormalities resulting from Libman–Sacks lesions may predis-
pose patients to bacterial endocarditis, so prophylactic antibiotics should be used for 
dental or surgical procedures with an increased risk of transient bacteremia.  

4.5.3     Antiphospholipid Syndrome 

 APS can be an isolated disease or can be associated with SLE. It is characterized by 
recurrent venous or arterial thrombosis and/or pregnancy morbidity and persistent 
presence of antiphospholipid antibodies (aPL). Although 30–40 % of patients with 
lupus have aPL, the APS complicates only 10–15 % of cases of SLE. More than 40 
aPL have been described so far, but only three are used currently for the confi rma-
tion of diagnosis [ 35 ]. Triple positivity for lupus anticoagulant, anticardiolipin anti-
bodies, and anti-β2-glycoprotein 1 antibodies (at least one must be positive for the 
diagnosis of APS on two or more occasions 12 weeks apart) [ 36 ] has a strong asso-
ciation with the clinical symptoms of this syndrome. 

 APS has a broad range of clinical features, refl ecting the site of thrombosis. 
The therapeutic approach to APS is mainly centered on modifi cation of the gen-
eral risk factors for thrombosis and use of antiplatelet and anticoagulant agents, 
notably heparin or warfarin [ 37 ]. However, the use of the new oral anticoagu-
lants (namely, rivaroxaban, an inhibitor of factor Xa) is currently under investi-
gation [ 38 ]. 

 Statins are a very attractive addition to the drug regimen used for treatment of 
APS due to their anti-infl ammatory/thrombotic effects [ 39 ].   
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4.6     Infection and Disease Activity 

 Infection is a common problem in SLE and is one of the main causes of mortality. 
Immunological dysfunction may play a critical role in the susceptibility to infec-
tions in patients with SLE [ 40 ]. Furthermore, immunosuppressive agents (mainly 
glucocorticoids) used in the treatment of moderate and severe lupus increase the 
risk of infections including opportunistic agents. Infections may mimic lupus fl are, 
leading to confusion over the diagnosis and adequate treatment. It can be extremely 
diffi cult to distinguish between infection and disease exacerbation in some cases. 
Moreover, some infections may produce a systemic infection mimicking SLE, 
either superimposed or trigger a fl are [ 41 ,  42 ]. 

 Several studies evaluated characteristics of major infections in SLE patients 
requiring hospitalization [ 43 – 45 ]. According to these studies, acquired pneumonia, 
urinary tract infection, and vaginal infection are the most common infections in 
patients with SLE. Infections are usually attributed to the same pathogens as in the 
general population. Of note, some patients may develop tuberculosis. However, 
despite the pathogens often being the same as the general population, the clinical 
manifestations of the infections can be atypical, due to an abnormal immunological 
response or to ongoing treatment. Careful evaluation and timely collection of the 
specimens for bacterial culture are crucial to avoid misdiagnosis. 

 Viral, fungal, and protozoan infections can also occur. Rarely, multiple organ-
isms can be detected [ 44 ]. 

 In an outpatient setting, infections are usually non-life threatening and it has 
been reported that they are associated with disease activity only, independently of 
sociodemographic and therapeutic factors [ 42 ]. Infection in SLE can occasionally 
require hospitalization, especially when concomitant with a fl are (mainly involving 
the kidney or central nervous system) or when therapy with steroids or immunosup-
pressive drugs is ongoing [ 46 ]. 

 Infections are diagnosed by clinical features and positive cultures and/or response 
to antibiotic therapy. When cultures of bacterial isolates are negative or not avail-
able, diagnosis of infection relies on clinical fi ndings, which can mimic a lupus 
fl are. Physicians have to make treatment decisions based on clinical judgment as no 
laboratory parameters are totally reliable to distinguish between active disease and 
infection. In some patients, both situations can coexist making the diagnosis and 
therapeutic approach a real challenge.     
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      Autoantibodies and Biomarkers: 
Diagnostic Aspects                     

       Savino     Sciascia      and     Maria     Laura     Bertolaccini   

         Autoantibodies, traditionally the hallmark of systemic lupus erythematosus (SLE), 
are typically present several years prior to diagnosis of SLE [ 1 ] and serve as mark-
ers for future disease development in otherwise normal individuals [ 2 ]. 
Autoantibodies frequently target intracellular antigens of the cell nucleus (double- 
and single-stranded DNA (dsDNA and ssDNA, respectively), histones, and extract-
able nuclear antigens (ENAs). These autoantibodies are usually polyclonal and 
heterogeneous in terms of isotype, affi nity, and avidity. They have various specifi ci-
ties for SLE and might be produced nonspecifi cally as a result of polyclonal B-cell 
activation in other autoimmune conditions or during infections. 

 Autoantibody positivity is part of the 1982 American Rheumatism Association 
(ARA) [ 3 ] and the updated 1997 American College of Rheumatology [ 4 ] classifi ca-
tion criteria for SLE. 

 The methods for detecting autoantibodies play a crucial role in the diagnosis of 
SLE, as the particular assay used remarkably infl uences the interpretation of the 
test. Gel precipitation assays, enzyme-linked immunosorbent assay (ELISA), 
 Crithidia luciliae  indirect immunofl uorescence (CLIF), western blotting (WB) [ 5 , 
 6 ], and the Farr immunoprecipitation assays are some of the common assays used in 
the detection of autoantibodies in lupus. All assays require careful validation to 
determine whether they perform adequately in detecting human autoantibodies. 

 An ideal diagnostic test should be sensitive (detects all those with SLE), specifi c 
(detects only those with SLE), and have high positive and negative predictive val-
ues. In addition, ideally, test results should refl ect SLE disease activity, or predict 
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fl are, thus allowing preemptive management. Currently, most of these tasks are not 
seen with any test. 

 Correct diagnosis requires an integration of the patient’s symptoms, physical 
examination fi ndings, and the results of multiple diagnostic testing. 

 In this chapter, we offer the reader an overview of the autoantibodies most com-
monly used in routine clinical practice.  

5.1     Antinuclear Antibodies (ANA) 

 Antinuclear antibodies (ANA) are a diverse group of antibodies that target nuclear 
antigens. These antigens are present in all nucleated cells and have a role in tran-
scription or translation, in the cell cycle, or as structural proteins. Most clinically 
relevant ANA are of the IgG subclass with the detection of IgM usually reducing the 
clinical utility of the test [ 7 ]. 

 Nearly all patients with SLE have ANA while most ANA-positive individu-
als do not have SLE. The most common screening test is IIF on human epithe-
lial (HEp-2) tissue [ 8 ], although IIF on rodent liver or ELISA tests are also 
available [ 9 ]. 

 In brief, in the IIF ANA test, patient serum is placed on an HEp-2 cell slide. If 
ANA are present, the autoantibodies bind to the specifi c antigen in the nucleus of 
the cell. Subsequently, fl uorescein-labeled antihuman IgG is added, and the cells are 
viewed under a microscope with ultraviolet light excitation. 

 In general, higher ANA titers are more meaningful, particularly in young patients. 
The precision and accuracy of the technique depends on several factors, including 
the assay confi guration, the quality control procedures, and the experience of the 
reader [ 10 ]. 

5.1.1     Clinical Significance 

 Although ANA are very sensitive for SLE, positive ANAs are common, especially 
in elderly individuals [ 11 ,  12 ]. ANA positivity alone is not diagnostic for SLE as 
these antibodies have a low positive predictive value for SLE in unselected popula-
tions or when present in low titers. One in three healthy individuals have detectable 
ANA on HEp-2 cells at a screening dilution of 1/40, and 1 in 20 is positive at 1/160 
[ 10 ]. Although a minority SLE patients were labeled as “ANA negative” [ 13 ] in the 
past, now this scenario is observed very rarely, and the absence of ANA at titers of 
1/160 or less makes SLE very unlikely [ 7 ]. When a patient with high clinical suspi-
cion for SLE is tested negative for ANA, ruling out the possibility of a technical 
artifact is mandatory (Fig.  5.1 ).

   Drug-induced ANA is common and 10 % of SLE-like disease is drug induced 
and potentially reversible. Careful interpretation of the possible clinical relevance of 
an ANA in this context is needed. 
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 Specifi c IIF patterns of ANA refl ecting the types of antigens have been described. 
They include homogenous, speckled, rim, centromere, or nucleolar patterns. ANA 
showing an homogenous nuclear or a speckled nucleoplasmic staining pattern needs 
to be characterized further for specifi c individual antigens, known as extractable 
nuclear antigens or ENA (see ENA section below). 

 A nuclear homogeneous pattern is typically produced by anti-histone while anti- 
RNP, anti-Sm, anti-SS-A/Ro, and anti-SS-B/La most commonly produce a nuclear- 
speckled pattern. It is important to note that anti-SS-a/Ro and anti-SS-B/La can give 
a cytoplasmic or nucleolar pattern as well. Anti-dsDNA antibodies can give a rim 
pattern, also known as peripheral pattern, but this can also be an artifact. Anti- 
ribosomal P antibodies make a cytoplasmic pattern or a cytoplasmic and nucleolar 
pattern. Anti-centromere patterns are associated closely with Raynaud’s phenome-
non and limited scleroderma and are only seen when using Hep-2 as substrate for 
the assay. 

 In summary, when interpreting ANA test results, it would be useful to consider 
the following: (a) a positive IIF-ANA test result is virtually found in all SLE 
patients; (b) a positive IIF-ANA, especially at low titers (1:40 or 1:80) in the absence 
of clinical symptoms compatible with SLE is likely to be false positive; (c) SLE 
diagnosis can be made when IIF-ANA is positive at a reasonable titer always pres-
ent within the appropriate clinical context (e.g., as swollen joints, pericarditis, or 
nephritis); and (d) other autoimmune conditions (i.e., Graves’ disease or Hashimoto’s 
thyroiditis) can cause a positive IIF-ANA. In addition, the false-positive rate 
increases with age.   

Clinical suspicion on SLE

Negative ANA Other ANA pattern

SLE unlikely SLE unlikely

Crithidia luciliae assay
IgG ELISA
FARR

IgG ELISA
or ID/CIE/IB

LA
aCL
anti-β2GPI

If suspected Lupus Nephritis

SLE possible, further
specific immunological tests required

C3
C4

dsDNA ENA aPL Immunoglobulins
anti-C1q Abs

Positive
Homogenous /Rim
Speckled/Centromere/PCNA
ANA

ANA on HEp-2 at 1/80 or higher dilution (establish local threshold) 

  Fig. 5.1    Suggested diagnostic protocol for investigation of suspected SLE       
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5.2     Anti-DNA Antibodies 

 Anti-dsDNA antibodies are associated with SLE as a whole and more frequently 
within a specifi c clinical setting, such as nephritis. Indeed, the presence of anti- 
dsDNA and its titers has been correlated with SLE activity [ 14 ]. 

 The best method for detecting anti-dsDNA is still a matter of debate. The most 
common used techniques are ELISA,  Crithidia luciliae  IIF (CLIF), and Farr immu-
noprecipitation assays. 

  Crithidia luciliae  are hemofl agellates with a giant mitochondrion. The DNA in 
this mitochondrion, known as kinetoplast, serves as the substrate for the demonstra-
tion of antibodies to dsDNA by IIF [ 15 ]. 

 The Farr assay is a quantitative radioimmuno method that detects high-avidity 
antibodies. The serum of the patient is mixed with isotope-labeled DNA. In pres-
ence of anti-DNA antibodies, the immune complex of immunoglobulin and the 
labeled DNA are detectable by precipitation with ammonium sulfate. 

 While the Farr assay shows the best correlation with disease activity and the 
highest specifi city for SLE [ 10 ], both CLIF and Farr techniques have similar sensi-
tivity. The IIF technique is easy to perform, does not require radiolabeled reagents, 
and permits to determine the Ig isotype of antibodies to DNA. In addition, IIF have 
be a minor rate of interference with antibodies to single-stranded DNA (ssDNA) 
when compared to Farr essays [ 10 ]. 

 The anti-dsDNA ELISA is probably one of the most popular techniques for 
determining antibody reactivity toward dsDNA, since this assay system has proven 
high sensitivity and is easy to perform. However, this technique suffers from a poor 
specifi city, and antibody reactivity toward dsDNA in an ELISA system should be 
confi rmed in other anti-dsDNA assays [ 16 ]. 

5.2.1     Clinical Significance of Anti-dsDNA Antibodies 

 Anti-dsDNA are among the most specifi c antibodies in SLE. However, they are not 
particularly sensitive due to the fact that they may be present transiently, occurring 
in only half of the patients with SLE at some point in the course of their disease 
[ 10 ]. Anti-dsDNA autoantibodies can also be detected in other conditions, such as 
autoimmune hepatitis and infections, including syphilis, parasitic infections, and 
bacterial endocarditis. Increasing levels of anti-dsDNA antibody may herald lupus 
fl ares (e.g., lupus nephritis onset or exacerbations), and rises in anti-dsDNA may be 
used as clinical monitoring for relapse [ 17 ].   

5.3     Antibodies to Extractable Nuclear Antigens (ENA) 

 Antibodies that produce speckled patterns in ANA IIF are commonly directed 
against extractable nuclear antigens (ENA) found in the cytoplasm of cultured 
human epithelial cells. Included in this group of ENA are ribonucleoproteins (RNP), 
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Smith (Sm), SS-A/Ro, SS-B/La, histidyl-sRNA synthetase (Jo-1), and topoisomer-
ase (Scl70). 

5.3.1     Anti-SS-A/Ro and SS-B/La Antibodies 

 Antibodies to SS-A/Ro and SS-B/La are frequently detected in connective tissue dis-
eases, mainly SLE and Sjogren’s syndrome (SS). ELISA or immunoblotting assays 
have replaced countercurrent immunoelectrophoresis assays for testing. Anti-60 kDa 
Ro occurs in 50 % of SLE patients, up to 90 % of SS and in about 60 % of patients 
with subcutaneous lupus. They have been associated with leucopenia (mainly neutro-
penia), lymphadenopathy, nephritis, and cutaneous manifestation [ 7 ]. These antibod-
ies do not seem to fl uctuate in time or with the activity of the disease [ 6 ]. 

 While the role of anti-SS-A/Ro 60 kD and anti-SS-B/La antibodies in SLE 
pathogenesis remains controversial, neonatal lupus (NL) provides the strongest 
clinical evidence for a pathogenic role for these antibodies. NL is characterized by 
the presence of any combination of cytopenia, skin rash, cholestasis, or congenital 
heart block (CHB) occurring in children born to mothers positive for anti-SS-A/Ro 
antibodies. In anti-SS-A/Ro-positive pregnant women, the risk of developing CHB 
varies with the anti-SS-A/Ro specifi city. CHB is associated with autoantibodies 
binding to Ro 52 kD antigen. These antibodies induce infl ammation and fi brosis in 
fetal conduction tissues and lead to blockage of signal conduction at the atrioven-
tricular node. Irreversible complete atrioventricular block is the main cardiac mani-
festation of CHB, although other severe cardiac complications, such as endocardial 
fi broelastosis or valvular insuffi ciency, even in the absence of cardiac block, have 
been reported [ 18 ].  

5.3.2     Anti-Sm and Anti-RNP Antibodies 

 The presence of anti-Sm antibodies is considered pathognomonic of SLE and a 
criterion for the ACR classifi cation for SLE [ 4 ]. However, low titer anti-Sm (by 
ELISA/immunoprecipitation assays) might also be detected in other autoimmune 
conditions [ 19 ]. 

 The major targets are the so-called B and D polypeptides. Anti-Sm antibodies 
have been shown to be the most specifi c antibodies to lupus [ 20 ], and those reacting 
with synthetic SmD1-aa83-119 peptide are strongly associated with lupus nephritis 
[ 21 ]. Anti-Sm antibodies, although highly specifi c for SLE, do not correlate with 
disease activity. 

 Anti-RNP antibodies are associated with anti-Sm (virtually all anti-Sm sera are 
anti-nRNP positive [ 20 ]. Anti-Sm antibodies are highly specifi c, but relatively 
insensitive for SLE [ 22 ]. 

 In SLE patients, myositis and Raynaud’s phenomenon have been reported to be 
more strongly associated with antibodies to RNP rather than other clinical manifes-
tations, such as lupus nephritis [ 23 ].   
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5.4     Anti-histone Antibodies 

 Up to 70 % of patients with SLE have IgG and/or IgM anti-histone antibodies 
(detected by immunoblotting or ELISA). Anti-histone antibodies may recog-
nize total histones or some subfractions (H1, H2a, H2b, H3, and H4) as anti-
gen. The clinical specificity is not well established for any subfraction. 
Anti-histone titers might reflect disease activity but are not specific for 
SLE. Anti-histone antibodies are found in 50–70 % of patients with SLE and in 
more than 95 % of patients with drug-induced lupus erythematosus. 
Nevertheless, their role in distinguishing between drug-induced SLE and idio-
pathic SLE is still under hot debate [ 24 ].  

5.5     Anti-ribosomal P Antibodies 

 Anti-ribosomal antibodies target three ribosomal proteins (RP) P0, P1, and P2 (38, 
19, and 17 kDa, respectively) located in the large ribosomal subunit. They have a 
high specifi city for SLE and their association with other connective tissue diseases 
is only occasional [ 7 ]. It has been suggested that there is a preferential association 
of anti-RP with anti-Sm and/or anti-dsDNA antibodies, possibly due to partial 
cross-reactivity [ 25 ,  26 ]. Anti-RP antibodies have been associated with certain man-
ifestations of neuropsychiatric SLE [ 26 ] (see section about NPSLE), but their pre-
dictive value is uncertain and available data controversial. Titers may rise in active 
SLE [ 27 ].  

5.6     Anti-C1q Antibodies 

 The large number of different autoantibodies observed in SLE mostly target nuclear 
as well as cell surface antigens, but also serum molecules such as complement com-
ponents. Among these, complement C1q is the most prominent target [ 28 ]. 
Complement C1q is the starter molecule of the classical pathway of the complement 
cascade and plays an important role in the clearance of immune complexes and 
apoptotic cell debris. 

 Anti-C1q antibodies are found in about 20–50 % of SLE patients. A number of 
cross-sectional studies on anti-C1q showed a signifi cant association with renal 
involvement and general disease activity [ 29 ,  30 ], and these antibodies have been 
reported in up to 100 % of SLE patients with active proliferative lupus nephritis [ 31 , 
 32 ]. Their value as a marker of disease activity in the follow-up of SLE patients has 
also been recently reported [ 33 ]. 

 However, these fi ndings are in contrast to other studies describing that anti-C1q 
antibodies were associated with SLE global disease activity but not specifi cally with 
active lupus nephritis [ 34 ].  
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5.7     Antiphospholipid Antibodies (aPL) 

 aPL are a family of immunoglobulins of IgG, IgM, IgA, or a combination of these 
isotypes, which were initially thought to recognize anionic phospholipids. Over the 
years, this concept has changed, and different specifi cities have been described for 
aPL. The presence of persistent aPL in a subject with recurrent arterial and venous 
thrombosis and/or pregnancy morbidity defi ne the antiphospholipid syndrome 
(APS). Although initially described in patients with SLE, aPL were soon recognized 
to also occur in patients without any other underlying autoimmune disease. 

 aPL antibodies are present in 30–40 % of SLE patients, and 10–15 % of all SLE 
patients have clinical manifestations of APS. 

 aPL are detected by a variety of laboratory tests, the most useful for identifying 
SLE patients at higher risk for thrombosis or pregnancy morbidity being the lupus 
anticoagulant (LA) and the anticardiolipin antibody tests (aCL). These antibodies 
are distinct and separable immunoglobulins present alone or in combination [ 35 ]. 

5.7.1     The Lupus Anticoagulant (LA) 

 LA are heterogeneous aPL, which interfere with the phospholipid-dependent stages 
of blood coagulation in vitro and inhibit both the intrinsic and common pathways of 
coagulation [ 36 ]. LA has been reported in a wide variety of patient populations, 
ranging from autoimmune diseases (e.g., SLE, rheumatoid arthritis), drug exposure 
(e.g., chlorpromazine, procainamide, hydralazine), infections, and lymphoprolifera-
tive disorders to individuals with no apparent underlying disease [ 36 ]. The esti-
mated prevalence in patients with SLE varies ranging from 6 to 65 % [ 37 ]. 

 Their heterogeneous nature of the LA makes it necessary to perform more than 
one coagulation test to reach the diagnosis according to the classifi cation criteria 
[ 38 ]. A number of features need to be demonstrated: (1) prolongation of a 
phospholipid- dependent clotting time, (2) evidence of inhibition shown by mixing 
studies, (3) evidence of phospholipid dependence, and (4) exclusion of specifi c inhi-
bition of any one coagulation factor. In principle, the laboratory tests to detect the 
LA should use a sensitive screening test followed by a specifi c confi rmation test 
[ 39 ]. The most commonly used is the activated partial thromboplastin time (aPTT), 
followed by the dilute Russell’s viper venom time (dRVVT). The presence of LA 
should always be confi rmed by performing the assays in the presence of excess of 
phospholipids, with a correction of the prolongation to normal times as a result [ 40 ]. 
In some subjects receiving oral anticoagulation, accurate detection of the LA might 
not be possible. In these particular cases, the kaolin cephalin time and the dRVVT 
performed on mixtures of control and patient plasmas or the Taipan and Textarin 
times might be useful [ 39 ]. 

 In general, positive LA tests are more specifi c for the APS, whereas aCL anti-
bodies are more sensitive.  
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5.7.2     Anticardiolipin Antibodies (aCL) 

 In 1983, Harris et al. developed a solid-phase radioimmunoassay to detect aCL 
using cardiolipin as antigen [ 41 ]. This assay proved to be more sensitive than the 
classical VDRL in detecting aPL. The specifi city of aCL for APS increases with the 
titer and is higher for the IgG than for the IgM isotype. However, some patients may 
have only a positive IgM test, and a few are only IgA positive. However, in addition 
to detecting aCL, this assay also detects antibodies to serum or plasma proteins that 
bind to cardiolipin coated to the plate [ 42 ], in particular, antibodies to β2-glycoprotein 
I (anti-β2GPI). 

 Differences in the methods used to detect aPL have undoubtedly contributed to 
the wide range of reported frequencies. The prevalence of aCL in the normal popu-
lation is low but measurable, between 2 and 4 % (depending on the assays applied). 
They are more common in elderly individuals. The estimated prevalence in patients 
with SLE varies ranging from around 20 % [ 43 ,  44 ] to 60 % [ 45 – 47 ]. In a meta- 
analysis of 21 studies [ 48 ], an average prevalence of 44 % for aCL was documented 
in patients with SLE, which may refl ect the true occurrence. Despite several 
attempts, standardization of aCL testing is still much needed, and the availability of 
reference sera has greatly improved interlaboratory testing and quantifi cation of 
aCL [ 35 ]. IgA aCL reference sera are now also available. Many clinical laboratories 
currently measure all three isotypes, and sensitive kits for this purpose are commer-
cially available. While the pathogenic importance of IgG and IgM aCL is well 
established, the role of IgA aCL as an independent risk factor for thrombosis has not 
been clearly demonstrated [ 49 ].  

5.7.3     Anti-β2-glycoprotein I Antibody 

 The observation that many aCL are directed to an epitope on β2GPI led to the devel-
opment of the anti-β2GPI antibody (ab2GPI) immunoassay [ 50 ]. Anti-β2GPI anti-
bodies are strongly associated with thrombosis and other features of the APS [ 51 ]. 

 It is now well accepted that patients showing triple positivity for LA, aCL, and 
aβ2GPI are at the highest risk of thrombosis [ 52 ,  53 ]. However, in some patients 
with clinical features of APS, aβ2GPI antibodies are rarely the sole antibodies 
detected (ref).  

5.7.4     Other aPL 

 The clinical utility of aPL assays for autoantibodies to phospholipids other than 
cardiolipin and to phospholipid-binding proteins other than β2GPI (i.e., prothrom-
bin) is now under debate [ 54 ]. 

 Antibodies to prothrombin can be detected by directly coating prothrombin on 
irradiated ELISA plates (aPT) or by using the phosphatidylserine/prothrombin 
complex as antigen (aPS/PT). They have been both related with the clinical 
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manifestation of APS, and current evidence supports the concept that they belong to 
distinct populations of autoantibodies. Nevertheless, they can both be detected 
simultaneously in one patient [ 55 ]. 

 aPS/PT (rather than aPT) have been shown to be helpful in the diagnosis of APS [ 56 ] 
and when assessing the associated risk for thrombosis or pregnancy morbidity [ 52 ].  

5.7.5     aPL as Risk Factors 

 Recent evidence supports the concept that aPL antibody positivity in multiple tests 
is associated with an increase risk of thrombosis or pregnancy morbidity, both in 
SLE or in patients without any other underling connective tissue disease [ 52 ,  53 ]. As 
a consequence, the determination of antibody profi les and subclassifi cation of 
patients, according to the number and the type of positive tests, are encouraged. 
Switching from the concept of aPL as diagnostic antibodies to aPL as risk factors 
for clinical events has enriched the clinical workup highlighting the need for assess-
ing the risk linked to aPL.   

5.8     Neuropsychiatric SLE (NPSLE) and Autoantibodies 

 NPSLE is one of the most important manifestations of SLE, and it includes a variety 
of focal or diffuse, central or peripheral, psychiatric, isolated, complex, simultane-
ous, and/or sequential symptoms and signs, representing both active and inactive 
disease states. Central nervous system disease predominates and may take the form 
of either diffuse (e.g., psychosis or depression) or focal disease (e.g., stroke or trans-
verse myelitis) [ 57 ]. Available studies on the signifi cance of different autoantibod-
ies in NPSLE have shown controversial results [ 58 ]. The multitude of clinical 
manifestations related to NPSLE makes very unlikely that a single biomarker could 
reliably be associated with all neuropsychiatric events. We recently provided evi-
dence that aPL, mainly LA, and anti-ribosomal P antibodies are signifi cantly associ-
ated with specifi c manifestations of neuropsychiatric disease attributed to SLE, 
namely, cerebrovascular events and psychosis, respectively.  

5.9     Lupus Nephritis 

 Lupus nephritis, which occurs in up to 50 % of all SLE patients [ 59 ], is a common 
and severe complication and considered to be a major cause of morbidity and mor-
tality in SLE patients. 

 Most lupus nephritis patients have antichromatin/nucleosome antibodies (speci-
fi city 98 %; sensitivity 69 %) [ 60 ], and they may be positive when the anti-dsDNA 
antibodies are negative [ 61 ]. Similar fi ndings were observed with anti-C1q antibod-
ies [ 29 ], especially with nephritic fl ares (negative positive predictive value of 
97–100 %) [ 31 ,  62 ], although their precise role has been debated. 
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 Other specifi cities (e.g., anti-α actinin antibodies) have been described in patients 
with active lupus nephritis, and they may be more predictive of nephritis than anti- 
dsDNA antibodies, although larger studies are needed for confi rmation [ 7 ]. 
Anti-Sc-70 (topoisomerase) antibodies have provided mixed results as well [ 7 ].  

    Conclusion 

 ANA IIF is an effective screening assay in patients with clinical features of 
SLE. False-positive results are common. The clinical importance cannot be 
extrapolated from the ANA titer or pattern, although higher titers (>1/160) are 
more likely to be important. HEp-2 cells are the most sensitive substrate for 
ANA detection, but this must be balanced against an increased incidence of 
insignifi cant positivity. 

 ANA-positive samples should be subjected to more specifi c assays for the 
diagnosis of SLE. A combination of ENA (Ro/La/Sm/RNP) and dsDNA assays 
will detect most patients with SLE. 

 A combination of anti-dsDNA, C3, C4, CRP, and ESR assays provides the 
most useful clinical information about SLE fl ares. 

 An appropriate management from both diagnostic and follow-up perspectives 
requires an integration of a patient’s symptoms, physical examination fi ndings, 
and the results of diagnostic multiple testing.     
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6.1     Arthritis and Arthralgias in SLE 

 Articular involvement is very frequent in SLE. In 34–50 % of patients with SLE, 
joint involvement is the fi rst manifestation of the disease, whereas during the course 
of SLE, it is almost always present [ 1 – 4 ]. Joint involvement occurs more frequently 
in women, both at onset and during the course of the disease [ 5 – 7 ]. It is polymor-
phous and shows varying degrees of clinical severity, with increasing frequency 
depending on age at SLE onset, and it is more frequent in patients with onset of 
illness in adulthood [ 8 ,  9 ]. It represents one of the most frequent causes of diffi cul-
ties in daily activities, job reduction, and abandonment [ 10 – 12 ]. 

 Articular signs, such as arthralgia or arthritis, may be observed in the course of 
SLE. Arthralgia, which is defi ned as the presence of joint pain in the absence of 
clear synovitis, erosion, or deformities, is very frequent both at the onset and during 
the course of the disease [ 13 ]. Arthralgia is persistent, migrant, transient, and fre-
quently associated with myalgia. It is often extremely intense and disproportionate 
to the fi nding at the physical examination [ 14 ]. In patients with arthralgia alone, the 
most recent imaging techniques, such as magnetic resonance imaging (MRI) and 
ultrasonography (US), may frequently reveal infl ammatory articular changes which 
is undetectable by clinical evaluation [ 15 – 17 ]. 

 Arthritis in the course of SLE can be acute, subacute, and/or chronic and is often 
detected (in 67–87 % of cases) (Table  6.1 ) at disease onset. The differences in prev-
alence reported in various studies may depend on the racial backgrounds of the 
cohorts, on the different age of the patients, and on the level of expertise of the 
enrolling center (e.g., nephrology centers or rheumatology centers).

   Acute arthritis may occur as polyarthritis or oligoarthritis; it may be symmetric 
or asymmetric, with preferential involvement of the joints of the hands, wrists, and 
knees [ 18 – 26 ]. It is sensitive to anti-infl ammatory treatment and usually does not 
recur during therapy [ 14 ]. It is frequently associated with visceral involvement and 
systemic signs; thus it can be a warning symptom of an SLE fl are. 

 Subacute arthritis has a more prolonged course with milder infl ammatory signs 
and it is frequently accompanied by morning stiffness. In older patients, the clinical 
picture may resemble rheumatic polymyalgia [ 14 ]. Lastly, arthritis in the course of 
SLE can occur as chronic arthritis without deformities and erosions, or as deform-
ing, non-erosive, reversible arthropathy, or in some patients as erosive arthritis. 

 Examination of the synovial fl uid shows some infl ammatory liquid with a pre-
dominance of mononuclear cells and a decrease in complement levels with hyper-
gammaglobulinemia. Antinuclear antibodies (ANA), lupus erythematosus (LE) 
cells, hematoxylin bodies, and ragocytes may be observed [ 14 ]. In a recent study, 
LE cells were present in 5/31 patients suffering from SLE and in 9/27 patients with 
the overlap syndrome (rheumatoid arthritis (RA)/SLE). In the same study, LE cells 
were observed in 2.6 % of 331 patients with RA and in none of 4 subjects with 
Still’s disease, in 9 with systemic scleroderma, in 132 with ankylosing spondylitis, 
in 57 with Reiter’s syndrome, and in 34 with psoriatic arthritis [ 27 ]. 

 Common fi ndings at synovial biopsy include synoviocyte hyperplasia, scarce 
infl ammatory infi ltrate, vascular proliferation, edema and congestion, fi brinoid 
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necrosis and intimal fi brous hyperplasia of blood vessels, presence of fi brin on the 
synovial surface, and fi brin-like deposits in the chorion [ 28 ]. Indeed, some syno-
vial alterations, ranging from simple hyperemia to synovitis, may mimic those 
found in RA [ 14 ]. Some studies have found differences in the synovium of patients 
with SLE and those suffering from RA and osteoarthritis (OA) from a gene expres-
sion profi le perspective [ 29 ]. The synovium of patients with SLE suffering from 
arthritis shows a very distinct molecular signature as compared to what is observed 
in patients with OA and RA. It is characterized by the upregulation of interferon-
inducible genes, as observed in the peripheral blood and kidney glomeruli of SLE 
patients [ 30 ], and downregulation of genes involved in extracellular matrix homeo-
stasis. This might suggest the presence of different pathogenic mechanisms in SLE 
and RA, which would explain the lack of bone erosion observed in SLE patients 
with arthritis [ 29 ,  31 ].  

6.2     Jaccoud’s Arthropathy 

 The 1982 ACR classifi cation criteria [ 32 ] modifi ed the weight of joint involvement 
switching from “arthritis without deformity” of 1971 criteria [ 33 ] to “non-erosive 
arthritis.” This change allowed to include patients with Jaccoud’s arthropathy (JA) 
among those with SLE. In 2012, the SLICC criteria [ 34 ] proposed modifying the 
criterion to “synovitis ≥2 peripheral joints, characterized by pain, tenderness, swell-
ing or morning stiffness ≥30 min,” since new imaging techniques clearly show that 
some forms of SLE arthritis are in fact erosive [ 17 ]. 

 In 1869, Jaccoud [ 35 ] fi rst described deforming, non-erosive, reversible arthrop-
athy associated with rheumatic fever. Later, this arthropathy was also observed in 
other rheumatic diseases and connective tissue diseases, as well as in sarcoidosis, 
infections, hypocomplementemic urticarial vasculitis, chronic pulmonary disease, 
infl ammatory intestinal disease, pyrophosphate deposition disease, hypermobility 
syndrome, borreliosis, and neoplasia [ 36 – 41 ]. JA also occurs in an idiopathic form, 
in particular in the elderly, sometimes affecting several members of the same family 
[ 42 ,  43 ]. It was fi rst described [ 44 ,  45 ] in patients suffering from SLE [ 24 ,  46 – 48 ] 
with a prevalence of up to 35 % [ 24 ,  26 ,  47 – 52 ]. 

 The articular deformities of JA may be limited to the ulnar deviation at the 
metacarpal- phalangeal joint (MCP). Villaumey [ 53 ] and Alarcon-Segovia [ 46 ] con-
sidered this a diagnostic element for JA in the absence of erosions and rheumatoid 
factor (RF). JA may be widespread and can simulate evolved RA with lateral hyper-
laxity of the distal interphalangeal articulations, swan neck deformities, bouton-
niere deformities, Z-shaped thumb, and carpal hyperlaxity. JA may also affect the 
feet [ 54 ,  55 ] and knees, sometimes in a disabling way, as well as the shoulders [ 14 ]. 
Deformities are usually reducible, even though some deformities may present ele-
ments of fi xity [ 13 ]. 

 In 1992, Spronk and coworkers [ 47 ] proposed a diagnostic index for JA (DIJA) 
based on the presence or absence of ulnar drift (>20′), swan neck deformities, bou-
tonniere deformities, Z deformity, and limited MCP extension. Depending on the 
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number of affected fi ngers, the fi rst four items of the diagnostic index are graded 
from 2 to 3, whereas the fi fth item is graded from 1 to 2, with a maximum total score 
of 23. JA was considered as being present if the index exceeded fi ve points. This 
scoring method was frequently cited but never validated in well-designed studies [ 13 , 
 56 ]. In 1998, van Vugt [ 57 ] introduced the term “mild deforming arthropathy” for 
patients who present DIJA with a score equal to or below 5 in the presence of deform-
ing arthropathy without erosion. New imaging techniques led to the detection of 
erosive signs not previously detected by conventional radiology, thus leading to a 
new step in the differentiation between JA, mild deforming arthropathy, and erosive 
arthritis [ 26 ]. Recently, new criteria to differentiate between “idiopathic” and “senes-
cent” JA were proposed by Santiago et al. [ 56 ], including: (1) typical joint deformi-
ties which are correctable in a passive position, (2) presence or history of articular 
infl ammation in the deformed joints, regardless of its intensity or etiology (RA, SLE, 
etc.), (3) absence of similar deformities in other healthy members of the same family, 
and (4) no erosions on conventional radiology, magnetic resonance, or high-perfor-
mance ultrasound examination. 

 The presence of JA in patients with SLE has been associated with older age [ 58 ] 
and disease duration [ 47 ,  59 ,  60 ]. However, these fi ndings were not in agreement 
with the observations by Alarcon-Segovia et al. [ 46 ]. Besides it has been shown that  
the main determinant for JA was high disease activity in the absence of synovitis 
[ 61 ]. 

 JA is positively associated with Sjogren’s syndrome [ 46 ,  58 ] and frequent tendon 
rupture [ 62 ] and negatively associated with renal involvement [ 24 ,  51 ]. 

 Some authors have pointed out an association with the presence of RF [ 46 ,  47 ], 
but this fi nding was not confi rmed by other studies [ 51 ,  59 ]. JA was associated with 
higher levels of C-reactive protein (CRP) [ 47 ,  60 ,  63 ], with the presence of lupus 
anticoagulant and anticardiolipin antibodies [ 57 ], and with the presence of antibod-
ies against U1 RNP [ 64 ], and inconstantly with anti SS-A/Ro and -B/La [ 47 ,  51 ,  58 , 
 65 ,  66 ]. A correlation with the presence of antibodies to type II collagen [ 67 ], with 
higher levels of interleukin-6 (IL-6) [ 60 ] and with anti-double-stranded DNA anti-
bodies [ 46 ], was observed. Interestingly, JA has never been associated with antipep-
tide citrulline (anti-CCP) antibodies [ 68 ,  69 ]. 

 In general, the development of JA is correlated with abnormalities of soft tis-
sues, with ligament and capsular laxity, relaxation, and subsequent deviation of 
tendons from their axis with the association of muscular dysfunction. Some 
authors have speculated that the laxity of the articular capsules and ligaments may 
be secondary to infl ammation with fi brosis of the articular capsule [ 70 ,  71 ]. A role 
of synovial vasculitis [ 57 ] has been proposed. Besides, it has been also hypothe-
sized a role in JA development for a synovial vasculitis [ 57 ], persistent infl amma-
tory process of the synovium with infl ammatory cells infi ltrate and IL-1 and IL-6 
production [ 47 ,  72 ]. These observations are in line with the high levels of CRP 
observed in patients with JA [ 47 ,  60 ,  63 ], but not in other patients with SLE even 
during disease fl are [ 26 ]. 

 The detection of high levels of RF in patients with JA is inconsistent [ 46 ,  47 ,  51 , 
 59 ]. Thus, the presence of RF may act as a local inductor of the infl ammatory 
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process through the formation of immune complexes. However, it is worth noting 
that despite the documented presence of synovitis, this is not as aggressive as what 
is observed in RA [ 56 ]. JA can appear in other conditions as dermatomyositis, 
scleroderma, and chronic pulmonary disease without evidence of previous arthritis 
[ 40 ]. In 2006, Caznoch et al. [ 50 ] suggested a possible role of hyperparathyroidism 
linked to renal failure and the presence of an association between JA and the hyper-
mobility syndrome, contrasting however with the previous observations by Klemp 
et al. [ 73 ]. A possible role for tenosynovitis has also been hypothesized [ 40 ], con-
sidering the reported association between JA and tendon ruptures [ 62 ]. As a matter 
of fact, 26 % of the 55 tendon ruptures in patients suffering from SLE were associ-
ated with the presence of JA [ 62 ]. Histological reports are very limited, though they 
led to the detection of mild synovitis without signifi cant proliferation of the syno-
vial membrane, light infl ammatory infi ltrates, microvascular alterations, fi brin pre-
cipitates, and hematoxylin corpuscles [ 47 ]. 

 Based on a previous radiologic description, deforming chronic arthritis may 
present with swelling of the soft tissues; juxta-articular osteoporosis and joint 
space narrowing are rare, and exceptionally hook shaped erosions in the hands 
(and feet). All these features differ from what observed in RA (i.e., damage to the 
radial site of the metacarpal heads as well as a well-defi ned hook-shaped defor-
mity with a sclerotic margin that is considered an adaptation to local stresses of 
persistent ulnar deviation) [ 74 ].  

6.3     Rhupus 

 During the course of SLE, it is possible to observe, albeit rarely, an erosive arthritis 
similar to what is observed in RA. In 1971, Peter Schur [ 75 ] coined the term “rhu-
pus” to describe patients with SLE who present arthritis and who also fulfi ll the 
classifi cation criteria for RA [ 76 ]. Currently, the term rhupus is used by some to 
describe the coexistence of SLE and RA in the same patient [ 49 ,  57 ], while others 
use it to outline a subset of SLE patients with distinctive articular signs and typical 
clinical and radiological characteristics [ 3 ,  77 ]. However, the defi nition is still dis-
puted since the immunopathological processes of SLE are considered to be exactly 
the opposite of the RA processes [ 78 ]. The real prevalence, the natural history and 
the clinical appearance are supported by few case series and small cohorts of 
patients, though with discrepancies in the defi nition of the cases and assessment 
methods [ 3 ,  77 ,  79 – 82 ]. It is however a very rare variant considering that until 2013, 
only 150 cases had been published [ 83 ]. Recently, the number of reports has been 
enriched by additional cohorts of patients [ 49 ,  84 – 86 ]. An epidemiological study 
showed a prevalence of about 0.09 % [ 79 ]. The prevalence of the more recent stud-
ies ranges from 1.30 to 5.8 % [ 49 ,  84 ,  85 ], which is surely higher than in previous 
reports [ 3 ,  79 ]. New imaging techniques for the study of the musculoskeletal sys-
tem, like MRI and US [ 15 – 17 ,  70 ,  87 ,  88 ], have allowed to detect erosive alterations 
that would otherwise be undetectable by conventional radiology and to stress the 
higher prevalence of rhupus (9.7 %) [ 84 ].  
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 Clinically, there are no statistically signifi cant differences between the rhupus 
group and the control group regarding age and sex [ 49 ,  84 ,  85 ]. The signs of RA 
usually precede those of SLE [ 49 ,  84 ,  85 ] and these subjects have slower disease 
progression compared to patients with SLE without articular erosions [ 3 ,  49 ,  84 , 
 89 ]. There were no signifi cant differences in the prevalence of anti-double-stranded 
DNA, anti-Sm antibodies, anti- nuclear antibodies, and antiphospholipid antibodies 
between rhupus and SLE patients [ 49 ,  84 ]. On the other hand, patients suffering 
from rhupus present increased erythrocyte sediment rates and CRP levels [ 49 ,  84 ] 
and a greater presence of RF and antipeptide citrulline (anti-CCP) antibodies [ 49 , 
 68 ,  84 ,  86 ,  90 – 94 ]. With regard to the presence of anti-CCP antibodies, a recent 
meta-analysis conducted on seven studies revealed 91.8 % and 47.8 % pooled speci-
fi city and sensitivity, respectively, in erosive arthropathy in SLE [ 92 ]. Comparatively 
in RA, a meta-analysis found the specifi city and sensitivity of anti-CCP antibodies 
to be 95 % and 67 %, respectively [ 95 ]. The pooled specifi city of anti-CCP antibod-
ies in SLE patients with erosive disease is slightly lower than that of RA. It must be 
stressed that the studies by Qing et al. [ 93 ] and Zhao et al. [ 94 ] showed the highest 
sensitivity and lowest specifi city, while Budhram et al. [ 92 ] hypothesized that these 
results can be explained by a threshold effect due to the low cutoff of anti-CCP 
antibody positivity that was used by the authors. Five studies reported anti-CCP 
antibody positivity in only 5 % or fewer patients with SLE and non-erosive arthritis 
[ 68 ,  91 ,  96 – 98 ]. The meta-analysis by Budhram suggests that the specifi city of anti-
CCP antibodies in SLE patients with erosive disease is comparable to that of RA 
when high cutoffs are used [ 92 ]. 

 In rhupus, there is also a correlation between the severity of the articular involve-
ment and positivity for anti-CCP antibodies [ 90 – 94 ]. A more recent study again con-
fi rms the association between anti-CCP antibodies and rhupus and highlights that the 
presence of these antibodies in patients suffering from SLE must make clinicians 
aware of the coexistence of RA [ 86 ], as confi rmed by others Authors [ 69 ,  92 ]. 

 Patients with rhupus have mild SLE activity and a lower incidence of visceral 
organ involvement compared to patients with SLE without RA and in particular with 
regard to renal and neurological involvement [ 49 ,  81 ,  84 ], although important clinical 
manifestations have also been reported [ 99 ,  100 ]. Patients with rhupus show a pre-
dominance of manifestations that are typical of RA, including clinical infl ammation, 
deformities and erosions, and rheumatoid nodules, as well as a signifi cantly high 
prevalence of RF and anti-CCP antibodies [ 3 ,  49 ,  69 ,  79 ,  81 ]. High titers of RF and 
anti-CCP antibodies are very often observed in patients meeting ACR criteria for RA 
and presenting articular erosions [ 69 ,  92 ]. Some authors believe that the appearance 
of rheumatoid nodules in patients with SLE represents a risk factor for rhupus [ 101 ]. 

 A review of the medical literature on the correlation between anti-CCP antibodies 
and erosive arthritis in patients with SLE led Budhram et al. [ 92 ] to hypothesize the 
presence of two subgroups of patients with erosive arthritis. One subgroup presents 
a process that is pathologically different from that of RA, their anti-CCP antibodies 
are often negative, and these subjects likely do not meet the ACR criteria for RA. In 
the second subgroup, the pathogenesis of the erosions is the same as in RA, the anti-
CCP antibodies are often positive, and these subjects likely meet the criteria for 
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RA. According to Budhram et al., patients in the two groups may present different 
erosive manifestations; in the former they may be similar to those described by 
Pastershank in JA [ 74 ], while the latter may show marginal erosions that are typical 
of RA. This theory should be investigated with specifi c imaging studies since the 
new imaging techniques, such as US and MRI, have shown an unexpectedly high 
prevalence of subclinical articular and periarticular involvement and, most impor-
tantly, a higher prevalence of bone erosions as compared to standard radiography, as 
well as an unexpectedly high prevalence of synovitis and tenosynovitis [ 15 ,  17 ,  102 –
 104 ]. This hypothesis is supported by the observation s  that anti-CCP antibodies and 
RF show an additive effect on erosion and erosion size and number in RA [ 105 ]. 

 Alongside the arthritic manifestations, tenosynovitis is frequently found in 
patients with SLE, mainly localized to the extensor tendons in the hands, with a 
prevalence ranging from 28 to 61 % [ 15 ,  17 ,  102 – 104 ].  

6.4     Joint Involvment Management 

 There are some guidelines regarding the treatment of arthritis in the course of SLE 
[ 106 ]. An approach based on the type of arthritis has been proposed [ 107 ,  108 ]. 
First-line, short-term treatment with nonsteroidal anti-infl ammatory drugs 
(NSAIDs) is frequent in the presence of acute or subacute arthritis, given the epi-
sodic and limited nature of articular fl ares in many patients with SLE [ 107 ,  108 ]. 
Clearly, administration of these drugs must include rigorous renal and hepatic moni-
toring; cardiovascular and skin photosensitivity risks must also be taken into con-
sideration, as should reports on rare cases of aseptic meningitis [ 108 ]. Many patients 
cannot tolerate NSAIDs or may present contraindications to their use, while others 
show more persistent arthritic episodes that are refractory to these drugs. In these 
cases, antimalarial drugs are recommended, in particular hydroxychloroquine, usu-
ally at a dosage of 6 mg/kg/die [ 109 ]; if necessary, corticosteroids should be associ-
ated [ 107 – 110 ]. Low-dose corticosteroids (≤10 mg/day of prednisone equivalent) 
are usually administered, and if high doses are needed, corticoid-sparing agents 
should be used [ 108 ]. Direct injection of corticosteroids into joints can be useful, 
especially when involvement is limited to one or few joints or in tenosynovitis. In 
patients who do not respond to corticosteroids or antimalarial drugs, methotrexate 
or other immunosuppressants (azathioprine, lefl unomide, mycophenolate mofetil) 
or non-conventional therapies must be taken into consideration [ 107 ,  111 – 113 ]. 
There is broad consensus on the use of methotrexate as a steroid-sparing agent [ 111 ] 
and its effectiveness in controlling articular manifestations [ 110 ,  111 ,  114 – 118 ]. 
Lefl unomide proved to be effective in a controlled study of only 12 patients [ 119 ]; 
however, several cases of cutaneous lupus fl are-up were reported [ 108 ]. 
Mycophenolate mofetil was also assumed to be effective [ 112 ,  120 – 122 ], even 
though evidence in the literature is limited [ 108 ]. Among the non- conventional 
drugs, some reports indicate the effi cacy of rituximab [ 112 ,  122 – 124 ], even if there 
are no specifi c controlled studies on arthritic manifestations in SLE. With regard to 
belimumab, literature data [ 121 ,  126 – 128 ] suggest that it has potential for use in the 
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treatment of severe joint symptoms in lupus that are resistant to corticosteroid treat-
ment or refractory to conventional treatment [ 108 ,  113 ], whereas tocilizumab [ 129 ] 
is still being investigated. 

 Despite its reduced effi cacy and frequently unfavorable effects [ 130 ], if all other 
therapies fail, abatacept may be taken into consideration (under strict control of a 
reference center or other experts) for patients in whom lupus manifests as a corti-
codependent joint disease [ 108 ], while the use of anti-TNF-alpha drugs is not rec-
ommended [ 108 ,  125 ]. 

 Treatment of Jaccoud’s arthropathy is the same as what is recommended for 
chronic arthritis in the course of SLE. However, despite their symptomatic effect, 
there are no guarantees that NSAIDs, low-dose steroids, antimalarial drugs, or 
methotrexate can inhibit the progression of deformities [ 56 ]. The benefi ts of physi-
cal therapy and the use of orthotic devices are yet to be demonstrated, and there are 
few reports on surgical procedures to correct JA [ 131 – 135 ] since the indications, the 
best modalities, and when to indicate them are still unknown [ 50 ]. 

 There are several reports concerning the use of disease-modifying antirheumatic 
drugs (DMARDs), and in particular methotrexate, in rhupus [ 117 ,  136 ,  137 ], even 
in combination with other drugs [ 138 ]; however, many of them showed inadequate 
response [ 26 ]. There are small case series reporting the effi cacy of mycophenolate 
mofetil [ 139 ] and cyclosporine [ 140 ]. Anti-TNF-alpha, which is effective in treating 
RA, seems to be less effective in treating rhupus and SLE. It can induce the produc-
tion of autoantibodies, such as antinuclear antibodies and anti-DNA antibodies 
[ 141 ], and more rarely it may result in lupus manifestations in both RA [ 142 ,  143 ] 
and rhupus patients [ 144 ]. Thus, the use of anti-TNF-alpha is not recommended in 
SLE patients [ 125 ]. The use of rituximab shows more encouraging results, as dem-
onstrated in small clinical series in open clinical studies [ 83 ,  145 ] as does abatacept 
[ 130 ,  146 ]. Finally, two of our patients benefi ted from the use of tocilizumab [ 147 ]. 

 There is a need for further controlled studies and, consequently, specifi c guide-
lines for the various forms of arthritis during the course of SLE.     
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7.1             Introduction 

 Systemic lupus erythematosus (SLE) is a complex autoimmune syndrome showing 
a broad and protean spectrum of clinical and immunological features. Cutaneous 
involvement is frequently found in SLE. Affected patients may show a variety of 
different “specifi c” and “nonspecifi c” cutaneous manifestations as either an initial 
leading sign of the disease or as complication in its course. Hence, knowledge of the 
typical and more unusual cutaneous features associated with SLE is important for 
the proper diagnosis and management of affected patients [ 1 – 4 ]. 

 After articular involvement, the skin represents the second most frequently 
affected organ in SLE [ 1 ]. In fact, approximately 80 % of patients will display skin 
manifestations during the course of the disease [ 2 ,  3 ]. 

 Cutaneous manifestations may constitute the fi rst sign of SLE in up to 25 % of 
cases. Therefore, in all patients with newly diagnosed cutaneous lupus erythemato-
sus (CLE), the clinician is invariably faced with the dilemma of whether the 
observed cutaneous lesions constitute the fi rst sign of SLE or not. 

 The estimated risk of experiencing a transition from CLE to SLE has been differ-
ently estimated with rates up to 25 % [ 4 ]. Durosaro et al. reported that in patients with 
newly diagnosed CLE, the cumulative incidence of SLE among patients was 5 % at 
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5 years, 10 % at 10 years, 15 % at 15 years, 19 % at 20 years, and 23 % at 25 years 
after diagnosis, respectively [ 5 ]. In a population-based Swedish cohort study, 
Grönhagen et al. showed that the probabilities of developing SLE in the fi rst and third 
year after CLE diagnosis are 12.1 % and 20.0 %, respectively. Vice versa, in 24 % of 
patients with newly diagnosed CLE, there is a current history of SLE [ 6 ]. However, 
the risk of developing SLE differs between subjects with acute CLE and those with 
localized discoid cutaneous lupus erythematosus (DLE). Therefore, the majority of 
patients with CLE will never develop any evidence for internal organ involvement. 

 The  Systemic Lupus International Collaborating Clinics  (SLICC) group recently 
revised the ACR-SLE classifi cation criteria to improve their relevance. In the new 
classifi cation, mucocutaneous signs again constituted 4 of 11 criteria used for SLE 
classifi cation [ 7 ]. Among the SLE-specifi c skin manifestations, DLE is the most 
common, followed by subacute CLE (SCLE) and acute CLE (ACLE). The SLE 
nonspecifi c skin manifestations include Raynaud’s phenomenon and, more rarely, 
non-scarring alopecia and cutaneous “vasculitis” [ 8 ].  

7.2     Epidemiology of Cutaneous Involvement 

 Two recent population-based studies reported an incidence of 4 new cases of CLE 
per 100,000 inhabitants per year in Sweden and the USA [ 4 ]. Prevalence of CLE is 
about 70 cases per 100,000 persons. Discoid chronic CLE (CCLE), the most com-
mon subset of CLE, is found in 80 % of cases [ 5 ]. Fifteen percent of cases have 
SCLE, while less than 5 % of cases display other types of CLE, such as lupus pro-
fundus. DLE seems to be more common among African Americans [ 5 ,  9 ], whereas 
SCLE is found more frequently in Caucasians. Finally, there is good evidence indi-
cating that SLE is more common in Asians and African Americans than in Caucasians 
[ 10 ,  11 ].  

7.3     Pathogenesis 

 SLE is regarded as heterogeneous group of diseases that develop in genetically 
susceptible individuals. In those, environmental triggers are thought to lead to the 
activation of both innate and adaptive immune responses with a loss of tolerance to 
self-antigens. Development of autoantibodies, activation of the complement system, 
defi ciency in the removal of immune complexes, and other infl ammatory processes 
ultimately lead to cell and tissue injury [ 12 ]. Environmental factors include ultravio-
let rays, viral infections, or chemicals. Sexual hormones as well as emotional neuro- 
immunomodulatory factors also contribute to the development of SLE. 

 CLE shares genetic abnormalities with SLE. Genome-wide association studies 
(GWASs) have provided evidence for the presence of distinct gene polymorphisms 
conferring disease susceptibility and which are associated with specifi c target organ 
damage [ 13 ]. 

 Aberrant clearance of nucleic-acid-containing debris and immune complexes, 
excessive innate immune activation involving Toll-like receptors (TLRs) and type I 
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interferons (IFNs), and abnormal T- and B-lymphocyte activation constitute path-
ways involved in disease pathogenesis [ 14 ]. For example, patients with SCLE, 
DLE, and SLE have distinct polymorphisms in the IFN-regulatory factor 5 (IRF5) 
gene. The latter appears to modulate pathways that mediate production of IFN-1 
and the cellular response to IFN-1. In family studies, increased IFN-1 production 
was found to represent a genetic risk of developing SLE [ 15 ]. Type I IFN exerts 
many biologic effects, including activation of dendritic cells, promotion of the dif-
ferentiation of monocytes into antigen-presenting cells and B cells into plasma 
cells, respectively, stimulation of the Th1 pathway, prevention of apoptosis of acti-
vated cytotoxic T cells, and suppression of regulatory T cells [ 16 ]. 

 Failure to degrade genomic dsDNA represents another major pathway of immune 
activation as illustrated by TREX1-mediated autoimmune disease [ 17 ]. TREX1 
contributes to the regulation of PARP1, a nuclear DNA repair enzyme involved in 
the DNA damage response. Hence, alterations in the function of TREX1 affecting 
PARP1 activity appear to favor either the development or the progression of autoim-
mune diseases [ 18 ]. 

 UV irradiation (UVR) represents another important trigger for CLE. Patients 
with DLE, lupus erythematosus tumidus (LET), or SCLE are often photosensitive. 
Approximately half of CLE patients develop lesions upon exposure to UV light 
[ 19 ]. UV irradiation can result in altered keratinocyte morphology, expression of 
autoantigens on cell membranes, and cell apoptosis. UV radiation is able to trigger 
the release of cytokines and chemokines, such as IFN, TNF-α, IL-1, IL-10, and 
IL-17 from keratinocytes and other cells. The latter contribute to the initiation and 
amplifi cation of the infl ammatory process. In the early phase of UVR-induced CLE 
skin lesions, there is an accumulation of CD4+ T cells at the dermal-epidermal junc-
tion area, whereas in the late phase CD8+ T cells predominate [ 20 ]. CCR5 expres-
sion is increased, while CCR3 expression is decreased [ 21 ]. This shift to 
Th1-associated chemokine receptor profi le might be a marker for the activity of 
CLE.  

7.4     Classification of Cutaneous Involvement 

 The spectrum of cutaneous features occurring in the course of SLE is broad and 
heterogeneous. In a fundamental work of 1981, Gilliam and Sontheimer proposed 
a classifi cation based on grouping together patients with similar clinical features 
and similar response to treatment [ 22 ]. This classifi cation constituted a progress by 
identifying cutaneous lesions, which were specifi c for lupus erythematosus (LE). 
Specifi c LE lesions were defi ned by the presence of interface dermatitis, character-
ized histopathologically by the presence of vacuolization and necrosis of basal 
keratinocytes, basal basement membrane thickening, pigment incontinence, and a 
lymphocytic infi ltrate at the dermo-epidermal junction. These specifi c lesions were 
classifi ed in acute, subacute, or chronic lesions and were either localized, dissemi-
nated, or generalized [ 23 ]. This terminology turned out to be misleading and con-
fusing and provided nightmares to generations of medical students, generalists, 
and specialists for several reasons. First, histologically, the lesions of CLE can 
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often not be classifi ed in one of the three acute, subacute, or chronic subsets. 
Second, interface dermatitis is also observed in other conditions, such as dermato-
myositis, drug reactions, or graft-versus-host disease [ 24 ]. Third, entities poten-
tially observed in SLE, such as papulonodular mucinosis of LE and Jessner’s 
lymphocytic infi ltrate of the skin/lupus tumidus or lupus panniculitis, cannot be 
classifi ed histopathologically as specifi c LE lesions since they are lacking interface 
dermatitis. Finally, adjectives referring to  chronology  such as acute, subacute, or 
chronic are used to describe  morphologic  variants and are mixed with ill-defi ned 
extent scores such as localized or disseminated referring to  topography . Ackerman 
regarded at the cutaneous changes associated with ACLE, SCLE, and CCLE as the 
result of the same pathological process [ 25 ]. The observed tissue damage may 
indeed vary according to the intensity of the process and its duration [ 26 ]. In this 
context, we recently proposed a novel classifi cation of lesions of cutaneous signs 
in patients with LE [ 26 ]. This new simple classifi cation is essentially based on fi nd-
ings clinical and from light microscopy studies (Table  7.1 ). The lesions are 

   Table 7.1    Classifi cation of cutaneous signs in patients with lupus erythematosus (LE) [ 26 ]   

 I. “Specifi c” signs of LE 

 Dermo-epidermal LE  Acute 

 Subacute 

 Chronic 

 Indeterminate 

 LE-specifi c vesiculobullous disease 

 Dermal LE  Jessner’s lymphocytic infi ltrate of the skin, tumid 
LE 

 Reticular erythematous mucinosis (REM 
syndrome) 

 Papulonodular mucinosis (of LE) 

 Hypodermal (subcutaneous) LE  Lupus panniculitis 

 II.  Signs indicative of a thrombotic 
vasculopathy 

 Livedo (racemosa-like) 

 Degos-like papules 

 Atrophie blanche 

 Non-infi ltrated acrally located stellar purpura; 
splinter hemorrhage 

 Cutaneous necrosis 

 Anetoderma 

 Thrombophlebitis 

 III. Neutrophilic cutaneous LE  Amicrobial pustulosis of skin folds 

 Bullous LE 

 Neutrophilic dermatosis of (occurring in) 
patients with LE 

 Urticarial vasculitis of LE 

 IV.  Others, of yet uncertain pathogenetic 
signifi cance 
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classifi ed according to the level of the cellular infi ltrate and tissue damage in the 
epidermis, dermis, and/or subcutis. Furthermore, we highlighted in this classifi ca-
tion the clinical very relevant lesions, pointing to the presence of a thrombotic 
vasculopathy and to distinct infl ammatory, neutrophilic-mediated reaction pattern. 
By taking into consideration these variables, all cutaneous lesions in LE can be 
easily classifi ed in clinical practice.

7.4.1       Specific Signs of LE 

7.4.1.1     Dermo-epidermal LE 
 Dermo-epidermal LE encompasses the classic acute, subacute, chronic, indetermi-
nate, and vesiculobullous forms of LE. 

    Acute Cutaneous Lupus Erythematosus (ACLE) 
 ACLE presents most commonly as the classic “malar” or “butterfl y” rash. The lat-
ter, which may occur transiently, can precede the onset of SLE by weeks or months 
and persist for months without evidence of systemic disease. There are typically 
small, discrete erythematous macules and papules in the central areas of the face, 
such as on the nose, chin, front, and then cheeks and malar regions (Fig.  7.1 ). 
Earlobes, scalp, and neck may also be involved. In contrast to dermatomyositis, 
nasolabial folds and periorbital regions are often spared. Lesions may become con-
fl uent, with scaling, erosions, and crusting. Severe facial edema may be observed, 
mimicking dermatomyositis [ 3 ,  27 ]. Erosions and ulcerations of the oral and/or 
nasal mucosa may complicate ACLE.

   In generalized ACLE there are widespread erythematous macular and papular 
lesions, which are found on the lateral aspect of the arms, elbows, shoulders, 
knees, and trunk. Lesions predominate on UV-exposed areas. In contrast to 

  Fig. 7.1    Cutaneous lupus 
erythematosus. Patient 
with lesions on the cheeks 
and on the front. The 
butterfl y distribution is 
typical for acute cutaneous 
lupus erythematosus. 
Nevertheless, the intensity 
and chronicity of the 
process already resulted in 
scarring and pigmentary 
and localized 
hyperkeratotic changes 
characteristic for chronic 
cutaneous lupus 
erythematosus       

 

7 The Spectrum of Cutaneous Manifestations



82

dermatomyositis, erythematous lesions are found between the metacarpophalyn-
geal joints and interphalangeal joints, whereas the knuckles are typically spared. 
Palms and soles may also be affected. 
 As ACLE lesions generally occur in the setting of evolving SLE, patients are often 
treated with steroids and/or immunosuppressors for other reasons such as nephropa-
thy or cytopenia. ACLE then usually regresses without any sequel or leaving tran-
sient pigmentary changes, especially in dark-skin people.  

    Subacute Cutaneous Lupus Erythematosus (SCLE) 
 The lesions of SCLE are typically symmetrically distributed on the upper trunk, 
shoulders, V area of the neck, and arms. There are erythematous macules or pap-
ules which evolve into either scaly papulosquamous psoriasiform lesions or annu-
lar patches and plaques in, respectively, half of the patients (Fig.  7.2a ). Annular 
lesions may enlarge and give rise to large polycyclic lesions. Mixed form with 
both annular and psoriasiform lesions is observed. Healing leads to postinfl amma-
tory hyper- and/or hypopigmentation, atrophic scarring grayish, and 
telangiectasias.   

    Discoid Chronic Cutaneous Lupus Erythematosus (DLE) 
 DLE is the most common form of CCLE. Lesions affect the face, the scalp, and/or 
the neck. In disseminated DLE, which occurs in less than 20 % of the cases, lesions 
spread below the neck. Signifi cant involvement of the back of the hands mainly 
appears in smokers with a complement defi ciency [ 28 ]. Patients with disseminated 
lesions of DLE are considered at increased risk for progression to SLE [ 29 ]. DLE is 
characterized by the presence of a coin-shaped, erythematous plaque of variable 
size associated with an adherent follicular hyperkeratosis (Fig.  7.3a ). There is fi rst 
an erythema with follicular hyperkeratosis, which then progress to atrophy, pigmen-
tary changes, and scarring. The latter are persistent, contrarily to what is observed 
in ACLE and SCLE. On the scalp, depending on the severity and duration of the 
lesions, DLE can lead to scarring alopecia (Fig.  7.3b ).   

    Indeterminant LE 
 Sontheimer used the term of indeterminant LE to describe long-lasting erythema-
tous lesions and plaques without surface alteration, which however shows a LE typi-
cal interface dermatitis (Fig.  7.4 ) on histopathological evaluation. This type of 
lesions does not fi t into the description of any of the classic subsets originally 
described.   

    LE-Specific Vesiculobullous Disease 
 Blistering may be a secondary phenomenon in severe CLE. If the interface changes 
at the dermo-epidermal junction are extensive, the epidermis detaches from the der-
mis. If the damage involves the entire epidermis and is widespread, the changes may 
clinically mimic Stevens-Johnson syndrome or toxic epidermal necrolysis.   
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a

b

  Fig. 7.2    ( a ) Typical 
lesions of subacute 
cutaneous lupus 
erythematosus with 
annular and polycyclic 
confi guration. Note the 
more erythematous and 
scaly infi ltrated borders 
with central clearing and 
pigmentary changes. ( b ) 
Drug-triggered subacute 
cutaneous lupus 
erythematosus. Widespread 
and confl uent erythematous 
plaques on the neck, 
shoulders, back, and upper 
limbs. The lesions are very 
infl ammatory and may 
result in blistering and 
erosions       
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7.4.1.2     Dermal LE 
 Dermal LE includes lupus tumidus and Jessner’s lymphocytic infi ltrate, as well as 
reticular erythematous mucinosis and the papulonodular mucinosis of LE. From a 
pathological point of view, these entities are characterized by a lymphocytic infi l-
trate and mucin deposition, respectively. 

a b

  Fig. 7.3    ( a ) Discoid cutaneous lupus erythematosus. There are erythematous plaques with fol-
licular hyperkeratosis, which have resulted in scarring and pigmentary changes. Certain lesions 
are still active and show an erythematous infl ammatory rim. Note specifi c involvement of the lips 
and vermillion. ( b ) Discoid cutaneous lupus erythematosus of the scalp leading to scarring 
alopecia       

  Fig. 7.4    Histopathology of a LE sample reveals under an interface dermatits a perivascular and 
periadnexal infi trate in the dermis. The epidermidis shows atrophy and a vacuolar basal cell degen-
eration with apoptotic keratinocytes and a marked thickening of the basement membrane. Dermis 
is interested by an edema with mucin deposition       
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    Lupus Erythematosus Tumidus and Jessner-Kanof Lymphocytic Infiltrate 
of the Skin 
 Lupus erythematosus tumidus (LET) differs from other variants of CLE. LET has 
been anecdotally associated with other types of CLE or even SLE. The distinction 
of LET from benign lymphocytic infi ltrate of Jessner-Kanof is virtually impossible 
and often debated: they most likely represent the same condition [ 30 ]. LET is char-
acterized by the development of papular lesions and plaques. The lesions may have 
a succulent, urticaria-like appearance, with reddish or violaceous smooth surface. 
The lesions, which may have an arc-shaped and annular appearance, are located on 
sun-exposed areas, such as the face, upper back, V area of the neck, and extensor 
aspects of the arms and shoulders [ 31 ].  

    Papulonodular Mucinosis 
 The cutaneous mucinoses are a heterogeneous group of disorders characterized by 
aberrant accumulation of glycosaminoglycans between collagen in the dermis [ 32 ]. 
The presence of mucin deposition is a relatively common histological fi nding in 
connective tissue diseases, such as LE and dermatomyositis [ 33 ]. However, mucin 
accumulation is rarely so abundant to produce clinically visible lesions. The latter 
appear as skin-colored or slightly red papules and nodules without epidermal 
changes. Since the fi rst description by Gold [ 34 ], several cases of papulonodular 
mucinosis have been reported in combination with either SLE or DLE. It typically 
involves the trunk and upper extremities, while face and other areas of the body may 
also be affected [ 34 ].   

7.4.1.3     Lupus Panniculitits (Lupus Profundus) 
 Lupus panniculitis (LEP) is another relatively rare but typical form of CLE charac-
terized by the development of painful indurated dermo-hypodermal nodules or 
plaques that result in scarring and skin depression. It typically affects the thighs, the 
upper arms, or the cheek area of the face. LEP may occur either alone, in association 
with other forms of CLE, or in the course of SLE. The histological fi ndings include 
lobular panniculitis with prominent lymphocytic infi ltrate and mucin deposition 
between collagen bundles. Lymphocytic nuclear dust is observed. Differentiation of 
LEP from a panniculitis-like T-cell lymphoma is sometimes challenging.  

7.4.2      Signs Indicative of a Thrombotic Vasculopathy 

 The spectrum of cutaneous lesions related and potentially refl ecting a thrombotic 
vasculopathy is wide. It includes Degos’ like papules, atrophie blanche, livedo (rac-
emosa type), non-infi ltrated acrally located stellar purpura, splinter hemorrhage, 
cutaneous necrosis, anetoderma, and thrombophlebitis. 

 Thrombotic vasculopathy represents an important and prognostic signifi cant sign 
in SLE, since it may lead to devastating complications. In fact 5 years after initial 
diagnosis of SLE, thrombotic and ischemic events represent the main cause of mor-
bidity and mortality [ 35 ]. Degos’ disease, stellar purpura, splinter hemorrhage, and 
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cutaneous necrosis with retiform purpura may constitute the initial presentation of 
an antiphospholipid syndrome. Its diagnosis has relevant prognostic and therapeutic 
implications [ 26 ]: affected patients may develop strokes, ischemic attacks, heart 
valve abnormalities, and hypertension [ 36 ,  37 ]. In these cases, the search and man-
agement of additional cardiovascular risk factors are essential. 

7.4.2.1     Livedo Racemosa 
 Livedo racemosa is one of the most frequent dermatological manifestations in SLE- 
related antiphospholipid syndrome and is found in approximately 20 % of affected 
patients [ 38 ]. It is characterized by a bluish netlike non-infi ltrated discoloration of 
the skin, which is usually observed in a suspended localization (the buttocks, thighs, 
trunk, or even face). In some cases, the livedo fi rst affects the hands and feet and 
then spreads centripetally. In contrast to cutis marmorata, the fi shnet has an  irregu-
lar  reticular patter with “ broken ” circles. In anti-phospholipid antibody-negative 
patients with Sneddon syndrome, the fi shnet is larger and clinically more obvious. 
In SLE patients with livedo racemosa, additional causes have to be considered, 
including cholesterol thrombi and calciphylaxis.  

7.4.2.2     Degos-Like Papules 
 Malignant atrophic papulosis (also called papulosis maligna or Köhlmeier-Degos’ 
disease) presents with porcelain-white atrophic lesions surrounded by an erythema-
tous rim of less than 1 cm in diameter [ 39 ]. Less than 200 cases have been described. 
The lesions occur on the trunk and upper extremities [ 40 ]. The palms, soles, scalp, 
and face are rarely involved. The early lesion is an erythematous papule, which 
becomes porcelain white, atrophic, and depressed in the center, while it is sur-
rounded by a slightly elevated red, sometimes telangiectatic border. Histologically, 
there is a typical wedge-shaped connective tissue necrosis related to the thrombotic 
occlusion of the small arteries [ 41 ]. Patients with generalized disease develop severe 
neurologic, gastrointestinal, and ocular involvement related to ischemia and infarc-
tion. Lesions similar to those observed in Degos’ disease may be found in a subset 
of SLE and are often located acrally.  

7.4.2.3     Thrombophlebitis 
 SLE patients who have antiphospholipid antibodies have an increased risk of devel-
oping venous thromboembolism [ 42 ]. Thrombophlebitis usually occurs within 
1 year after the onset of systemic disease, but may also antedate the diagnosis of 
SLE by several years. Several factors account for the occurrence of thrombophlebi-
tis, such as slow chronic, disseminated intravascular coagulation, vasculitis- 
triggered platelet activation and aggregation, and prolonged immobility.  

7.4.2.4     Anetoderma 
 Anetoderma is a relatively uncommon disorder characterized by a focal decrease or 
loss of elastic tissue in the dermis. Anetoderma presents as a localized herniated or 
punched-out skin lesions [ 43 ]. In practice, after exclusion of an infectious etiology, 
such as syphilis and tuberculosis, the diagnosis of anetoderma should prompt the 
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exclusion of either a systemic immune-mediated disease, such as antiphospholipid 
syndrome, or another hypercoagulable state.  

7.4.2.5     Vasculitis of the Skin 
 Based on a new revised international nomenclature, vasculitis associated with a 
systemic disease is defi ned using a prefi x specifying the association [ 41 ]. The 
denomination of  lupus vasculitis  is nevertheless somehow confusing. First, it does 
not specify the type of vessels or of organs involved. Skin manifestations may be 
highly variable with palpable purpura, urticarial vasculitis, panarteritis nodosa-like 
dermo-hypodermal nodules, or ulcerations. Second, the vasculitis may be due to 
factors independent from SLE, such as drugs and infections [ 2 ]. It should be noted 
that ischemic microinfarcts of the fi ngertips and splinter hemorrhages are usually 
not related to vasculitis, but to coagulation defects. In the latter case, anticoagula-
tion therapy may be effective.   

7.4.3     Neutrophilic Cutaneous LE 

 In patients with SLE and other infl ammatory and immune-mediated disorders, a 
signifi cant infi ltration of the skin by neutrophils may be occasionally observed. In 
addition to bullous LE and urticarial vasculitis, neutrophilic dermatoses such as 
amicrobial pustulosis of the skin folds, Sweet syndrome, and pyoderma gangreno-
sum may occur in patients with SLE [ 44 ,  45 ]. The striking accumulation of neutro-
phils in the skin refl ects the activation of the innate immune response in SLE [ 46 ]. 

7.4.3.1     Amicrobial Pustulosis of Skin Folds 
 Amicrobial pustulosis of skin folds is characterized by the development of papules 
and pustules [ 47 ], with formation of erosive macerated areas and crusts. The lesions 
are symmetrically distributed and localized in large body folds such as the axilla 
and groins. Isolated pustules over the trunk and limbs also occur. External auditory 
meatus, nares, retroauricular fl exures, and interdigital spaces can also be affected as 
well as the scalp. Histologically, there is spongiform subcorneal pustule formation 
together with a superfi cial and deep dermal infi ltrate of neutrophils and lympho-
cytes [ 48 ].  

7.4.3.2     Bullous LE 
 Bullous LE most often occurs in young African Americans with SLE [ 49 ]. Vesicles 
and bullae, which arise on clinically normal-appearing or infl amed skin, occur on 
sun-exposed areas or are widespread. Lesions may have an arciform or fi gurate 
distribution pattern and are accompanied by a burning sensation rather than pruritus 
[ 50 ]. In contrast to epidermolysis bullosa acquisita (EBA), in the vast majority of 
BSLE patients, scarring and milia formation do not occur and there is further a strik-
ing therapeutic response to dapsone [ 51 ]. Histologically, subepidermal vesicles, 
neutrophil microabscesses, nuclear “dust,” and fi brin at the tips of dermal papillae 
are found. Direct immunofl uorescence shows linear deposits of IgG and C3 along 
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the epidermal basement membrane. Affected patients have circulating autoantibod-
ies directed against type VII collagen [ 51 ]. Despite its classifi cation as “neutrophilic 
cutaneous LE” [ 26 ], bullous LEs show thus the same immunopathological features 
of epidermolysis bullosa acquisita, an acquired autoimmune subepidermal bullous 
disease.  

7.4.3.3     Neutrophilic Urticarial Dermatosis 
 Neutrophilic urticarial dermatosis (NUD) was recently delineated as a new entity 
within the spectrum of the neutrophilic dermatoses [ 52 ]. NUD is characterized by 
the development of widespread rose or red macules or slightly elevated papules 
vanishing within 24 h, associated with fever and joint pain. The histopathological 
fi ndings consist of a dense perivascular and interstitial infi ltrate of neutrophils with 
leukocytoclasia but without vasculitis. The development of NUD in a patient with 
known SLE is often mistaken as exacerbation of LE. The therapy of choice of NUD 
is either dapsone or colchicine rather than increasing immunosuppression [ 46 ].   

7.4.4     Other Signs of Yet Uncertain Pathogenesis 

 There are number of conditions which are (or at least seem to be) epidemiologically 
more frequent in SLE. These include neurovascular conditions, such as Raynaud’s 
syndrome, erythromelalgia, as well as granulomatous tissue reactions, such as inter-
stitial granulomatous diseases and rheumatoid nodules. Other lesions such as erup-
tive fi bromas may occur. Their signifi cance in the context of SLE needs to be better 
assessed.   

7.5     Drug Induced Cutaneous LE 

 Approximately 10 % of SLE cases can be related to drugs [ 53 ]. Drug-induced SLE 
usually occurs after several months or years of continuous therapy. Compared to 
“idiopathic” SLE, drug-induced SLE occurs in older people [ 54 ]. Arthralgias, myal-
gias, arthritis, fever, and serositis are often milder than in SLE, whereas malar rash, 
photosensitivity, and oral ulcers are less common [ 55 ]. Drugs involved in drug- 
induced SLE include typically procainamide, hydralazine, isoniazid, diltiazem, and 
minocycline [ 56 ]. 

 It is important to distinguish drug-induced SLE from a relatively common form 
of CLE, drug-induced SCLE [ 57 ], in which the cutaneous involvement is the lead-
ing manifestation. Drug-induced SCLE presents with non-scarring annular or papu-
losquamous eruptions (Fig.  7.3b ). Rarely, pityriasiform, bullous, erythrodermic, 
poikilodermatous, toxic epidermal necrolysis-like, and erythema multiforme-like 
presentations have been described [ 58 ]. Anti-Ro/SSA antibodies are often detect-
able [ 59 ]. 

 Drug-induced SCLE has been associated with several drugs, including most fre-
quently hydrochlorothiazide, antihypertensive agents, proton pomp inhibitors, and 
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terbinafi ne. TNF-alpha antagonists are potential triggers of both drug-induced 
SCLE and DIL. Drug-triggered CLE is rare and typically reported in association 
with the intake of fl uorouracil agents. 

 It has been proposed to divide drug-induced LE into systemic (DI-SLE) with or 
without cutaneous manifestations and DI-LE with predominant skin involvement. 
The latter comprises drug-induced SCLE (DI-SCLE) and drug-induced CCLE 
(DI-CCLE) [ 60 ]. 

 In all cases, when a specifi c drug is considered as potential trigger for the devel-
opment or aggravation of cutaneous or systemic manifestations of LE, it should be 
discontinued whenever possible [ 61 ].  

7.6     Photosensitivity 

 The original SLE classifi cation of the ACR included also photosensitivity as crite-
rion [ 62 ]. “Photosensitivity” was defi ned as a “skin rash as a result of unusual reac-
tion to sunlight by patient history or physician observation.” Unfortunately, this 
defi nition is not precise enough. A variety of other benign conditions are associated 
with light sensitivity, such as polymorphous light eruption, photoallergic contact 
dermatitis, solar urticaria, or porphyrias. The latter, according to the clinical con-
text, may be wrongly classifi ed as SLE. Furthermore, in patients with CLE, inac-
curate assessment of photosensitivity results in an overestimation of SLE [ 63 ]. 
Some authors defi ned photosensitivity as an induction of skin lesions following sun 
exposure, while others also considered sunburn and aggravation of the disease in the 
spring and summer times [ 64 ]. Moreover, UV light exposure is not only able to 
induce and exacerbate lesions of almost all subtypes of CLE [ 65 ], but can also trig-
ger signifi cant organ involvement in SLE, including lupus nephritis [ 66 ]. 

 The frequency of photosensitivity in the different subtypes of CLE has been vari-
ably estimated. This is also due to the lack of well-defi ned criteria for photosensitiv-
ity. Photosensitivity has been reported in 27–100 % of patients with SCLE and in 
25–90 % of patients with DLE [ 67 ]. 

 Photoprovocation tests with different wavelengths are useful to assess the photo-
sensitivity in patients with CLE. UVB, UVA2, and UVA1 can induce de novo or 
exacerbate skin manifestations. When compared to other photodermatoses, such as 
polymorphous light eruption or porphyrias, UV-induced LE-specifi c lesions usually 
do not develop immediately, but after 1 week, and persist up to 2 months. For this 
reason, a number of LE patients do not recognize the association between UV expo-
sure and the induction of skin lesions.  

7.7     CLASI, a Useful Instrument to Assess Cutaneous Activity 

 The Cutaneous Lupus Erythematosus Disease Area and Severity Index (CLASI) is 
a relatively novel tool that quantifi es disease activity and damage in CLE. The activ-
ity score is based on the degree of erythema, scale, mucous membrane lesions, and 
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non-scarring alopecia. Unlike other outcome measures, CLASI scores are not based 
solely on the area of involved skin. Instead, parts of the body that are most visible 
are weighted more heavily than those that are usually covered [ 68 ]. The CLASI has 
been shown to have good content validity, addressing the most relevant aspects of 
CLE  [ 69 ]. 

 CLASI has been found to correlate with the “physicians” and “patients” global 
assessment of disease activity on a 0–10 visual analog scale [ 69 ]. Although the 
CLASI was fi rstly designed as an instrument useful in therapeutic trials, it can eas-
ily and rapidly be employed in clinical practise.  

7.8     Treatment of Cutaneous Lupus Erythematosus: 
Basic Principles 

 The treatment of LE is covered in depth in Chaps.   17     and   18    . The basic principles 
of treating cutaneous LE can be summarized as follows. All patients should use 
broad-spectrum UVA/UVB sunscreen with SPF > 30. Furthermore, the patients 
should be informed about appropriate protective measures (sun avoidance, cloth-
ing, use of hats or wigs). The fi rst-line treatment of CLE lesions includes antima-
larials (mainly hydroxychloroquine and less frequently chloroquine) [ 4 ,  70 ,  71 ]. 
Topical steroids or calcineurin inhibitors can be used for isolated lesions in patients 
without any signs of systemic disease as well as in combination with antimalarials 
or other drugs. The choice of the second-line treatment varies throughout Europe. 
Patients who are refractory to antimalarials are usually treated with either metho-
trexate, azathioprine, or mycophenolate mofetil [ 71 ]. Other options include dap-
sone, acitretin, or thalidomide [ 71 ]. Oral steroids and other immunosuppressants 
are usually not used to treat specifi c LE lesions, except in severe cases with wide-
spread lesions and risk of signifi cant scarring in specifi c situations. Photopheresis, 
belimumab, and rituximab should only be used by very experienced clinicians in 
exceptional situations [ 71 ]. Cessation of cigarette smoking should always be rec-
ommended [ 72 ].  

    Conclusions 
 The spectrum of cutaneous manifestations occurring in SLE is broad. Since they 
can constitute the initial manifestation of the disease, its prompt recognition is 
important for proper management and workup of affected patients. Furthermore, 
the development of distinct cutaneous signs, such as thombo-occlusive and vas-
cular complications, has signifi cant prognostic and therapeutic implications. In 
practice, the fi rst step is to clinically and histologically differentiate between 
LE-specifi c and LE-nonspecifi c lesions [ 22 ]. If CLE is diagnosed, activity and 
damage should be assessed using the CLASI. Appropriate clinical and labora-
tory exams should be performed to exclude extracutaneous involvement. The 
patient should be correctly informed about the cutaneous disease and the poten-
tial development of SLE – even in the absence of extracutaneous fi ndings. It is 
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important to systematically consider the possibility of drug triggers, which 
should be eliminated. The patient should be aware of the aggravating factors, 
such as smoking and sun exposure, and be systematically instructed about sun 
protective measures, such as use of sunscreens, sun avoidance, and use of appro-
priate clothing and hats.     
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         Systemic lupus erythematosus (SLE) is a chronic autoimmune disease defi ned, as 
suggested by J.S. Cameron, by “its clinical picture” typically dominated by prote-
iform signs and symptoms, together with autoantibodies directed against one or 
more nuclear components, in particular, double-stranded DNA Ab (dsDNA). Lupus 
nephritis (LN) consists in kidney involvement in SLE. Glomerular infl ammation 
dominates the histological picture, but any renal structure may be involved to differ-
ent degrees. 

8.1     Epidemiology of Kidney Involvement 

 After more than 40 years of investigation, and despite the huge amount of available 
data on the epidemiology of SLE (and LN), no fi rm conclusions have been reached, 
and results from different studies are heterogeneous, thus leading to a certain degree 
of confusion. Several variables should be considered when predicting the individual 
and collective risk of developing LN and SLE, in particular age, sex, geographic 
location, income, ethnicity, comorbidities, and genetics. 

 The incidence of SLE is now at least threefold higher as compared to estimates 
made in the 1950s [ 1 ]; the reasons underlying this phenomenon are still not fully 
understood. Similarly, the incidence of LN in the United States has progressively 
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increased to 6.9 per 100,000 adults with a prevalence of 30.9 per 100,000 [ 2 ]. When 
subclinical LN is excluded, LN is clinically detectable in 3.1–76.1 % of individuals 
with a diagnosis of SLE [ 3 ,  4 ]. 

 Until the 1970s, the overall survival rates of SLE with LN were comparable to 
those of patients with some solid tumors and ranged from 10 to 50 % 5 years after 
diagnosis. Overall survival in SLE has now progressively improved and has been 
reported to be as high as 91.4 % in recent studies [ 5 ,  6 ]. These data are probably 
infl uenced by the progressive inclusion of subjects with benign disease (previously 
not recognized or not identifi ed by applied diagnostic tests). However, despite the 
recent decrease in overall mortality rate (estimated at 1.4 % and 1.6 % at 5 and 
10 years, respectively), the annual incidence of patients that progress to end-stage 
renal disease (ESRD) because of LN is still high, i.e., 4.9 patients per million/year 
[ 7 ]. Indeed, even an early therapeutic approach is often not suffi cient to prevent the 
decline of renal function in some patients with SLE. 

8.1.1     Risk factors and development of LN 

 Increasing use of oral contraception and estrogen replacement therapy and exposure to 
ultraviolet radiation, pollution, and smoke are some of the potential factors underlying the 
increased prevalence of LN. Female gender is an independent risk factor for SLE, since 
women are six times more likely to be affected than men [ 2 ]; women are also more prone 
to show renal involvement. However, males are likely to develop more aggressive dis-
ease, leading to increased rates of ESRD [ 2 ]. Ethnicity is an important factor that weighs 
on incidence rates and prognosis and thus on the response of LN treatment. The LUMINA 
study, a multiethnic cohort of American individuals affected with SLE, showed that 
Hispanic and African-American individuals were more likely to develop LN (60.6 and 
68.9 %, respectively) [ 8 ] compared to other ethnicities. In 2004, the GLADEL cohort 
confi rmed these observations, showing that the cumulative incidence of renal involve-
ment in SLE patients was 43.6 % in Caucasians, 58.3 % in Mestizos, and 55.3 % in 
African-Latin Americans 32 months after diagnosis [ 9 ]. Socioeconomic factors have 
been found to impact on the onset of LN [ 10 ]. The LUMINA analysis showed that the 
risk of developing LN in individuals having the same ethnic roots but with relevant socio-
political differences, such as Puerto Rican Hispanics (US citizens) and Texan Hispanics 
(recent immigrants), was higher for those in low income groups [ 10 ]. Notably, alcohol 
intake, smoking, and recreational drug use do not appear to affect the onset of LN [ 8 ].   

8.2     Clinical Features of LN 

8.2.1     Clinical Renal Syndrome at Presentation 

 LN is the fi rst manifestation in 20–25 % of patients with SLE. In general, LN devel-
ops within 5 years of SLE diagnosis. Clinical manifestations may be identifi ed by 
six patterns: (1) urinary abnormalities, (2) nephritic syndrome, (3) nephrotic 
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syndrome, (4) acute renal failure, (5) chronic renal failure, and (6) rapidly progres-
sive renal failure. 

 These six patterns may be concurrent, and together they defi ne four main clinical 
presentations:

    (a)    Mild urinary abnormalities (microscopic hematuria, infl ammatory casts, sterile 
leukocyturia) with or without mild to moderate proteinuria. These patients may 
have normal urine sediment most of the time; therefore, to avoid missing this 
subtle presentation of LN, urine analysis should be performed every 6–12 months 
in all SLE patients.   

   (b)    Nephrotic (proteinuria >3.5 g/day, serum albumin <2.5 g/dl) or nephritic syn-
drome (sometimes together) and reduced renal function. They are often con-
comitant with systemic fl ares and suggest proliferative ± class V LN.   

   (c)    Acute renal failure may be the fi rst manifestation of the disease. Although 
infrequent, diffuse glomerular thrombosis induced by antiphospholipid 
antibodies may be observed. Acute interstitial nephritis should be consid-
ered, as should bilateral renal vein thrombosis in patients with nephrotic 
syndrome.   

   (d)    Rapidly progressive renal failure may be an expression of focal segmental or, 
more frequently, diffuse proliferative LN with segmental necrosis and extracap-
illary proliferation.      

8.2.2     Clinical Renal Course During Follow-Up 

 The clinical picture during follow-up can be addressed and classifi ed into three 
groups:

    1.    New onset or persistence of mild urinary abnormalities after induction therapy. 
Despite mild or silent clinical activity, ESRD may occur because of the persis-
tence of smoldering immunological activity.   

   2.    Moderate to severe proteinuria with or without nephrotic syndrome, paired 
with active urinary sediment. Hypertension is usually concomitant. This pat-
tern has poor prognostic value, and ESRD is observed in 50 % of individuals 
after 10 years. Similarly as in the previous pattern,  mild to moderate sero-
logical activity and systemic disease are usually observed, but with more 
aggressive features of systemic involvement, nephrotic syndrome, hyperten-
sion, and renal failure. These individuals have poor overall and renal survival 
rates after 2 years of follow-up due to the challenges related to controlling 
the systemic and renal disease.   

   3.    The last group has an aggressive clinical course defi ned by resistant hyperten-
sion with malignant features (papilledema), encephalopathy, heart failure, and 
rapidly progressive renal failure. Thrombotic microangiopathy (TMA) is the 
most worrisome event [ 11 – 13 ].       
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8.3     Morphological Features 

 Approximately 50 % of patients with SLE develop LN, which increases the risk of 
renal failure, cardiovascular disease, and death. EULAR (European League Against 
Rheumatism), ACR (American College of Rheumatology), and ECS (European 
consensus statement on the terminology for the management of LN) have issued 
guidelines to optimize the management of LN [ 14 – 17 ]. 

8.3.1     Indications for Renal Biopsy in SLE 

 Any sign of renal involvement – in particular, urinary fi ndings such as reproduc-
ible proteinuria ≥0.5 g/24 h, especially with glomerular hematuria and/or cellular 
casts – should be an indication for renal biopsy. Renal biopsy is indispensable as 
clinical, serological, or laboratory tests cannot accurately predict renal biopsy 
fi ndings.  

8.3.2     Pathological Assessment of Kidney Biopsy 

 The use of the International Society of Nephrology/Renal Pathology Society (ISN/
RPS) classifi cation (2003) is recommended, including an assessment of active and 
chronic glomerular and tubulointerstitial changes and of vascular lesions associated 
with antiphospholipid antibodies/syndrome [ 18 ]. The classifi cation of LN has 
evolved over the past 40 years. 

 The current classifi cation, which was proposed in 1982 and revised in 1995, 
refl ects the understanding of the pathogenesis of the various forms of renal injury 
in SLE nephritis. The ISN/RPS classifi cation introduces several important modi-
fi cations, mainly concerning quantitative and qualitative differences in order to 
distinguish between class III and IV lesions. Glomerular immune deposits attrib-
utable to LN, as detected by immunofl uorescence (IF), almost always contain 
dominant polyclonal IgG, as well as C3 and, in most instances, C1q, with variable 
co-deposits of IgA and IgM. The role of electron microscopy (EM) in the diagno-
sis and classifi cation of LN cannot be underestimated and may be essential in 
some cases [ 19 ].

    Class I  
 Class I (Fig.  8.1 ) is defi ned as mesangial immune deposits identifi ed by IF and/or 

EM (Fig.  8.2 ), without glomerular alterations seen by light microscopy.
       Class II  
 Class II (Fig.  8.3 ) is defi ned as mesangial proliferative LN characterized by any 

degree of mesangial hypercellularity (i.e., three or more mesangial cells per 
mesangial area in a 3 μm thick section) associated with mesangial immune 
deposits. IF or EM may show rare, isolated small immune deposits involving the 
peripheral capillary walls in some class II samples.
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      Class III  
 Class III (Fig.  8.4 ) is defi ned as focal LN involving <50 % of all glomeruli. Affected 

glomeruli usually display segmental endocapillary proliferative lesions or inactive 
glomerular scars, with or without capillary wall necrosis and crescents, with sub-
endothelial deposits. A specifi c diagnosis of combined class III and class V LN 
requires membranous involvement of at least 50 % of the glomerular capillary 
surface area in at least 50 % of glomeruli, as shown by light microscopy or IF.

  Fig. 8.1    Minimal mesangial LN (class I)       

  Fig. 8.2    Mesangial immune deposits identifi ed by EM       
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      Class IV  
 Class IV is defi ned as diffuse LN involving 50 % or more of glomeruli in the biopsy 

sample. In the affected glomeruli, the lesions as described below may be seg-
mental, defi ned as sparing at least half of the glomerular tuft, or global, defi ned 
as involving more than half of the glomerular tuft. This class is subdivided into 
diffuse segmental LN (class IV-S) (Fig.  8.5 ) when <50 % of the involved glom-
eruli have segmental lesions and diffuse global LN (class IV-G) (Fig.  8.6 ) when 
>50 % of the involved glomeruli show global lesions. Class IV-S typically shows 
segmental endocapillary proliferation encroaching upon capillary lumen with or 
without necrosis and may be superimposed upon similarly distributed glomeru-
lar scars. Class IV-G is characterized by diffuse and global endocapillary, extra-
capillary, or mesangiocapillary proliferation or widespread wire loops. A 
diagnosis of combined class IV and class V is warranted only if subepithelial 

  Fig. 8.3    Mesangial proliferative LN (class II)       

  Fig. 8.4    Focal and segmental proliferative glomerulonephritis (class III)       
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deposits involve at least 50 % of the glomerular capillary surface area in at least 
50 % of glomeruli as shown by light microscopy or IF. In assessing the extent of 
the lesions, both active and sclerotic lesions should be taken into account.

       Class V  
 Class V (Fig.  8.7 ) is defi ned as membranous LN with global or segmental continu-

ous granular subepithelial immune deposits, often with concomitant mesangial 
immune deposits. Any degree of mesangial hypercellularity may occur in class 
V. When a diffusely distributed membranous lesion is associated with an active 
lesion of class III or IV, both diagnoses are to be reported in the diagnostic line 
(Fig.  8.8 ).

       Class VI  
 Class VI (Fig.  8.9 ) designates biopsies with >90 % global glomerulosclerosis, in which 

there is clinical or pathologic evidence that the sclerosis is attributable to LN.

  Fig. 8.5    Diffuse segmental LN (class IV-S)       

  Fig. 8.6    Diffuse global LN (class IV-G) with >50 % of the involved glomeruli showing global lesions       
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  Fig. 8.7    Membranous LN with global or segmental continuous granular subepithelial immune 
deposits       

  Fig. 8.8    Diffusely distributed membranous lesion associated with an active lesion of class III/IV       

  Fig. 8.9    Global glomerulosclerosis (class VI)       

 

 

 

A. Pani et al. 



103

8.3.3           Histological Follow-Up 

 Histological transformation among different classes of LN has been reported in 
some studies [ 20 ]. However, those studies were mainly retrospective and included 
small cohorts of patients. Moreover, they were based on the previous WHO clas-
sifi cation and therefore not comparable with the new criteria of ISN/RPS classifi -
cation. They concluded that a single biopsy may not be suffi cient to manage LN 
throughout the course of the disease. EULAR/ERA-EDTA guidelines support 
repeating the renal biopsy for the management of adult and pediatric LN. This may 
be the “gold standard” for the therapeutic follow-up in selected cases, such as indi-
viduals with persistent proteinuria lasting more than 1 year and/or worsening GFR, 
or at relapse. However, repeating kidney biopsy may also be considered in other 
clinical patterns, since a considerable percentage of patients are switched to differ-
ent therapeutic strategies based on the results of their second biopsy [ 20 ]. Therefore, 
we suggest that complete remission should be declared only if no immunological 
activity is documented in the renal biopsy. 

8.3.4      Clinical risk factors and prognosis 

 Caucasian race, low baseline proteinuria, early LN diagnosis, low serum creatinine 
(sCr) at diagnosis, stable sCr after 4 weeks of treatment, and class IV±V LN (WHO) 
are predictive of favorable outcomes. Conversely, African race, circulating anti-Ro 
antibodies, class III±V LN (WHO) with ≥50 % severe segmental glomerulonephri-
tis, and refractory disease with the standard of care approach predict poorer out-
comes [ 21 ]. These patients need closer follow-up and, if necessary, more aggressive 
therapeutic regimens. Further predictors of poor outcome that are generally identi-
fi ed at diagnosis include elevated sCr (≥2.4 mg/dl) and low hematocrit (<26 %) [ 22 ]. 

 The previously mentioned clinical variables have to be considered when LN is 
overt; however, LN may occur in a subclinical manner called “silent LN.” Although 
diffi cult to diagnose, the prognosis is encouraging. In 1996, a meta-analysis by 
Gonzales-Crespo et al. considered 193 patients affected with SLE who underwent 
renal biopsy despite no clinical signs of renal disease; 12 % of patients had no his-
tological evidence of LN, 49 % had class II, 21 % had class III, 15 % had class IV 
lesions, and lastly, 3/191 had class V [ 23 ]. Although some histological classes with 
extensive proliferative features were included, outcomes were excellent, i.e., 98 % 
renal survival after 5 years. 

 As with other proliferative renal diseases, the fi rst objective for clinicians is 
to obtain quick and complete remission of immunological activity and an early 
drop in proteinuria [ 24 ]. This approach is exhaustively discussed by Korbet 
et al. who reported a retrospective analysis that demonstrated how patients who 
were fully responsive to induction therapy had outstanding overall survival rates 
(95 %) at 5 and 10 years. Conversely, patients who were classifi ed as refractory 
to standard treatment had overall survival rates between 65 % and 60 % at 5 and 
10 years, respectively. Clearly, renal survival rates were infl uenced as well, 
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being as high as 94 % after 5 and 10 years of treatment in responders and 46 and 
31 % in patients with resistant diseases [ 25 ]. Interestingly, individuals who 
achieved partial remission were more likely to evolve to ESRD as compared to 
those with complete remission: after 10 years of follow-up, those with evidence 
of class IV LN and partial renal response showed overall survival rates of 76 % 
compared to 94 % of complete responders and 19 % of nonresponders, while 
overall renal survival rate was 45 % (92 % complete responders, 13 % nonre-
sponders) [ 26 ].   

8.4     Diagnostic Approach 

 Early diagnosis should be obtained since it improves prognosis and supports clini-
cal remission [ 27 ]. Therefore, a complete diagnostic approach should include the 
following:

•     Urine sediment : direct observation should always be considered in order to 
investigate the presence of infl ammatory casts, leukocytes, crystals or lipid drop-
lets, and structural alterations of red cells. This latter fi nding is strikingly impor-
tant: these cells are called “acanthocytes” (from the Greek word “akanthos” = 
spike) and defi ne infl ammation and blood leaking from glomeruli when ≥5 acan-
thocytes among 100 excreted erythrocytes are found in the urine (acanthocytu-
ria). Red cells lose their ring shape and acquire round processes in the cellular 
membrane due to mechanical stress when they pass through infl amed capillary 
loops. Urine casts are frequently observed, especially granular ones, and are 
composed of red and/or white cells. Hyaline casts are not specifi c indicators of 
tubular injury and may be observed during remission phases. Positive hemoglo-
bin reaction in the urine should be considered as an indirect sign of urinary 
hemolysis; this pattern should raise the suspicion of a concurrent TMA if it is 
associated with renal failure, anemia, and positive intravascular markers of 
hemolysis.  

•    Proteinuria : it is mainly an expression of glomerular involvement and should 
be accurately dosed. If 24 h proteinuria cannot be obtained due to technical 
limits, the proteinuria/creatininuria ratio (uPCR) is a useful tool.  

•    Serum creatinine and estimation of glomerular fi ltration rate : we suggest 
using sCr only for a gross evaluation of renal function. The real glomerular 
fi ltration rate (GFR) should be considered as the main parameter of renal 
function. GFR can be estimated (eGFR) by equations: in particular, the CKD-
EPI equation is the most accurate. GFR can also be measured with expensive 
and less practical analyses that use inert substances fi ltered by glomeruli and 
that are not  infl uenced by tubular input and output (e.g., iothalamate). No 
equations can precisely provide eGFR in individuals with ongoing acute kid-
ney injury.     
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8.5     LN Treatment 

8.5.1     General Principles 

 General SLE treatment is described elsewhere in this textbook. 
 Herewith, there are some general principles for LN therapy. 
 Three different therapeutic approaches are generally considered:

•    General strategies against the progression to ESRD
 –    Antihypertensive therapy with angiotensin-converting enzyme inhibitors 

(ACEIs) and angiotensin II receptor antagonists (ARBs), in an effort to reduce 
proteinuria to below 1 g/day and blood pressure <130/80 mmHg  

 –   Lipid control with diet and/or drugs  
 –   Low-sodium diet (<4 g/day)  
 –   Low-protein diet, depending on the degree of proteinuria  
 –   Avoiding nephrotoxic drugs (e.g., NSAIDs)  
 –   BMI control     

•   Immunomodulating agents, especially in class III/IV LN with A or A/C activity 
indexes with or without class V, and class V alone (see below)  

•   Other immunomodulating agents that infl uence clinical response (e.g., hydroxy-
chloroquine), but that do not achieve remission alone.     

8.5.2     Outcome Measures in LN 

 No single parameter has high diagnostic accuracy in terms of both sensitivity and 
specifi city in predicting a LN fl are. Several composite measures to assess clinical 
response have been used in the past. In general, most clinicians defi ne the clinical 
response of LN on the basis of the following criteria:

•     Complete response :
 –    sCr returns to previous baseline  
 –   Evidence of a declining uPCR (<500 mg/g)     

•    Partial response :
 –    Stabilization (±25 %) or reduction of sCr without complete recovery  
 –   ≥50 % decrease in uPCR  
 –   If nephrotic-range proteinuria is present (uPCR ≥3000 mg/g), a ≥50 % reduc-

tion in uPCR and a uPCR <3000 mg/g may be expected.       

 Moreover, reduced immunological activity is empirically proven by the normal-
ization of urine sediment. In particular, pyuria disappears (≤5 leukocytes per high- 
power fi eld (HPF)) together with infl ammatory casts and hematuria (≤5 dysmorphic 
red cells per high-fi eld magnifi cation, negative red cell casts, and hemoglobin in 
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stick urine test); C3 and C4 levels become nearly or completely normal, and the 
anti-DNA antibody titer decreases. These markers should especially be taken into 
account considering that chronic scarring may defi nitively alter the amount of pro-
teinuria and renal function. 

 Another clinical problem lies in defi ning treatment failure. Some authors pro-
pose “ clinical deterioration ” as the criteria to switch to other therapeutic strategies. 
It is defi ned by a worsening of renal function, in particular of sCr, by more than 
25 % from the beginning of the induction therapy. Other parameters, such as wors-
ening proteinuria and renal biopsy after 3 months of therapy, have not yet been 
validated.

    Minimal mesangial LN (class I)  
 No specifi c treatment is usually required in patients with class I LN. In general, this 

histological class is identifi ed when investigating a suspicion of renal involve-
ment in the context of a systemic fl are or because of confounding variables (e.g., 
lower urinary tract hematuria and leukocyturia for infections).  

   Mesangial proliferative LN (class II)  
 As discussed for class I, it is an infrequent fi nding because most of the time it is 

clinically silent. Conversely, if a podocytopathy is concomitant with a high 
degree of proteinuria, therapy with steroids may be benefi cial as is the case for 
minimal change disease.  

   Focal and segmental proliferative glomerulonephritis  ( class III )  and diffuse prolif-
erative glomerulonephritis  ( class IV ) 

 In the last 10 years, the therapeutic approach to proliferative LN has progressively 
changed: cyclophosphamide (CYC)-based regimens that have dominated clinical 
practice despite being sustained by small randomized trials carried out in the 1980s 
are now shifting to less toxic solutions with proven equal effi cacy. An aggressive 
approach is needed because unlike class I and II LN, class III and IV may evolve 
to ESRD. Renal biopsy is mandatory to plan the therapeutic approach which is 
mainly based on a two-step process: induction and maintenance therapy.     

8.5.3     Induction and Maintenance Therapy of Proliferative LN 

 The role of the induction therapy is to provide a rapid resolution of the infl ammatory 
state before permanent fi brotic changes replace the functional parenchyma. 
Induction therapy in LN bases on conventional and innovative agents. 

  Glucocorticoids (GCs)      GCs alone are not effective at inducing remission of class 
III and IV LN, but they should be associated with almost every immunomodulating 
regimen (see below) [ 28 ]. 

•     i.v. methylprednisolone 500–1000 mg/day for 1–3 days followed by prednisone 
1 mg/kg/day, progressively tapered over 6–12 months     
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  Cyclophosphamide-Based Regimens     Before considering CYC-based regimens, a 
risk and benefi t assessment is mandatory. Infections, infertility, and malignancies 
are the most worrisome short- and long-term side effects. CYC should be titrated 
based on renal function and cumulative dose (max. 36 g/lifetime) [ 29 ].  

 Two CYC-based regimens have been proposed:

•    NIH regimen: i.v. CYC 500–1000 mg/m 2  monthly for 6 months + GCs as 
described above. Mean total cumulative dose: 8 g  

•   Euro-Lupus regimen (low CYC dose): i.v. CYC 500 mg + GCs as above, every 
2 weeks for 3 months. Mean total cumulative dose: 3 g    

 In the 1990s, the need to reduce the incidence of CYC-related side effects, espe-
cially in patients with less aggressive forms of LN, prompted clinicians to modify the 
standard NIH regimen in favor of low-dose CYC regimens. The Euro-Lupus trial 
[ 30 ] was the response to this interest, demonstrating that after a median of 41 months, 
low-dose and high-dose groups had similar remission rates (71 % vs. 54 %, respec-
tively) and renal fl are rates (27 % vs. 29 %), while the high-dose group had an 
increased infection rate. The “quality” of remission (risk of ESRD and malignancy 
rate) was assessed in 2009 by the same authors after long-term follow- up 
(>73 months): only 7 % reached ESRD and the risk of malignancy was equal [ 24 ]. 

 Although strongly debated, these promising response rates in class III and IV 
LN, especially in severe cases with necrosis and crescents, make CYC-based regi-
mens the preferred approach by some authors when compared to mycophenolate 
mofetil (MMF). The low prevalence of ESRD in the Euro-Lupus trial may be 
explained by the persistence of GCs and/or immunomodulatory therapy for years in 
both groups. Based on clinical practice, some authors suggest that high-risk ethnici-
ties, in particular non-Caucasian and non-Asian races, may benefi t from prolonged 
high-dose CYC regimens, although MMF may be a valid alternative as shown in the 
post-hoc analysis of the ALMS trial [ 31 ]. 

 However, in everyday clinical practice, LN is mostly diagnosed in young indi-
viduals in whom gonadal function should be preserved. We feel that in these cases, 
MMF should be preferred to CYC as a fi rst approach. 

  Mycophenolate Mofetil     Interest in MMF rose at the end of the 1990s, with the 
intent to apply the new knowledge on immunomodulating therapy in kidney trans-
plant to native kidney diseases [ 32 ].  

 In 2005, for the fi rst time, MMF proved to be better than i.v. CYC in inducing 
complete remission (22.5 % vs. 5.8 %), and considering combined partial and com-
plete remission rates (52.1 % vs. 30.4 %), it was found to be better even in the short 
term (24 weeks) [ 33 ]. However, the trial was statistically underpowered to demon-
strate the actual superiority of MMF compared to CYC. Later on, in 2009, the 
ALMS study, which included several ethnicities, showed that MMF was equal, but 
not superior to the NIH protocol (88 % and 83 % clinical response, respectively). 
Adverse events, including death and infection rates, did not differ signifi cantly 
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between the two regimens [ 31 ]. Similar fi ndings were documented in Chinese 
patients in the short- and long term [ 34 ,  35 ]. 

 In crescentic LN, MMF seems to be as effective as CYC, though with higher 
complete remission rates (54 % vs. 27 %). In a study by Tang et al., MMF per-
formed remarkably well considering that about 25 % of patients had sCr >3 mg/dlat 
baseline [ 36 ]. 

 In summary, MMF may be used as an alternative to i.v. CYC, although some 
authors still have concerns regarding patients with severe proliferative LN. MMF is 
well tolerated by patients, especially after 1–2 weeks of intake. Unlike CYC, 
gonadal toxicity or bladder cancers are not observed [ 37 ]. 

  Azathioprine (AZA)     AZA is well tolerated and shows fewer side effects compared 
to CYC, but it has never been shown to be superior to MMF. Azathioprine preserves 
remission in pregnancy and has no fetal toxicity. AZA is as effective as CYC at 
inducing remission in proliferative LN and at reducing the incidence of 
ESRD. However, after 5 years, more relapses and short-term infections are observed 
in patients on AZA [ 38 ]. It is still under debate whether AZA may suffi ce to control 
a smoldering renal infl ammation and if it is associated with an increased rate of 
progression to ESRD.  

  Cyclosporine A (CSA)     The CYCLOFA-LUNE trial compared the use of CSA to a 
modifi ed NIH regimen. Differences between arms were not signifi cant after 9 and 
18 months of follow-up [ 39 ]. The safety profi le was similar, and as expected, CSA 
was more likely to result in a transient increase in creatinine, in hypertension, and 
in relapses after tapering. Like AZA, CSA is safe in pregnancy.  

  Multi-target therapy (MTT)     MTT is defi ned as the association of tacrolimus (TAC), 
MMF, and GCs. MTT was superior to i.v. CYC in a Chinese study and showed a 
similar safety profi le [ 40 ,  41 ]. MMT proved to be safe and effective in patients with 
both class IV and V LN and in those refractory to standard MMF regimens. MMT 
may be considered in individuals with relative or absolute contraindications to 
CYC.  

  Rituximab (RTX)     RTX is a promising treatment for LN. However, the LUNAR 
study [ 42 ] showed that RTX in addition to standard of care therapy (MMF and 
GCs) failed to provide further benefi ts. Although RTX is not recommended as 
induction therapy by KDIGO guidelines, we suggest using RTX in class III and IV 
LN, with or without CYC in selected cases including young patients with preg-
nancy perspectives and subjects with relative/absolute contraindications or intoler-
ance to CYC [ 43 ].  

 A RTX-based protocol (RA schedule) has been recently proposed as a 
steroid- sparing regimen including methylprednisolone (500 mg on days 1 and 
15) in the induction phase and MMF as a long-term maintenance treatment 
(Rituxilup trial) [ 43 ]. 
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 A different approach, initially employed as a rescue therapy in refractory LN, has 
been proposed in order to minimize the long-term effects of both corticosteroids and 
the immunosuppressive agents used for remission maintenance. It was based on an 
intensifi ed B-lymphocyte depletion consisting of “four (weekly) plus two (monthly) 
doses” of rituximab (375 mg/sm), associated with two i.v administrations of 10 mg/
kg cyclophosphamide and three pulses of 15 mg/kg methylprednisolone, followed 
by oral prednisone tapered to 5 mg/day in 10 weeks, without further immunosup-
pressive maintenance therapy [ 44 ]. 

  Maintenance Therapy     The maintenance phase aims to avoid relapses once remis-
sion is achieved. The length of treatment is not predetermined and it is based on 
clinical status and history. The goal is to progressively titrate the immunomodulat-
ing agents until discontinuation or to reach the lowest possible dose needed to pre-
vent relapses. Several drugs can be used to maintain remission in LN.  

 MMF is currently preferred. The maintenance phase of the ALMS trial [ 45 ] 
demonstrated that MMF is superior to AZA (16 % vs. 32 %) in reducing the clinical 
endpoints (death, ESRD, relapse, sustained doubling of sCr, need for rescue ther-
apy). Conversely, the MAINTAIN [ 46 ] trial showed no differences between MMF 
and AZA in obtaining the primary endpoint, which includes time to renal fl are, and 
safety profi le. However, more relapses were observed in the AZA group. These data 
were confi rmed in the long-term follow-up (5 years) [ 47 ]. 

 CSA has a good safety profi le and is as effective as AZA [ 48 ]. Therefore, CSA 
may be considered as an option in patients who do not tolerate AZA and MMF.  

8.5.4     Therapy of Membranous LN (Class V) 

 Patients with pure class V LN should be aggressively treated if nephrotic-range 
proteinuria (>3.5 g/day) and increased sCr are present. 

 There is no clear consensus on the best strategy for pure class V. CSA achieved 
remission in 83 % of patients, followed by CYC (60 %) and GCs alone (27 %) in 
one study [ 48 ]. Conversely, as expected, relapse rates were more frequent in the 
CSA arm (60 % after 36 months) as compared to CYC (20 % after 50 months) [ 49 ]. 
Based on the ALMS cohort, MMF and CYC were equally effective after 24 weeks 
of treatment. 

 Patients with class V LN associated with proliferative changes should be treated 
according to the concomitant presence of class III and IV LN (see above) [ 50 – 52 ].      
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9.1             Introduction 

 Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder, which can 
present itself with a wide spectrum of clinical and immunological manifestations. 
Treatment advances in SLE have resulted in an increased survival of patients with 
SLE, and clinicians have become more aware of neuropsychiatric SLE (NPSLE) as 
an important manifestation of SLE [ 1 ]. NPSLE is defi ned as the neurological syn-
dromes of the central, peripheral, and autonomic nervous system and the psychiatric 
syndromes observed in patients with SLE in whom other causes have been excluded 
[ 2 ]. It is the current understanding that the underlying pathology of NPSLE is a 
result of multifactorial sources including the presence of autoantibodies, changes in 
the microvasculature, and the intracranial production of infl ammatory mediators, 
either alone or in combination [ 3 ]. 

 NPSLE involvement is associated with different degrees of morbidity, varies in 
presentation and severity, may overlap, and can be of particular challenge for the 
clinician as symptoms may be diffi cult to distinguish from other neuropsychiatric 
conditions with different etiologies. 
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 The major challenge with regard to diagnosis, treatment, and research within the 
fi eld of NPSLE has been the lack of consensus in classifying the disease, due to the 
fact that the vast majority of the available literature on NPSLE long has been based 
on individual clinical interpretations. With the view of improving the defi nition and 
classifi cation of NPSLE, the American College of Rheumatology agreed in 1999 on 
case defi nitions for 19 different central, peripheral, and autonomic nervous system 
syndromes in patients with SLE for which other causes have been excluded [ 4 ]. 

 The central nervous system (CNS) symptoms, as defi ned by the ACR include focal 
neurological manifestations (cerebrovascular disease, seizures, myelopathy, aseptic 
meningitis, movement disorder, and demyelinating syndrome) or diffuse psychiatric/
neuropsychological syndromes such as cognitive dysfunction, mood and anxiety dis-
orders, psychosis, acute confusional state, and headaches. Peripheral neurologic con-
ditions include cranial neuropathy, polyneuropathy, mononeuropathy, acute 
infl ammatory demyelinating polyradiculoneuropathy (Guillain–Barré syndrome), 
myasthenia gravis, plexopathy, and autonomic disorders as summarized in Table  9.1 .

   This chapter provides an overview of NPSLE including aspects of the ACR clas-
sifi cation and the current understanding of the various manifestations of NPSLE 
with a special emphasis on practical aspects of the diagnosis and management of 
neurological manifestations based on the EULAR management guidelines for the 
treatment guidelines for NPSLE [ 5 ]. The chapter focuses on the central nervous 
system manifestations of NPSLE, and peripheral nervous system manifestations 
will not be discussed in detail.  

9.2     Epidemiology of NPSLE 

 SLE is an autoimmune disorder, which potentially can affect any organ and present 
itself with a wide spectrum of clinical and immunological manifestations. Specifi c 
classifi cation criteria for SLE were updated by the American College of Rheumatology 
(ACR) in 1997 and include the serial or simultaneous presence of 4 of 11 defi ned 
criteria as shown in Table  9.2  [ 6 ]. The Systemic Lupus International Collaborating 
Clinics (SLICC) group has recently revised and validated a new set of classifi cation 
criteria. The SLICC criteria require at least four of the proposed criteria, including at 
least one clinical and one immunological criterion for an SLE classifi cation (Table  9.2 ) 
resulting in fewer misclassifi cations compared to the ACR criteria (Table  9.3 ) [ 7 ].

    The annual incidence (per 100,000) of SLE in Europe ranges between 3.3 per 
year in Iceland and 4.7 in Sweden, compared to 21.9 in the Afro-Caribbeans. The 
prevalence varies according to the studied population, but studies suggest ranges 
between 26 per 100,000 in the UK (including all races) and 42 per 100,000 in 
Sweden, whereas the overall prevalence in the USA is reported lying between 14.6 
and 50 cases per 100,000 persons [ 8 ]. 

 NPSLE consists of a heterogeneous variety of neurological and psychiatric syn-
dromes, none of which are exclusive or specifi c for SLE. The reported prevalence of 
NPSLE varies from 12 to 95 % between studies in which NPSLE criteria were 
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applied to SLE patients. The wide range has been suggested to indirectly refl ect the 
variation in study design, defi nition of neurological involvement, and ethnicity or 
geography, but may also be attributable to the availability of neurological expertise 
and investigations [ 9 – 11 ]. 

 At least half of NPSLE manifestations occur at disease onset or within the fi rst 
year after SLE onset, mainly in the presence of generalized disease activity [ 12 ]. 

 Manifestations such as headache, mood disorders, anxiety, and mild cognitive 
dysfunction are common, but do not usually refl ect overt CNS lupus activity [ 12 ]. 
Cognitive dysfunction and cerebrovascular events correlate with advancing age 
based on data from the general population, but this question has yet to be answered 
for patients with underlying SLE [ 13 ].  

     Table 9.1    Neuropsychiatric syndromes observed in systemic lupus erythematosus   

 Central nervous 
system  ACR criteria (1999) 

 Revision of the ACR criteria 
by Ainiala et al. (2001) a  

 Aseptic meningitis  Aseptic meningitis 

 Cerebrovascular disease  Cerebrovascular disease 

 Demyelinating syndrome  Demyelinating syndrome 

 Myelopathy  Myelopathy 

 Seizure disorders  Seizure disorders 

 Acute confusional state  Acute confusional state 

 Cognitive dysfunction  Cognitive dysfunction (moderate 
or severe) 

 Movement disorder (chorea)  Movement disorder (chorea) 

 Psychosis  Psychosis 

 Mood disorder  Severe depression 

 Anxiety disorder 

 Headache (including migraine and 
benign intracranial hypertension) 

 Peripheral 
nervous 
system 

 Acute infl ammatory demyelinating 
polyradiculoneuropathy (Guillain–
Barré syndrome) 

 Acute infl ammatory demyelinating 
polyradiculoneuropathy (Guillain–
Barré syndrome) 

 Neuropathy, cranial  Neuropathy, cranial 

 Mononeuropathy, single/multiplex  Mononeuropathy, single/multiplex 

 Plexopathy  Plexopathy 

 Myasthenia gravis  Myasthenia gravis 

 Autonomic neuropathy  Autonomic disorder 

 Polyneuropathy  Polyneuropathy with 
electroneuromyographic confi rmation 

   Abbreviations :  ACR  American College of Rheumatology,  SLE  systemic lupus erythematosus 
  a Ainiala et al. performed a cross-sectional validation study on the 1999 ACR criteria, and it was 
shown to have a specifi city of only 46 %; however, exclusion of the syndromes without evidence 
for neuronal damage (headache, mild cognitive dysfunction, and mild mood and anxiety disor-
ders), as well as polyneuropathy without electrophysiological confi rmation, halved the frequency 
of NPSLE diagnosis and increased the specifi city of the 1999 ACR criteria to 91 % [ 47 ]  
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    Table 9.2    1997 update on 1982 ACR classifi cation criteria for SLE   

 Criterion  Defi nition 

 Malar rash  Fixed erythema, fl at or raised, over the malar eminences, tending 
to spare the nasolabial folds 

 Discoid rash  Erythematous raised patches with adherent keratotic scaling and 
follicular plugging; atrophic scarring may occur in older lesions 

 Photosensitivity  Skin rash as a result of unusual reaction to sunlight, by patient 
history or physician observation 

 Oral ulcers  Oral or nasopharyngeal ulceration, usually painless, observed by 
physician 

 Non-erosive arthritis  Involving two or more peripheral joints, characterized by tenderness, 
swelling, or effusion 

 Pleural or pericarditis  Pleuritis, convincing history of pleuritic pain or rubbing heard 
by a physician or evidence of pleural effusion;  OR  pericarditis, 
documented by electrocardiogram or rub or evidence of pericardial 
effusion 

 Renal disorder  Persistent proteinuria >0.5 g/day or > than 3+ if quantitation not 
performed,  OR  

 Cellular casts – may be red cell, hemoglobin, granular, tubular, 
or mixed 

 Neurologic disorder  Seizures – in the absence of offending drugs or known metabolic 
derangements, e.g., uremia, ketoacidosis, or electrolyte imbalance, 
 OR  

 Psychosis – in the absence of offending drugs or known metabolic 
derangements, e.g., uremia, ketoacidosis, or electrolyte imbalance 

 Hematologic disorder  Hemolytic anemia – with reticulocytosis,  OR  leukopenia 
<4,000/mm 3  on ≥2 occasions,  OR  

 Lymphopenia <1,500/mm 3  on ≥2 occasions,  OR  thrombocytopenia 
<100,000/ mm 3  in the absence of offending drugs 

 Immunologic disorder  Anti-DNA: antibody to native DNA in abnormal titer,  OR  anti-Sm: 
presence of antibody to Sm nuclear antigen,  OR  positive fi nding 
of antiphospholipid antibodies on: 

   1. An abnormal serum level of IgG or IgM anticardiolipin 
antibodies 

   2. A positive test result for lupus anticoagulant using a standard 
method 

   3. A false-positive test result for at least 6 months confi rmed by 
 Treponema pallidum  immobilization or fl uorescent treponemal 
antibody absorption test 

 Positive antinuclear 
antibody 

 An abnormal titer of antinuclear antibody by immunofl uorescence 
or an equivalent assay at any point in time and in the absence of 
drugs 

  Any combination of 4 or more of 11 criteria, well-documented at any time during a patient’s his-
tory, makes it likely that the patient has SLE (specifi city and sensitivity are 95 % and 75 %, 
respectively)  
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9.3     Pathogenic Mechanisms of NPSLE 

 The current understanding of the underlying pathological mechanisms which result 
in the multifaceted clinical presentations of NPSLE is suggested to be caused by a 
variety of mechanisms, including vascular injury mediated by mainly antiphospho-
lipid antibodies (aPL) and immune complexes (mainly leading to transient ischemic 
attacks or strokes and seizures) and diffuse neuropsychiatric manifestations (such as 
cognitive impairment) in combination or alone [ 14 ]. 

 With regard to thrombotic ischemic cerebral events, aPL have in the past been 
associated with focal neurological syndromes due to their ability to cause throm-
botic events within vessels of different calibers leading to tissue ischemia [ 15 ]. In 
particular, the role of anticardiolipin (aCL) and lupus anticoagulant (LAC) has been 
investigated in NPSLE. A strong correlation between aPL and the overall frequency 
of neuropsychiatric manifestations was reported in a range of studies [ 16 – 19 ], but 
was questioned in other studies [ 20 – 23 ]. 

   Table 9.3    2012 published SLICC criteria for SLE classifi cation   

  Clinical criteria  

 1. Acute or subacute lupus 

 2. Chronic cutaneous lupus 

 3. Oral/nasal ulcers 

 4. Non-scarring alopecia 

 5.  Infl ammatory synovitis with physician-observed swelling of two or more joints  OR  tender 
joints with morning stiffness 

 6. Serositis 

 7.  Renal: urine protein/creatinine (or 24 h urine protein) representing at least 500 mg of 
protein/24 h or red blood cell casts 

 8.  Neurologic: seizures, psychosis, mononeuritis multiplex, myelitis, peripheral or cranial 
neuropathy, cerebritis (acute confusional state) 

 9. Hemolytic anemia 

 10. Leukopenia (<4,000/mm 3  at least once) OR lymphopenia (<1,000/mm 3  at least once) 

 11. Thrombocytopenia (<100,000/mm 3 ) at least once 

  Immunological criteria  

 1. ANA above laboratory reference range 

 2.  Anti-dsDNA above laboratory reference range (except ELISA: twice above laboratory 
reference range) 

 3. Anti-Sm 

 4.  Antiphospholipid antibody, lupus anticoagulant, false-positive test for syphilis, 
anticardiolipin – at least twice normal or medium-high-titer anti-b2 glycoprotein 1 

 5. Low complement (low C3, low C4, low CH50) 

 6. Direct Coombs test in absence of hemolytic anemia 

  After Petri et al. [ 7 ] 
 Biopsy-proven lupus nephritis with ANA or anti-dsDNA  

9 Neuropsychiatric Systemic Lupus Erythematosus



118

 Menon et al. found the persistent presence of aPL to be associated with cognitive 
impairment [ 24 ]. aCL has been found to be associated with an overall NPSLE 
involvement more often than LAC [ 17 ,  19 ,  25 ]; however, on investigating cerebro-
vascular disease, predominantly stroke, LAC has been proved to be the most 
strongly associated aPL [ 26 – 30 ]. Despite the fact that most data have demonstrated 
an association between aCL and/or LAC and NPSLE, the role of anti-β2 glycopro-
tein I (anti-b2GPI) is less clear. 

 In vitro studies have also suggested a direct modulatory effect of aPL on neuro-
nal cell function [ 31 ] and a pathogenic effect on neuronal cells [ 32 ]. 

 Anti-ribosomal P protein antibodies (aRP) have a high specifi city for SLE and 
have been found to be present in 6–46 % of subjects with SLE [ 33 ]. Elevated titers of 
aRP have been found in patients during SLE fl ares and may be associated with par-
ticular clinical manifestations including NPSLE [ 34 ]. Data from the Systemic Lupus 
International Collaborating Clinics (SLICC) inception cohort on 1,710 patients con-
fi rmed the association between elevated titers of aRP and psychosis [ 29 ]. However, a 
meta-analysis evaluating the diagnostic accuracy of anti-RP for NPSLE for psycho-
sis, mood disorders, or both and for other diffuse manifestations did not confi rm an 
association between aRP and any manifestation of NPSLE. Karassa et al. reported a 
sensitivity and specifi city for the diagnosis of NPSLE of 26 % and 80 %, respec-
tively. For psychosis, mood disorder, or both, the sensitivity and specifi city were 
27 % and 80 %, respectively. For other diffuse manifestations, the sensitivity was 
24 % and the specifi city 80 % [ 35 ]. Consequently, aRP testing does not discriminate 
between patients with NPLSE manifestations compared to those without NPSLE, 
and a role in clinical practice is yet to be fully defi ned. However, high titers of aRP 
are suggested to play a role in patients with suspected SLE psychosis [ 36 ]. 

 Other autoantibodies of interest in the setting of NPSLE are antineuronal antibod-
ies [ 37 ]. This subset of antibodies has been identifi ed in the cerebrospinal fl uid (CSF) 
and postmortem neuronal tissues of patients with NPSLE [ 38 ,  39 ]. Circulating anti-
NR2 antibodies have been associated with NPSLE; however, studies on circulating 
anti-NR2 antibodies are inconsistent [ 40 ], whereas their presence in the CSF seem to 
be more consistent [ 14 ,  41 ,  42 ]. Subsets of the commonly occurring anti- dsDNA 
antibodies in SLE patients have also been suggested to be able to cross react with 
NMDA receptors in the CNS causing diffuse neuropsychiatric manifestations [ 37 ].  

9.4     Classification of NPSLE 

 The fi rst description of neuropsychiatric involvement in a patient with SLE (NPSLE) 
goes back to the nineteenth century [ 43 ]. In details, NPSLE was fi rst described in 
the nineteenth century by Kaposi and Osler in a patient with pleurisy, pneumonia, 
 disturbed neurologic function , and rapid progression to death [ 43 ]. As the neuro-
logical symptoms of NPSLE can present focally, diffusely, centrally, peripherally, 
and psychiatric, in isolation or simultaneously, they remain a challenge for the treat-
ing clinician. Due to this complexity, it is therefore not surprising that the defi nition 
of a uniform terminology and classifi cation long has kept clinicians’ and scientists’ 
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minds busy. Prior to 1999, several classifi cations had been proposed to describe the 
diverse clinical presentations of CNS involvement in SLE, and discrepancies existed 
among recommended methods of evaluation [ 36 ,  44 ,  45 ]. 

 In 1985, How et al. established a range of neurological and psychiatric mani-
festations to support a diagnosis of NPSLE. Accordingly, a classifi cation of 
NPSLE required the presence of one major criterion alone or one minor criterion 
(such as an abnormal fi nding on electroencephalography, nuclear brain scanning, 
CSF examination, or cerebral angiography). It was, however, recommended to 
rule out other causes such as infection, drugs, metabolic causes (such as uremia), 
or hypertension [ 45 ]. 

 Two years later, Singer et al. published a consensus document with the aim to 
ascertain the level of agreement on neuropsychiatric SLE manifestations among a 
group of international experts in autoimmune diseases [ 46 ]. The majority of the 
participating experts felt that the ACR criteria for SLE were “insuffi cient for clinical 
usage” in the setting of NPSLE. Starting from a list of more than 50 possible clini-
cal, laboratory fi ndings and imaging manifestations of neuropsychiatric SLE, only 
four items were selected. These included atypical psychosis, several categories of 
seizures, transverse myelitis, and global cognitive dysfunction. This approach 
would have represented the basis for further studies and could have possibly 
expanded the ACR classifi cation criteria for SLE; however, subsequent validation 
studies were never performed [ 14 ]. 

 In 1997, the ACR Research Committee convened an ad hoc multidisciplinary 
committee consisting of 35 members across specialties, such as rheumatology, neu-
rology, psychiatry, neuropsychiatry, and hematology, with the aim of developing a 
standard nomenclature for neuropsychiatric SLE. The ACR committee developed 
neuropsychiatric SLE case defi nitions with diagnostic criteria, exclusions, associa-
tions, and ascertainment. The implementation of standards and recommendations 
for essential laboratory evaluations and imaging techniques was a main advance-
ment in the attempts to classify NPSLE [ 36 ]. The ACR NPSLE case defi nitions 
include 12 central nervous system syndromes and 7 syndromes of the peripheral 
nervous system compatible with the disease (Table  9.1 ). According to the ACR defi -
nition, the central nervous system symptoms are relatively common in patients with 
NPSLE, accounting for around 93 % of cases [ 9 ]. 

 The defi ned clinical ACR manifestations can be divided in neurological manifes-
tations affecting the CNS (focal or diffuse) and the peripheral syndromes. The fi rst 
group includes aseptic meningitis, cerebrovascular disease, myelopathy, seizures, 
acute confusional state, cognitive dysfunction, movement disorders (chorea), psy-
chosis, mood and anxiety disorders, and headaches. The peripheral syndromes 
encompass the remaining 7 % of NPSLE cases and include acute infl ammatory 
demyelinizing polyradiculoneuropathy (Guillain–Barré syndrome), cranial neurop-
athy, mono- or polyneuropathy (single/multiplex), myasthenia gravis, autonomic 
disorders, and plexopathy (Table  9.1 ). NPSLE classifi cation criteria provide an 
operational framework for the study of NP manifestations in SLE; however, when 
applied to the general population, their specifi city is low due to the occurrence of 
such manifestations in the general population [ 47 ]. 
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 The European League against Rheumatism (EULAR) has recently published a 
guideline for the diagnosis and management of NPSLE manifestations [ 12 ]. One of the 
core statements of the EULAR consensus document is the recommendation, that the 
initial management of these patients should not differ to those without SLE. The treat-
ment recommendations will be mentioned in each subsection of this chapter [ 12 ].  

9.5     Clinical Manifestations, Diagnosis, and Management 
of NPSLE 

9.5.1     Aseptic Meningitis 

 Aseptic meningitis refers to patients who have clinical and laboratory evidence for 
meningeal infl ammation with negative routine bacterial cultures. The most common 
cause is enterovirus. Additional etiologies include other infections, medications, 
and malignancy. Aseptic meningitis is a rare fi nding in SLE patients. If meningitis 
is suspected, any underlying infectious cause must be ruled out. In patients receiv-
ing immunosuppressive therapy, opportunistic pathogens, such as  Listeria monocy-
togenes , reactive tuberculosis, and  Cryptococcus neoformans , should be considered. 
Kim et al. reported from a retrospective cohort of 1,420 SLE patients that 20 (1.4 %) 
were identifi ed with meningitis. In over half of these patients, microorganisms were 
identifi ed, and the most common organism was  Cryptococcus neoformans , and a 
diagnosis of aseptic meningitis was made in nine patients [ 48 ]. Thus, a lumbar 
puncture and analysis of the cerebrospinal fl uid (CSF) are generally indicated if 
meningitis is suspected. CSF results with a white cell count of less than 500 cells/
mm 3 , over 50 % CSF lymphocytes, total protein less than 80–100 mg/dL, and nor-
mal glucose, and a negative Gram stain may suggest aseptic meningitis. 

 A variety of drugs can induce aseptic meningitis which therefore may be consid-
ered if a patient presents with a clinical picture suggesting aseptic meningitis. In 
patients with connective tissue disease, the use of nonsteroidal anti-infl ammatory 
drugs (especially ibuprofen) has in the past been linked to aseptic meningitis [ 49 , 
 50 ]. The treatment of aseptic meningitis is based on supportive management [ 12 ].  

9.5.2     Cerebrovascular Disease 

 Cerebrovascular disease in SLE is in over 80 % of the cases attributable to transient 
ischemic attacks (TIA) or ischemic strokes. The main risk factors are high and per-
sistent SLE activity, cumulative corticosteroid dosage, the persistent presence of 
moderate-to-high titers of aPL, heart valve disease, systemic hypertension, and age 
in itself [ 12 ]. The less commonly seen are hemorrhagic strokes (7–12 %), subarach-
noid hemorrhage (3–5 %), and sinus thrombosis (2 %) [ 12 ,  51 ]. 

 In comparison to the acute onset of focal neurological disease, the mechanisms 
underlying diffuse, multifocal CNS manifestations are less defi ned and less clear in 
presentation and may develop slowly over time not necessarily in association with 
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SLE disease activity [ 52 ]. Magnetic resonance imaging and CT angiography can be 
useful to rule out cerebral hemorrhage, may inform on the localization and the 
extent of the ischemic brain injury, and help to characterize the brain lesion [ 12 ]. 

 The acute management of a stroke in patients with SLE is not different to the 
management in the general population. Stroke teams are available in most centers 
and should be made aware of any patient with a suspected stroke according as, for 
example, described in the UK National Institute of Clinical Excellence (NICE) 
guideline on stroke management [ 53 ]. Thrombolysis may subsequently be consid-
ered in eligible patients, and therapy is otherwise based on anti-aggregation. A full 
work-up for secondary stroke prevention includes the modifi cation of cardiovascu-
lar risk factors (such as hypertension, hypercholesterolemia, diabetes mellitus, etc). 
An electrocardiogram (ECG) and ultrasound of the carotid arteries with or without 
carotid endarterectomy should be performed as part of the work-up. In case of 
underlying SLE activity, this may be managed with steroids and/or immunosuppres-
sive therapy [ 12 ]. 

 In patients with persistent aPL and stroke fulfi lling the classifi cation criteria 
for APS [ 54 ], long-term anticoagulation should be initiated [ 55 ]. The dosage of 
anticoagulation is an ongoing subject of debate. Two randomized controlled tri-
als have compared the standard anticoagulant treatment (target INR 2–3) with 
high-intensity treatment (target INR 3.5), and both studies did not show an 
advantage of high- intensity vitamin K antagonist (VKA) for the prevention of 
recurrent thrombotic events. However, in both studies, patients randomized to 
the high-intensity group frequently did not achieve adequate anticoagulation 
targets. In one of these studies, patients were only in target 43 % of the time and 
included a relatively low number of patients with arterial events [ 56 ]. However, 
in a systematic review of sixteen studies, Ruiz-Irastorza et al. recommended 
high-intensity warfarin therapy for patients with recurrent events while on VKA 
(target 2–3) [ 57 ]. The role of new oral anticoagulants such as direct factor Xa 
and thrombin inhibitors still remains to be determined in this setting awaiting 
results from randomized controlled trials.  

9.5.3     Myelopathy 

 Myelopathy in NPSLE is defi ned as a disorder of the spinal cord characterized by 
rapidly evolving paraparesis and/or sensory loss, with a demonstrable motor and/or 
sensory cord level (to include transverse) and/or sphincter involvement. Usually, the 
myelopathy has rapid onset (hours or days) of one or more of the following diagnos-
tic manifestations: (1) bilateral weakness of legs with or without arms (paraplegia/
quadriplegia), which may be asymmetric, and (2) sensory impairment with cord 
level similar to that of motor weakness, with or without bowel and bladder dysfunc-
tion [ 58 ]. The underlying pathomechanism may be caused by ischemia/thrombosis 
and/or infl ammation, and patients may present with signs of grey matter dysfunc-
tion (which includes fl accidity and hyporefl exia) or white matter dysfunction (such 
as spasticity and hyperrefl exia) [ 52 ,  59 ]. 
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 Neuromyelitis optica (NMO), also known as Devic syndrome, is a severe demy-
elinating disorder of the central nervous system causing longitudinal transverse 
myelitis of at least three vertebral segments, recurrent optic neuritis, and normal 
brain MRI. NMO has been reported in patients with SLE and is associated with the 
presence of anti-aquaporin antibodies (IgG subtype) [ 14 ]. 

 Myelitis is estimated to affect 1–2 % of patients with SLE which is more than 
1,000 times greater than the prevalence of idiopathic myelitis in the general popula-
tion [ 60 ,  61 ]. 

 Transverse myelitis has also been associated with aPL and, in atypical presenta-
tions, an important differential diagnosis remains multiple sclerosis [ 62 ]. Anecdotal 
reports of transverse myelitis associated with aPL have been described since 1985 
when Harris et al. reported it in a 45-year-old woman with a lupus-like illness and 
high-titer aCL of the IgM isotype [ 63 ]. 

 Current views suggest that underlying prothrombotic mechanisms related to 
aPL play a key role in the development of acute transverse myelitis in patients with 
SLE [ 64 – 66 ]. D’Cruz et al. described a series of 15 patients with transverse myeli-
tis as the presenting manifestation of SLE. Seventy percent of the patients were 
aPL positive, supporting the view of a strong association of transverse myelitis 
with aPL [ 67 ]. 

 Contrast-enhanced MRI is the imaging method of choice [ 12 ]. A CSF analysis is 
useful to rule out underlying infection. Immunosuppressive therapy with intrave-
nous methylprednisolone and intravenous cyclophosphamide can be effective in 
SLE myelitis, particularly when instituted within the fi rst few hours of presentation. 
More than half of the patients have relapses; steroids should therefore be tapered 
cautiously and maintenance immunosuppression may be indicated. Plasma exchange 
therapy has been used in severe refractory cases. In case of persistent aPL, antico-
agulation may be indicated [ 68 ,  69 ].  

9.5.4     Seizures 

 Generalized primary seizures and partial seizures are a common neurological mani-
festation found in up to 20 % of patients with SLE (compared with 0.5–1.0 % in the 
general population). Seizures have been described among the early CNS manifesta-
tions and may precede a diagnosis of SLE [ 51 ,  70 ,  71 ]. Cerebrospinal fl uid (CSF) 
pleocytosis is common, suggesting that a low-grade lupus-related encephalopathy 
may be a possible underlying cause. Cerebral atrophy has also been described in 
patients with SLE and may predispose to seizures [ 52 ,  72 ]. 

 Results from the Systemic Lupus International Collaborating Clinics (SLICC 
group) prospective inception cohort of 1,631 SLE patients showed that 4.6 % of 
patients had at least one seizure, most of which occurred around the time of their 
SLE diagnosis. This fi nding is in conjunction with our own fi ndings [ 71 ]. 

 Interestingly, there was some indication that the regular use of antimalarial 
drugs reduced the risk of seizures. A higher risk of seizure was seen within three 
groups, patients with lower education status forslag, patients with more organ 
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damage since the diagnosis of SLE, and lupus patients of African ethnicity forslag. 
There was an association with disease activity but not with autoantibodies [ 70 ]. 
The group also found that seizures due to SLE frequently got better without long-
term seizure medication and without decreasing quality of life. 

 The treatment is based on anticonvulsive therapy, which may be considered in 
patients with high recurrence risk, brain MRI structural abnormalities causally 
linked to seizures, focal neurological signs, partial seizure, and epileptiform EEG 
[ 12 ]. Seizures secondary to SLE disease activity may be treated with glucocorti-
coids and immunosuppression, and in case of refractory seizures, cyclophospha-
mide has been used in anecdotal cases [ 73 ].  

9.5.5     Acute Confusional State 

 Acute confusional state (delirium) has been described in up to 7 % of patients with 
SLE in whom other underlying pathology has been excluded. Characterized by an 
acute-onset variation (or fl uctuation) of the level of consciousness, acute confu-
sional states may at worse progress to a coma [ 12 ]. Milder forms of acute confu-
sional state include the reduced ability to focus attention, mood disturbances, and 
impaired cognition. 

 The initial acute management requires exploration of underlying causes. CSF 
examination is required to exclude any underlying infection. The imaging of choice 
is SPECT; however, possible limitations in expertise and availability may restrict 
clinical practice to CT or MRI in order to rule out ischemic events, underlying hem-
orrhage or malignancy [ 13 ]. Benzodiazepines or antipsychotics may be required in 
the acute setting. Glucocorticoid and immunosuppression play some role and may 
in selected cases have to be escalated to plasma exchange and cyclophosphamide. 
Rituximab has been used in refractory cases [ 68 ,  69 ].  

9.5.6     Cognitive Dysfunction 

 Cognitive dysfunction ranges from mild to moderate or severe impairment and 
manifests itself by reduced cognitive function (such as memory problems or the 
reduced ability of abstract thinking) and is a common fi nding among patients with 
SLE. In up to 80 % of SLE patients, mild to moderate cognitive dysfunction has 
been reported [ 51 ,  74 ], whereas severe cognitive dysfunction is a rare complication 
found in up to 5 % of patients with SLE [ 12 ]. It has been reported to occur in the 
absence of SLE disease activity and fl uctuates over the course of the disease, often 
independently of depression or anxiety [ 14 ]. In patients with persistently aPL, anec-
dotal evidence suggest cognitive impairment to improve on anticoagulation [ 55 ]. 

 A major challenge in diagnosing cognitive impairment remains the fact that other 
common manifestations of SLE, such as fatigue, widespread pain, and depression are 
associated with cognitive impairment [ 14 ]. A study of SLE outpatients showed that 
SLE patients complaining of cognitive dysfunction generally performed normally on 
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neuropsychological tests but had traits of depression whereas actual poor neuropsy-
chological performance not always was noticed by the patient [ 75 ]. 

 The management of cognitive dysfunction is supportive, and exacerbating fac-
tors such as anxiety and depression should be managed accordingly. Bertsias et al. 
have recommended psychoeducational group interventions as being useful. Equally 
may steroids and/or immunosuppressive therapy be considered to control concur-
rent SLE or other NPSLE activity [ 76 ].  

9.5.7     Movement Disorders (Chorea) 

 Movement disorders, such as chorea, ataxia, choreoathetosis, dystonia, and hemibal-
lismus, occur in roughly 1 % patients with SLE [ 29 ]. The existing literature mainly 
consists of anecdotal reports, case reports, and small case series and has been described 
as juvenile SLE onset, associated with the use of contraceptives and in patients with 
aPL [ 77 – 79 ]. Chorea has in the past been associated with the persistent presence of 
aPL [ 80 ]. The underlying pathological mechanisms have been suggested as multifac-
torial; there does not seem to be an exclusive ischemic underlying pathology [ 77 ]. 

 In addition to symptomatic therapy for persistent symptoms (dopamine antago-
nists), antiplatelet agents may be considered in SLE patients with aPL according to 
the recent EULAR guidelines. Glucocorticoids and immunosuppressive and/or anti-
coagulation therapy may be considered in severe cases when generalized disease 
activity and/or thrombotic manifestations are present [ 12 ].  

9.5.8     Psychosis 

 In the context of severe psychiatric manifestations, the WHO has defi ned acute psy-
chosis as an “acute psychotic disorder in which ‘hallucinations, delusions, and per-
ceptual disturbances are obvious but markedly variable, changing from day to day or 
even from hour to hour. Emotional turmoil, with intense transient feelings of happi-
ness and ecstasy or anxieties and irritability, is also frequently present” [ 81 ]. 
According to the EULAR task force report, any patient presenting with possible 
NPSLE should receive the standard of care to rule out underlying causes organic 
systemic disease, metabolic abnormalities, etc. in case of a presentation of any 
NPSLE manifestation, such as acute psychosis. Corticosteroid-induced psychiatric 
disease occurs in 10 % of patients treated with prednisone 1 mg/kg (or more) and 
manifests itself primarily as mood disorder rather than psychosis but remains an 
important differential diagnosis [ 82 ]. NPSLE has been reported to present with para-
noia with visual and auditory hallucinations [ 83 ]. Recovery is usually complete, but 
relapses are not rare, and the treatment may include antidepressive agents, steroids, 
and/or immunosuppressive agents if SLE activity is suspected. In a subgroup analy-
sis from a large single-center study on 751 patients, cyclophosphamide followed by 
azathioprine maintenance therapy has shown a signifi cant effect [ 84 ].  
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9.5.9     Mood and Anxiety Disorders 

 Despite epidemiological controversies, anxiety and depression consistently are one 
of the most commonly reported NPSLE manifestations. The most common psycho-
logical symptom in patients with SLE is depression [ 85 – 88 ]. Depressive symptoms 
may begin acutely accordingly with disease onset [ 89 ], possibly refl ecting the 
patient’s reaction to chronic illness and the associated lifestyle limitations, includ-
ing fatigue, limited sun exposure, and chronic medication use [ 87 ,  90 ]. 

 Some studies have postulated an organic cause. An association has been reported 
between severe depression and aRP antibodies, and antibodies to NMDA receptors, 
but not with other antibodies [ 89 ,  91 – 93 ]. Elevated levels of aRP antibodies have 
been found up to 88 % of these patients [ 91 ,  92 ]. 

 As reported for depression, following the initial diagnosis of SLE, or after an 
acute exacerbation, some patients display symptoms of anxiety, either instead of or 
in addition to depression. The patient may become anxious about a variety of pos-
sible consequences of their illness, including disfi gurement, disability, dependency, 
loss of a job, social isolation, or death. Ishikura et al. showed that prevalence and 
intensity of anxiety in the course of SLE positively correlated with insuffi cient 
knowledge about disease and its therapy, perceived by the patient at the beginning 
of disease, and did not correlate with SLE activity [ 94 ]. Furthermore, Hawro et al. 
reported a shorter SLE duration in patients with anxiety disorder [ 95 ]. Thus, one 
may speculate that patients anxiety may be caused by inadequate knowledge about 
their chronic illness and its treatment options.  

9.5.10     Headaches 

 The term “lupus headache” is used for a particular type of headache directly attrib-
utable to SLE and is a stand-alone variable with comparable defi nitions in at least 
two composite indices of global SLE disease activity: fi rstly, the British Isles Lupus 
Assessment Group (BILAG) 2004 index [ 96 ], which defi nes lupus headache as a 
disabling headache that is unresponsive to narcotic analgesia and lasts >3 days, and 
secondly, the SLEDAI-2K [ 97 ], which defi nes lupus headache as a severe, persis-
tent headache (which may be migrainous, but must be nonresponsive to narcotic 
analgesia). 

 However, the specifi city of this term is under debate as headaches are common 
in SLE patients but probably not more frequent than in the general population of 
similar age and gender. 

 In a review of 50 studies and 115,000 participants in 17 European countries [ 32 ], 
Stovner and Andree reported that the 1-year prevalence of headache in the general 
population was 55 % (62 % in women and 45 % in men) and the lifetime prevalence 
of headache was 77 %. In addition, Stovner et al. reported a 1-year prevalence of 
migraine of 15 % (19 % in women and 8 % in men), and the lifetime prevalence 
rates were 16 % overall (20 % in women and 11 % in men) [ 98 ]. The 1-year 
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prevalence of tension headache was 80 %. Data from the SLICC cohort showed that 
the frequency of headache at the enrollment visit was comparable to the 1-year 
prevalence rates in the general population [ 99 ]. In the SLICC cohort of a total of 308 
patients, 17.8 % had some type of headache. The specifi c headache types were 
migraine in 187 patients (60.7 %), tension in 119 (38.6 %), intractable nonspecifi c 
in 22 (7.1 %), cluster in 8 (2.6 %), and intracranial hypertension in 3 (1.0 %) [ 99 ]. 
The occurrence of headache is not related to overall SLE disease activity and is not 
associated with changes in lupus medications. The majority of headaches in SLE 
patients are unlikely caused by a direct effect of SLE. Regardless of the cause, SLE 
patients with headaches report a lower quality of life. Most headaches in 
SLE patients get better and resolve over time.   

    Conclusions 

 Neuropsychiatric symptoms affect up to half of the patients with SLE. The effect 
on disease severity, quality of life, and prognosis is extremely heterogeneous. 
Symptoms of NPSLE range from mild diffuse conditions to acute life-threaten-
ing events. Although the underlying mechanisms are still largely unraveled, sev-
eral pathogenic pathways have been identifi ed, such as antibody-mediated 
neurotoxicity, vasculopathy due aPL, and cytokine-induced neurotoxicity. 

 A diagnosis of NPSLE requires the exclusion of other conditions, and clinical 
assessment directs the selection of appropriate investigations, including neuro-
imaging to evaluate brain structure and function, analysis of CSF, electrophysi-
ological studies, and neuropsychological assessment. Treatment includes the use 
of symptomatic therapies and specifi c interventions with either anticoagulation 
or immunosuppressive agents, according to the underlying pathogenetic mecha-
nism. The management of comorbidities contributing to the neuropsychiatric 
event is also crucial.     
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  10      Cardiovascular Issues in SLE                     

       Maria     Gerosa     ,     Mara     Taraborelli     ,     Pier Luigi     Meroni     , 
and     Angela     Tincani    

10.1             Introduction 

 Systemic lupus erythematosus (SLE) is a systemic autoimmune disease affecting 
different organs and systems. Heart and vessels are a direct target of the autoim-
mune process, but cardiovascular involvement can be also an indirect consequence 
of the accelerated atherosclerosis associated to the infl ammatory cascade or to the 
disease treatment. Cardiovascular disease (CVD) is a signifi cant cause of morbidity 
and mortality in SLE patients.  

10.2     Cardiovascular Risk in Systemic Lupus Erythematosus 

10.2.1     Epidemiology 

 Urowitz et al. [ 1 ] fi rst described how mortality in SLE follows a bimodal pattern 
with an early peak (fi rst year) related to active disease and a late peak (more than 
5 years after diagnosis) due to premature CVD. Although the overall mortality in 
SLE has signifi cantly reduced over the last decades, mortality due to CVD has not 
signifi cantly improved and CVD still remains one of the leading causes of death in 
those patients [ 2 ]. 
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 The CVD risk is at least doubled in SLE patients compared to the general popu-
lation [ 3 ]. The increased prevalence of CVD is particularly striking in young pre-
menopausal women, who generally are a low-risk category [ 4 ]. Nevertheless, the 
absolute risk of CVD remains higher in older SLE patients [ 3 ]. 

 Accelerated atherosclerosis is responsible for premature CVD in SLE patients 
and has been estimated to develop or progress in 10 % of patients each year [ 5 ]. 
Vascular abnormalities have been observed in SLE patients even close to disease 
diagnosis [ 6 ]. Subclinical atherosclerosis is more prevalent than clinical events and 
was fi rst observed in autopsy studies that showed that up to 50 % of young SLE 
patients had signifi cant coronary artery narrowing [ 7 ,  8 ]. More recent noninvasive 
techniques have confi rmed that observation in living asymptomatic patients. 
Electron beam computed tomography [ 9 ,  10 ] showed coronary artery calcifi cations 
in 30–40 % of SLE patients, and a similar prevalence of carotid artery plaques was 
detected by carotid ultrasound [ 11 ,  12 ] in different studies. More than half of SLE 
subjects have an endothelial dysfunction measured by fl ow-mediated dilation [ 13 ]. 

 Clinical events include coronary artery disease (CAD), heart failure (CHF), cere-
brovascular disease (CVA), and peripheral vascular disease. 

 Most studies reported a two- to tenfold increase of CAD risk in SLE patients 
compared to the general population [ 3 ], but a 50-fold increase has been described in 
young patients aged 35–44 [ 14 ]. Fatal myocardial infarction (MI) has been reported 
to be three times more frequent in SLE patients than controls [ 15 ]. A prolonged 
hospitalization for acute MI [ 16 ] and a worse outcome after coronary revasculariza-
tion procedures defi ned as higher risk of MI or repeated revascularization [ 17 ] have 
been observed in SLE compared to non-SLE patients. The risk of CHF and related 
hospitalization/mortality is also signifi cantly increased in SLE patients compared to 
controls [ 16 ,  18 ]. 

 Similarly to MI, SLE patients have an approximately twofold increase of CVA risk 
compared to controls, and this risk is particular evident in young patients [ 19 – 21 ]. 

 Although no studies reported the relative risk of peripheral vascular disease in 
SLE patients, this complication has been shown to affect very young patients (mean 
age 36.5 years) and to be associated to a higher risk of death in a large cohort [ 22 ].  

10.2.2     Risk Factors 

 Hypercholesterolemia, hypertension, diabetes, and metabolic syndrome have been 
shown to be more prevalent in SLE than in the general population and to be inde-
pendent risk factors for CVD in those patients [ 3 ]. Male sex, older age, and smok-
ing, even if not more prevalent, can contribute to increase that risk. Anyway 
traditional risk factors do not fully explain the premature atherosclerosis and the 
increased incidence of CVD observed in SLE patients [ 23 ]. 

 SLE-related infl ammation is now recognized, as other rheumatic conditions, as 
an independent factor for the development of atherosclerosis. SLE disease activity, 
measured by validated indexes, has been found to be a predictor of CVD in most of 
the studies [ 21 ,  24 ], with renal [ 25 ] and neuropsychiatric [ 26 ] involvement 
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recognized as the most relevant-related factors. No consensus exists about the cor-
relation between disease duration and CVD [ 14 ,  27 ]. Antiphospholipid antibodies 
(aPL) have been associated to a fourfold increase risk of CVD in SLE patients [ 27 ].   

10.3     Pathogenesis of Cardiovascular Involvement 

 Different mechanisms have been recognized as possibly involved in the pathogen-
esis of accelerated atherosclerosis in SLE patients. Recent studies showed that vas-
cular damage is increased (as demonstrated by higher levels of circulating apoptotic 
endothelial cells) and vascular repair is compromised (as shown by lower levels of 
circulating endothelial progenitor cells and myelomonocytic angiogenic cells) in 
SLE [ 28 ]. Interferon alfa (IFN-α), a cytokine that is known to be increased in SLE, 
plays a major role in that altered vasculogenesis by inhibiting proangiogenetic fac-
tors (interleukin 1β and vascular endothelial growth factor) and by upregulating 
antiangiogenetic factors (interleukin 1 receptor antagonist) [ 29 ]. Interferon alfa also 
induces tumor necrosis factor-related apoptosis inducing ligand expression by 
CD4+ T cells, which can increase the risk of plaque rupture [ 30 ]. 

 Tumor necrosis factor α, whose levels are increased in SLE patients and even 
more in those with CVD compared to those without CVD, increases the expression 
of adhesion molecules on the endothelial surface and the production of chemotactic 
proteins with a consequent promoting effect on infl ammation of the atherosclerotic 
plaque [ 31 ]. 

 aPL can contribute to accelerated atherosclerosis by interacting with endothelial 
cells and inducing a proinfl ammatory endothelial phenotype [ 32 ]. Other aPL-related 
mechanisms include the upregulation of tissue factor expression on endothelial cells 
and blood monocytes and the promotion of endothelial leukocyte adhesion, cyto-
kine secretion, and prostaglandin E2 synthesis [ 32 ]. 

 Complement can interact with immune complexes and promote the expression of 
endothelial adhesion molecules [ 33 ]. 

 At last an abnormal chylomicron processing has been observed in SLE, with 
resulting higher levels of proinfl ammatory high-density lipoproteins that can pro-
mote accelerated atherosclerosis as they are not effective in preventing low-density 
lipoprotein oxidation [ 34 ].  

10.4     Prevention 

 Traditional risk factor identifi cation and aggressive reduction in all SLE patients are 
clearly an essential step of CVD prevention; the awareness of patients and physicians 
about those risk factors is increasing over time but is not optimal also in academic 
centers [ 35 ,  36 ]. According to the European League Against Rheumatism (EULAR) 
recommendations for the management of SLE, lifestyle modifi cations (smoking ces-
sation, weight control, exercise) should be encouraged, and depending on the indi-
vidual medication and the clinical situation, other agents (low-dose aspirin, calcium/
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vitamin D, biphosphonates, statins, anti-hypertensives in particular angiotensin 
receptor blockers) should be considered [ 37 ]. Some authors suggested that SLE, as 
diabetes, should be considered as a previous CAD event and that targets for blood 
pressure (<130/80 mmHg) and lipid levels (low-density cholesterol <100 mg/dL) 
should be lower than those recommended for the general population [ 38 ]. 

 Reducing SLE disease activity is the other way to prevent CVD, as demonstrated, 
for example, by the fact that aortic atherosclerosis risk is lower in patients who have 
been treated with cyclophosphamide compared to those who have not received it 
[ 39 ]. Although corticosteroids have anti-infl ammatory effects, they are associated 
with an increase of traditional risk factors (hypertension, diabetes, hypercholester-
olemia). The lowest possible dose for the shortest time should be used to minimize 
those risks. 

 An increasing interest for specifi c drugs used to treat SLE has come to light for 
their potential cardiovascular protective effects in SLE patients. Hydroxychloroquine 
has a cardio- and vasculoprotective effect (by blocking toll-like receptor 7- and 
9-related interferon α release), prevents thrombotic events (by reverting platelet 
aggregation and reducing aPL exposure), and reduces hypercholesterolemia and 
hyperglycemia (by increasing insulin response) [ 40 ]. This drug has been associated 
with an improved survival in SLE patients [ 41 ]. Mycophenolate mofetil has several 
potential antiatherogenic effects including the inhibition oxidative stress, the reduc-
tion of the recruitment of T cells in the plaque, and possibly the improvement of 
high-density lipoprotein activity [ 42 ]. The effect of new biologic drugs in CVD 
prevention in SLE needs to be investigated. 

 Other medications used to treat hypercholesterolemia and diabetes could have a 
role in CVD prevention in SLE. Statins lower lipid levels but also have anti- 
infl ammatory properties that could help to prevent atherosclerosis, like inhibition of 
infl ammatory cytokines/T-cell activation/reactive oxygen species formation and 
nitric oxide synthesis upregulation [ 43 ]. Those medications have been shown to 
reduce atherosclerotic lesions in murine models [ 44 ], but effects described in SLE 
patients are inconsistent (improved endothelium-dependent fl ow-mediated dilation 
versus no signifi cant reduction of coronary calcium/intima media thickness/preven-
tion of cardiovascular events) [ 45 ,  46 ]. Thiazolidinediones have also shown promis-
ing effects in murine models (reduced atherosclerosis) [ 47 ] and in SLE patients 
(improved high-density lipoprotein levels, insulin resistance, and reduced C reac-
tive protein) [ 48 ]. Both these medication effects should be further investigated, and 
their use in SLE patients remains based on standard CVD guidelines.  

10.5     Cardiac Manifestations in Systemic Lupus 
Erythematosus 

 In addition to cardiovascular disease, several other cardiac manifestations can occur 
in SLE patients. The reported prevalence of heart involvement is very variable, rang-
ing from 14 to more than 50 % [ 49 – 51 ]. This inconsistency can be ascribed to several 
reasons, including the heterogeneity of patient populations, the timing of assessment 
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during the course of the disease, but also the differences of the defi nition of heart 
disease and the methodology of evaluation. Moreover, prognosis and survival rates in 
SLE patients have dramatically changed over time together with the improvement of 
the diagnostic and therapeutic armamentarium, leading to important modifi cations of 
the clinical characteristics of the disease [ 52 ]. Postmortem studies report a very high 
rate of silent pericardial, myocardial, or endocardial involvement, while clinically 
evident heart disease is much less common [ 49 ,  51 ,  53 ]. 

10.5.1     Pericarditis 

 Pericarditis is the most common cardiac abnormality and is the only cardiac mani-
festation included both in the “historical” 1997 American College of Rheumatology 
and the “new” 2012 Systemic Lupus International Collaborating Clinics classifi ca-
tion criteria for SLE [ 54 ,  55 ]. The prevalence of symptomatic pericarditis is 
extremely variable among studies, ranging from 5 % to more than 50 % [ 51 ,  56 ]. 
However, subclinical pericardial involvement, such as pericardial thickening or 
mild pericardial effusion, has been detected in a higher proportion of patients (up to 
80 %) in echocardiographic and postmortem evaluations [ 49 – 51 ,  56 ,  57 ]. 

 Acute pericarditis can represent the fi rst manifestation of SLE or manifest during 
disease relapses. It can be isolated or occur as part of a generalized serositis with 
ascites and pleural effusions. Positional precordial chest pain, typically associated 
with fatigue, fever, tachycardia, and friction rubs, characterizes the clinical picture of 
the disease. Pericardial effusion is inconstantly present and mild in most cases, while 
cardiac tamponade is very rare [ 49 – 51 ]. Complement depletion and increase of 
acute-phase proteins are usually observed in the serum. Notably, while C reactive 
protein (CRP) does not signifi cantly change during SLE fl ares, pericarditis is one of 
the few SLE manifestations that can induce a rise of this serological marker [ 57 ,  58 ]. 

 Pericardial infl ammation in SLE is sustained by immune complex deposition and 
subsequent activation of the complement cascade [ 51 ,  59 ]. Accordingly, immuno-
pathological studies have demonstrated the presence of granular deposits of C1q, 
C3, and class G immunoglobulins (IgG) by indirect immunofl uorescence, and 
increased levels of complement split products have been detected in the pericardial 
fl uid [ 59 ]. The pericardial fl uid examination may also demonstrate antinuclear and 
anti-DNA antibodies, leukocytosis, and low glucose levels [ 51 ,  59 ]. 

 Recently, an association between common variants in TRAF3IP2 gene and suscep-
tibility to SLE has been reported. In this study, the variant allele of all the single nucleo-
tide polymorphisms (SNPs) of this gene was signifi cantly associated with development 
of pericarditis, accounting for an odds ratio ranging from 2.38 to 2.59 [ 60 ]. 

 Nonsteroidal anti-infl ammatory drugs (NSAIDs) are the fi rst choice for the treat-
ment of idiopathic and viral pericarditis, but are usually unhelpful in SLE patients. 
Colchicine has been successfully used in cases refractory to NSAIDs; however, data 
in connective tissue diseases are too limited to draw any defi nite conclusion [ 61 ,  62 ]. 
In SLE patients, intermediate doses of oral prednisone (0.5–1 mg per kilogram of 
body weight daily) are usually effective in mild disease, while high-dose intravenous 
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corticosteroids (2–5 mg per kilogram of body weight daily) are requested to control 
more severe pericardial involvement [ 51 ]. In the last years, some authors have 
reported the effectiveness of tocilizumab for the treatment of severe pericarditis in 
SLE patients not responding to high-dose steroids [ 63 – 65 ]. For long-term treatment 
of refractory cases, immunosuppression with azathioprine, methotrexate, or myco-
phenolate mofetil can be benefi cial for the prevention of recurrence [ 51 ]. There are 
no available data regarding the potential use of belimumab in this particular SLE 
manifestation; however, a benefi cial effect of the drug can be hypothesized [ 66 ].  

10.5.2     Myocardial Involvement 

 Since its fi rst description in 1954, lupus carditis has been addressed as a very severe 
manifestation of the disease, contributing to morbidity and mortality of SLE [ 67 ]. 
However, the prevalence of clinically evident infl ammatory myocardial  involvement 
has dramatically decreased from the 55 % of Harvey et al. to less than 10 % of the 
latest publications [ 51 ,  67 ]. A very recent study exploring the occurrence of primary 
cardiac disease in a large cohort of SLE patients reports an incidence of myocarditis 
of 3.5 % [ 50 ]. Such a decrease is likely ascribable to the more aggressive treatment 
of SLE and its major complications in the last decades, based on high-dose steroids 
and immunosuppression. Moreover, the introduction of very sensible imaging tech-
niques, such as echocardiography, scintigraphy, and magnetic resonance imaging 
(MRI), has allowed an earlier diagnosis and a prompt intervention, thus preventing 
severe complications. 

 The clinical symptoms of SLE myocarditis are similar to that of other types of 
myocardial infl ammation and include fever, tachycardia, and signs of ventricular 
dysfunction, leading to dilated cardiomyopathy and CHF [ 51 ]. Typical laboratory 
fi ndings are represented by high erythrocyte sedimentation rate (ESR) and acute- 
phase proteins (including CRP), low C3 and C4, leukocytosis, and increases in the 
cardiac fraction of creatine kinase (CK-MB), troponin T, and troponin I. 

 Histopathological examination of the myocardium can reveal interstitial edema, 
focal necrosis or fi brosis, and focal or diffuse lymphocyte and plasma cell infi ltra-
tions. Indirect immunofl uorescence shows deposition of IgG and complement frag-
ments, suggesting an immune complex-mediated infl ammation [ 59 ]. Recently, high 
expression of TNF-α and interleukin (IL) 8 and IL 10, together with abundant 
deposits of C3a, was demonstrated in the postmortem examination of the myocar-
dium of an SLE patient who died for severe pancarditis [ 68 ]. 

 In addition to acute myocarditis, several studies based on noninvasive diagnostic 
techniques have revealed the presence of subtle, asymptomatic myocardial involve-
ment in a substantial proportion of SLE patients [ 51 ,  56 ,  57 ,  69 – 72 ]. Reduced left 
ventricular ejection fraction (LVEF), diastolic dysfunction, prolonged isovolumic 
relaxation time, left atrial dilation, and increased right ventricular systolic pressure 
have been reported in a very variable percentage in echocardiographic studies [ 51 , 
 56 ,  57 ]. In the last decade, a growing interest has been committed to cardiac mag-
netic resonance (CMR) as a sensitive tool in the evaluation of the structure and 
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function of the myocardium because of its ability to detect early subtle tissue 
changes [ 70 ]. This technique has been suggested to be useful for the detection of 
myocarditis and/or signs of previous myocardial ischemia such as myocardial fi bro-
sis even in asymptomatic patients [ 69 – 71 ]. 

 Given that even mild myocarditis can lead to CHF, it has to be promptly and 
aggressively treated. High-dose intravenous pulse corticosteroids are usually used 
in the acute phase, but intravenous immunoglobulin can be required in refractory 
cases. Maintenance of remission is usually obtained with immunosuppressants, 
namely, cyclophosphamide or azathioprine.  

10.5.3     Valvular Abnormalities 

 Libman-Sacks endocarditis represents the fi rst cardiac manifestation described in SLE 
in 1924 [ 73 ]. It is characterized by sterile, verrucous vegetations or masses, mainly 
affecting the left-side valves. The posterior mitral leafl et is the preferential localization, 
but any of the four valves can be involved. Similar lesions have rarely been described 
on the chordae tendineae, the papillary muscles, and the endocardial surface [ 74 ]. 

 Valve thickening, stenosis, and regurgitation have also been reported in SLE 
patients, with a higher frequency than verrucous endocarditis [ 53 ,  74 ,  75 ]. The prev-
alence of anatomical or functional valvular abnormalities ranges from 11 to 74 % in 
different studies and has increased in the last decades in parallel with the improve-
ment of imaging techniques and the prolonged survival of SLE patients [ 53 ,  74 ]. 
Valvular abnormalities can change over time in SLE patients, and prospective stud-
ies have demonstrated that they can disappear or occur de novo during the course of 
the disease, independently of the disease activity [ 76 ]. Several studies have demon-
strated that transesophageal is signifi cantly superior to transthoracic echocardiogra-
phy for the diagnosis of valve involvement, and more recently CMR has been shown 
to be another sensitive technique [ 71 ,  77 ]. 

 Libman-Sacks endocarditis is asymptomatic in most cases, even if it can occa-
sionally manifest with fever, splinter hemorrhages, new murmur, and arthralgias or 
arthritis, mimicking signs and symptoms of infective endocarditis [ 74 ,  77 ]. 

 Overlying infection, insuffi ciency, and thromboembolism represent the most 
important complications of valvular involvement. Infective endocarditis can super-
impose verrucous lesions, especially in the presence of strong immunosuppression 
[ 74 ,  77 ]. Thus, antibiotic prophylaxis should be recommended in all SLE patients 
with valvular involvement in case of increased risk, such as dental surgical treat-
ment. Thromboembolic events, usually involving the cerebral circulation, can also 
occur and can be independently related to the presence of antiphospholipid antibod-
ies [ 74 ,  75 ]. The presence of valvular vegetations has been recently associated with 
a three- to fi vefold risk of cerebromicroembolism and/or brain lesions [ 78 ]. Valvular 
insuffi ciency and stenosis are rare, but should be taken into account as they can lead 
to symptomatic heart failure and surgical valve replacement [ 74 ]. 

 The association of valvular involvement with aPL has been frequently advocated 
and has been recently confi rmed by a wide meta-analysis including 23 primary 
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studies for a total of 1,656 SLE patients, 508 of whom with valvular disease [ 75 ]. 
This meta-analysis concluded that the overall pooled odds ratio for valvular involve-
ment in aPL-positive patients, in comparison with aPL-negative SLE patients, was 
3.51 and that lupus anticoagulant (LA) displayed the strongest risk (odds ratio 5.88), 
followed by anticardiolipin IgG (odds ratio 5.63) [ 75 ]. 

 In line with these fi ndings, histopathological studies have demonstrated aPL and 
complement deposits on specimens of altered valve leafl ets from aPL-positive patients 
with or without SLE [ 79 ]. Several authors have hypothesized a direct pathogenetic 
role of these autoantibodies, which could eventually enhance thrombus formation on 
valves already deformed by infl ammation and/or complement deposition. 

 The management of asymptomatic valvular involvement is still controversial. 
Steroids have been suggested to be effective in the treatment of Libman-Sacks 
endocarditis, but their use is still controversial, because they can accelerate healing 
of valve vegetations, with fi brosis and valve deformity [ 74 ]. Anticoagulant therapy 
should be recommended to patients with a previous cardioembolic event or in those 
with large valvular lesions. However, several studies report persistent valvular dis-
ease in aPL-positive patients despite oral anticoagulation suggesting that this ther-
apy is not always effective in inducing valve involvement regression [ 74 ].  

10.5.4     Rhythm and Conduction System Disorders 

 Electrocardiographic abnormalities, including conduction and rhythm disturbances, 
have been poorly evaluated in adult SLE patients. 

 Sinus tachycardia is very frequent and can be related to the systemic symptoms 
of the disease, such as fever or anemia, or be associated with other types of cardiac 
involvement, generally pericarditis and/or myocarditis [ 51 ,  80 ]. 

 Atrioventricular blocks, intraventricular conduction defects, and sinus node dys-
function have been rarely reported and can appear as a consequence of myocarditis, 
myocardial ischemia, or fi brosis involving the conduction system [ 80 ]. 

 An increased incidence of prolonged corrected QT (QTc) interval has also been 
reported in SLE patients. As sinus bradycardia and QTc interval prolongation have 
been described, in addition to congenital heart block, in neonatal lupus syndrome 
(NLS), several authors have advocated a possible association of prolonged QTc 
with anti-Ro/SSA antibodies in SLE patients [ 81 – 85 ]. However, data from the lit-
erature are not univocal. Lazzerini et al. have reported a statistically signifi cant pro-
longation of QTc in anti-Ro-/SSA-positive adult patients suffering from various 
systemic autoimmune diseases including SLE [ 86 ,  87 ], while Gordon et al. did not 
confi rm this fi nding in a population of selected anti-Ro-/SSA-positive SLE patients 
[ 88 ]. More recently, Bourré-Tessier et al. showed an increased risk of prolonged 
QTc in anti-Ro-/SSA-positive SLE patients, with an adjusted odds ratio ranging 
from 5.1 to 12.6 [ 84 ]. However, the importance of these data in the clinical practice 
is uncertain and the actual risk of severe complications such as ventricular arrhyth-
mias and sudden death in SLE patients with this conduction abnormality has not 
been established up to now.   
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    Conclusion 

 The cardiovascular system is commonly affected in SLE patients. A careful clin-
ical and instrumental monitoring together with a strict control of modifi able car-
diovascular risk factors is essential to reduce the impact of the disease and to 
increase survival in these patients.     

   References 

    1.    Urowitz MB, Bookman AA, Koheler BE et al (1976) The bimodal mortality pattern of sys-
temic lupus erythematosus. Am J Med 60:221–225  

    2.    Yurkovich M, Vostretsova K, Chen W et al (2014) Overall and cause-specifi c mortality in 
patients with systemic lupus erythematosus: a meta-analysis of observational studies. Arthritis 
Care Res (Hoboken) 66:608–616  

       3.    Schoenfeld SR, Kasturi S, Costenbader KH (2013) The epidemiology of atherosclerotic car-
diovascular disease among patients with SLE: a systematic review. Semin Arthritis Rheum 
43:77–95  

    4.    Manzi S, Selzer F, Sutton-Tyrrell K et al (1999) Prevalence and risk factors of carotid plaque 
in women with systemic lupus erythematosus. Arthritis Rheum 42:51–60  

    5.    Roman MJ, Crow MK, Lockshin MD et al (2007) Rate and determinants of progression of 
atherosclerosis in systemic lupus erythematosus. Arthritis Rheum 56:3412–3419  

    6.    Rajagopalan S, Somers EC, Brook RD et al (2004) Endothelial cell apoptosis in systemic lupus 
erythematosus: a common pathway for abnormal vascular function and thrombosis propensity. 
Blood 103:3677–3683  

    7.    Haider YS, Roberts WC (1981) Coronary arterial disease in systemic lupus erythematosus; 
quantifi cation of degrees of narrowing in 22 necropsy patients (21 women) aged 16 to 37 years. 
Am J Med 70:775–781  

    8.    Bulkley BH, Roberts WC (1975) The heart in systemic lupus erythematosus and the changes 
induced in it by corticosteroid therapy. A study of 36 necropsy patients. Am J Med 58:243  

    9.    Manger K, Kusus M, Forster C et al (2003) Factors associated with coronary artery calcifi ca-
tion in young female patients with SLE. Ann Rheum Dis 62:846  

    10.    Kao AH, Wasko MC, Krishnaswami S et al (2008) C-reactive protein and coronary artery 
calcium in asymptomatic women with systemic lupus erythematosus or rheumatoid arthritis. 
Am J Cardiol 102:755  

    11.    Roman MJ, Shanker BA, Davis A et al (2003) Prevalence and correlates of accelerated athero-
sclerosis in systemic lupus erythematosus. N Engl J Med 349:2399  

    12.    Thompson T, Sutton-Tyrrell K, Wildman RP et al (2008) Progression of carotid intima-
media thickness and plaque in women with systemic lupus erythematosus. Arthritis Rheum 
58:835  

    13.    Recio-Mayoral A, Mason JC, Kaski JC et al (2009) Chronic infl ammation and coronary micro-
vascular dysfunction in patients without risk factors for coronary artery disease. Eur Heart 
J 30:1837–1843  

     14.    Manzi S, Meilahn EN, Rairie JE et al (1997) Age-specifi c incidence rates of myocardial infarc-
tion and angina in women with systemic lupus erythematosus: comparison with the 
Framingham study. Am J Epidemiol 145:408–415  

    15.    Zeller CB, Appenzeller S (2008) Cardiovascular disease in systemic lupus erythematosus: the 
role of traditional and lupus related risk factors. Curr Cardiol Rev 4:116–122  

     16.    Shah MA, Shah AM, Krishnan E (2009) Poor outcomes after acute myocardial infarction in 
systemic lupus erythematosus. J Rheumatol 36:570–575  

    17.    Maksimowic-Mckinnon K, Selzer F, Manzi S et al (2008) Poor 1-year outcomes after percuta-
neous coronary interventions in systemic lupus erythematosus: report from the National Heart, 
Lung, and Blood Institute Dynamic Registry. Circ Cardiovasc Interv 1:201–208  

10 Cardiovascular Issues in SLE



142

    18.    Van der Laan-Baalbergen NE (2009) Heart failure as presenting manifestations of cardiac 
involvement in systemic lupus erythematosus. Neth J Med 67:295–301  

    19.    Hak AE, Karlson EW, Feskanich D et al (2009) Systemic lupus erythematosus and the risk of 
cardiovascular disease: results from the nurses’ health study. Arthritis Rheum 61:1396–1402  

   20.    Mok CC, Ho LY, To CH (2009) Annual incidence and standardized incidence ratio of cerebro-
vascular accidents in patients with systemic lupus erythematosus. Scand J Rheumatol 
38:362–368  

     21.    Bengtsson C, Ohman ML, Nived O (2012) Cardiovascular event in systemic lupus erythema-
tosus in northern Sweden: incidence and predictors in a 7-year follow-up study. Lupus 
21:452–459  

    22.    Burgos PI, Vila LM, Reveille JD et al (2009) Peripheral vascular damage in systemic lupus 
erythematosus: data from LUMINA, a large multi-ethnic U.S. cohort (LXIX). Lupus 
18:1303–1308  

    23.    Esdaile JM, Abrahamowicz M, Grodzicky T et al (2001) Traditional Framingham risk factors 
fail to fully account for accelerated atherosclerosis in systemic lupus erythematosus. Arthritis 
Rheum 44:2331–2337  

    24.    Mikdashi J, Handwerger B, Langenberg P et al (2007) Baseline disease activity, hyperlipid-
emia, and hypertension are predictive factors for ischemic stroke and stroke severity in sys-
temic lupus erythematosus. Stroke 382:281–285  

    25.    Mak A, Mok CC, Chu WP et al (2007) Renal damage in systemic lupus erythematosus: a 
comparative analysis of different age groups. Lupus 16:28–34  

    26.    Urowitz MB, Gladman D, Ibanez D et al (2007) Clinical manifestations and coronary artery 
disease risk factors at diagnosis of systemic lupus erythematosus: data from an international 
inception cohort. Lupus 169:731–735  

     27.    Toloza SM, Uribe AG, McGwin G Jr et al (2004) Systemic lupus erythematosus in a multieth-
nic US cohort (LUMINA). XXIII. Baseline predictors of vascular events. Arthritis Rheum 
50:3947–3957  

    28.    Kahlenberg JM, Kaplan MJ (2011) The interplay of infl ammation and cardiovascular disease 
in systemic lupus erythematosus. Arthritis Res Ther 13:203  

    29.    Denny MF, Thacker S, Mehta H et al (2007) Interferon-alpha promotes abnormal vasculogen-
esis in lupus: a potential pathway for premature atherosclerosis. Blood 110:2907–2915  

    30.    Niessner A, Weyand CM (2010) Dendritic cells in atherosclerotic disease. Clin Immunol 
134:25–32  

    31.    Svenungsson E, Fei GZ, Jensen-Urstad K et al (2003) TNF-alpha: a link between hypertriglyc-
eridaemia and infl ammation in SLE patients with cardiovascular disease. Lupus 12:454–461  

     32.    Meroni PL, Borghi MO, Raschi E et al (2011) Pathogenesis of antiphospholipid syndrome: 
understanding the antibodies. Nat Rev Rheumatol 7:330–339  

    33.    Clancy RM (2000) Circulating endothelial cells and vascular injury in systemic lupus erythe-
matosus. Curr Rheumatol Rep 2:39–43  

    34.    McMahon M, Grossman J, Skaggs B et al (2009) Dysfunctional proinfl ammatory high-density 
lipoproteins confer increased risk of atherosclerosis in women with systemic lupus erythema-
tosus. Arthritis Rheum 60:2428–2437  

    35.    Petri M, Spence D, Bone LR et al (1992) Coronary artery disease risk factors in the Johns 
Hopkins Lupus Cohort: prevalence, recognition by patients, and preventive practices. Medicine 
(Baltimore) 71:291  

    36.    Costenbader KH, Wright E, Liang MH et al (2004) Cardiac risk factor awareness and manage-
ment in patients with systemic lupus erythematosus. Arthritis Rheum 51:983–988  

    37.    Bertsias G, Ioannidis JP, Boletis J et al (2008) EULAR recommendations for the management 
of systemic lupus erythematosus. Report of a task force of the EULAR standing committee for 
international clinical studies including therapeutics. Ann Rheum Dis 67:195–205  

    38.    Bruce IN (2005) ‘Not only…but also’: factors that contribute to accelerated atherosclerosis 
and premature coronary heart disease in systemic lupus erythematosus. Rheumatology 
(Oxford) 44:1492–1502  

M. Gerosa et al.



143

    39.    Roldan C, Joson J, Sharrar J et al (2010) Premature aortic atherosclerosis in systemic lupus 
erythematosus: a controlled transesophageal echocardiographic study. J Rheumatol 37:71–78  

    40.    Costedoat-Chalumeau N, Dunogué B, Morel N et al (2014) Hydroxychloroquine: a multifac-
eted treatment in lupus. Presse Med 43:e167–e180  

    41.    Alarcón GS, McGwin G Jr, Bastian HM et al (2001) Systemic lupus erythematosus in three 
ethnic groups. VII [correction of VIII]. Predictors of early mortality in the LUMINA cohort. 
LUMINA study group. Arthritis Rheum 45:191–202  

    42.    Skaggs BJ, Hahn BH, McMahon M (2012) Accelerated atherosclerosis in patients with SLE – 
mechanisms and management. Nat Rev Rheumatol 8:214–223  

    43.    Forrester JS, Libby P (2007) The infl ammation hypothesis and its potential relevance to statin 
therapy. Am J Cardiol 99:732–738  

    44.    Aprahamian T, Bonegio R, Rizzo J et al (2006) Simvastatin treatment ameliorates autoimmune 
disease associated with accelerated atherosclerosis in a murine lupus model. J Immunol 
177:3028–3034  

    45.    Ferreira GA, Navarro TP, Telles RW, Andrade LE, Sato EI et al (2007) Atorvastatin therapy 
improves endothelial-dependent vasodilation in patients with systemic lupus erythematosus: 
an 8 weeks controlled trial. Rheumatology (Oxford) 46:1560–1565  

    46.    Petri M, Kiani A, Post W et al (2006) Lupus atherosclerosis prevention study (LAPS): a ran-
domized double blind placebo controlled trial of atorvastatin versus placebo. Arthritis Rheum 
54:S520  

    47.    Aprahamian T, Bonegio RG, Richez C et al (2009) The peroxisome proliferator-activated 
receptor gamma agonist rosiglitazone ameliorates murine lupus by induction of adiponectin. 
J Immunol 182:340–346  

    48.    Juarez-Rojas JG, Medina-Urrutia AX, Jorge-Galarza E et al (2012) Pioglitazone improves the 
cardiovascular profi le in patients with uncomplicated systemic lupus erythematosus: a double- 
blind randomized clinical trial. Lupus 21:27–35  

       49.    Riboldi P, Gerosa M, Luzzana C et al (2002) Cardiac involvement in systemic autoimmune 
diseases. Clin Rev Allergy Immunol 23:247–261  

    50.    Garcia MA, Alarcon GS, Boggio G et al (2014) Primary cardiac disease in systemic lupus 
erythematosus patients: protective and risk factors – data from a multi-ethnic Latin American 
cohort. Rheumatology 53:1431–1438  

                 51.    Doria A, Iaccarino L, Sarzi-Puttini P et al (2005) Cardiac involvement in systemic lupus ery-
thematosus. Lupus 14:683–686  

    52.    Urowitz MB, Gladman DD, Tom BD et al (2008) Changing patterns in mortality and disease 
outcomes for patients with systemic lupus erythematosus. J Rheumatol 35:2152–2158  

      53.    Miner JJ, Kim AHJ (2014) Cardiac manifestations of systemic lupus erythematosus. Rheum 
Dis Clin N Am 40:51–60  

    54.    Hochberg MC, Diagnostic and Therapeutic Criteria Committee of the American College of 
Rheumatology (1997) Updating the American College of Rheumatology revised criteria for 
the classifi cation of systemic lupus erythematosus. Arthritis Rheum 40:1725  

    55.    Petri M, Orbai AM, Alarcon GS et al (2012) Derivation and validation of the systemic lupus 
international collaborating clinics classifi cation criteria for systemic lupus erythematosus. 
Arthritis Rheum 64:2677–2686  

       56.    Bourré-Tessier J, Huynh T, Clarke AE et al (2011) Features associated with cardiac abnormali-
ties in systemic lupus erythematosus. Lupus 20:1518–1525  

       57.    Plazak W, Gryga K, Milewski M et al (2011) Association of heart structure and function 
abnormalities with laboratory fi ndings in patients with systemic lupus erythematosus. Lupus 
20:936–944  

    58.    Mok CC, Birmingham DJ, Ho LY et al (2013) High-sensitivity C-reactive protein, disease 
activity, and cardiovascular risk factors in systemic lupus erythematosus. Arthritis Care Res 
65:441–447  

       59.    Jain D, Halushka MK (2009) Cardiac pathology of systemic lupus erythematosus. J Clin 
Pathol 62:584–592  

10 Cardiovascular Issues in SLE



144

    60.    Perricone C, Ciccacci C, Ceccarelli F et al (2013) TRAF3IP2 gene and systemic lupus erythe-
matosus: association with disease susceptibility and pericarditis development. Immunogenetics 
65:703–709  

    61.    Imazio M, Bobbio M, Cecchi E et al (2005) Colchicine in addition to conventional therapy for 
acute pericarditis: results of the COlchicine for acute PEricarditis (COPE) trial. Circulation 
112:2012–2016  

    62.    Imazio M, Brucato A, Cemin R et al (2013) A randomized trial of colchicine for acute pericar-
ditis. N Engl J Med 369:1522–1528  

    63.    Iwai A, Naniwa T, Tamechika S et al (2014) Short-term add-on tocilizumab and intravenous 
cyclophosphamide exhibited a remission-inducing effect in a patient with systemic lupus ery-
thematosus with refractory multiorgan involvements including massive pericarditis and glo-
merulonephritis. Mod Rheumatol 30:1–4 [Epub ahead of print]  

   64.   Kamata Y, Minota S (2012) Successful treatment of massive intractable pericardial effusion in 
a patient with systemic lupus erythematosus with tocilizumab. BMJ Case Rep. pii: 
bcr2012007834  

    65.    Maeshima K, Ishii K, Torigoe M et al (2012) Successful tocilizumab and tacrolimus treatment 
in a patient with rheumatoid arthritis complicated by systemic lupus erythematosus. Lupus 
21:1003–1006  

    66.    Ginzler EM, Wallace DJ, Merrill JT et al (2014) Disease control and safety of belimumab plus 
standard therapy over 7 years in patients with systemic lupus erythematosus. J Rheumatol 
41:300–309  

     67.    Harvey AM, Shulman LE, Tumulty PA et al (1954) Systemic lupus erythematosus: review of 
the literature and clinical analysis of 138 cases. Medicine 33:291–437  

    68.    Pomara C, Neri M, Bello S et al (2010) C3a, TNF-a and interleukin myocardial expression in 
a case of fatal sudden cardiac failure during clinic reactivation of systemic lupus erythemato-
sus. Lupus 19:1246–1249  

     69.    Abdel-Aty H, Siegle N, Natusch A et al (2008) Myocardial tissue characterization in systemic 
lupus erythematosus: value of a comprehensive cardiovascular magnetic resonance approach. 
Lupus 17:561–567  

    70.    Mavrogeni S, Bratis K, Markussis V et al (2013) The diagnostic role of cardiac magnetic reso-
nance imaging in detecting myocardial infl ammation in systemic lupus erythematosus. 
Differentiation from viral myocarditis. Lupus 22:34–43  

     71.    O’Neill AG, Woldman S, Bailliard F et al (2009) Cardiac magnetic resonance imaging in 
patients with systemic lupus erythematosus. Ann Rheum Dis 68:1478–1481  

    72.    Edwards NC, Ferro CJ, Townend JN et al (2007) Myocardial disease in systemic vasculitis and 
autoimmune disease detected by cardiovascular magnetic resonance. Rheumatology 
46:1208–1209  

    73.    Libman E, Sacks B (1924) A hitherto undescribed form of valvular and mural endocarditis. 
Arch Intern Med 33:701–737  

            74.    Lee JL, Naguwa SM, Cheema GS et al (2009) Revisiting Libman-Sacks endocarditis: a histori-
cal review and update. Clin Rev Allergy Immunol 36:126–130  

       75.    Zuily S, Regnault V, Selton-Suty C et al (2011) Increased risk for heart valve disease associ-
ated with antiphospholipid antibodies in patients with systemic lupus erythematosus. 
Circulation 124:215–224  

    76.    Roldan CA, Shively BK, Crawford MH (1996) An echocardiographic study of valvular heart 
disease associated with systemic lupus erythematosus. N Engl J Med 335:1424–1430  

      77.    Roldan CA, Qualls CR, Sopko KS et al (2008) Transthoracic versus transesophageal echocar-
diography for detection of Libman–Sacks endocarditis: a randomized controlled study. 
J Rheumatol 35:224–229  

    78.    Roldan CA, Sibbitt WL, Qualls CR et al (2013) Libman-Sacks endocarditis and embolic cere-
brovascular disease. J Am Coll Cardiol Img 6:973–983  

    79.    Ziporen L, Goldberg I, Arad M et al (1996) Libman-Sacks endocarditis in the antiphospholipid 
syndrome: immunopathologic fi ndings in deformed heart valves. Lupus 5:196–205  

M. Gerosa et al.



145

     80.    Seferovic’ PM, Ristic’ AD, Maksimovic R (2006) Cardiac arrhythmias and conduction distur-
bances in autoimmune rheumatic diseases. Rheumatology 45:iv39–iv42  

    81.    Brucato A, Cimaz R, Catelli L et al (2000) Anti-Ro-associated sinus bradycardia in newborns. 
Circulation 102:E88–E89  

   82.    Costedoat-Chalumeau N, Amoura Z, Lupoglazoff JM et al (2004) Outcome of pregnancies in 
patients with anti-SSA/Ro antibodies: a study of 165 pregnancies, with special focus on elec-
trocardiographic variations in the children and comparison with a control group. Arthritis 
Rheum 50:3187–3194  

   83.    Gerosa M, Cimaz R, Stramba-Badiale M et al (2007) Electrocardiographic abnormalities in 
infants born from mothers with autoimmune diseases: a multicenter prospective study. 
Rheumatology 46:1285–1289  

    84.    Bourré-Tessier J, Clarke AE, Huynh T et al (2011) Prolonged corrected QT interval in anti-Ro/
SSA-positive adults with systemic lupus erythematosus. Arthritis Care Res 63:1031–1037  

    85.    Lazzerini PE, Capecchi PL, Laghi-Pasini F (2010) Anti-Ro/SSA antibodies in cardiac arrhyth-
mias in the adults: facts and hypothesis. Scand J Immunol 72:213–222  

    86.    Lazzerini PE, Acampa M, Guideri F et al (2004) Prolongation of the corrected QT interval in 
adult patients with anti-Ro/SSA–positive connective tissue diseases. Arthritis Rheum 
50:1248–1252  

    87.    Lazzerini PE, Capecchi PL, Guideri F et al (2007) Comparison of frequency of complex ven-
tricular arrhythmias in patients with positive versus negative anti-Ro/SSA and connective tis-
sue disease. Am J Cardiol 100:1029–1034  

    88.    Gordon PA, Rosenthal E, Khamashta MA et al (2001) Absence of conduction defects in the 
electrocardiograms [correction of echocardiograms] of mothers with children with congenital 
complete heart block. J Rheumatol 28:366–369    

10 Cardiovascular Issues in SLE



147© Springer International Publishing Switzerland 2016
D. Roccatello, L. Emmi (eds.), Connective Tissue Disease: 
A Comprehensive Guide-Volume 1, Rare Diseases of the Immune System 5, 
DOI 10.1007/978-3-319-24535-5_11

        P.   Alba      (*) 
  Rheumatology Department ,  Hospital Córdoba, Cátedra de Medicina I. UHMI N 3, 
Universidad Nacional de Córdoba ,   Córdoba ,  Argentina   
 e-mail: paulaalba@yahoo.com   

    M.   Khamashta      
  The Lupus Research Unit ,  St. Thomas Hospital ,   London ,  UK   
 e-mail: munther.khamashta@kcl.ac.uk  

  11      Systemic Lupus Erythematosus 
and Pregnancy                     

       Paula     Alba      and     Munther     Khamashta    

         Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease that 
affects predominantly women during their reproductive years. As expected, preg-
nancy is a common event in these women. Pregnancy was not recommended in 
women with lupus in the past because of maternal and fetal complications [ 1 ,  2 ]. A 
better understanding of the disease, the advances of the treatment, and creation of 
specialized multidisciplinary groups with experience in autoimmune diseases 
(involving physicians, obstetricians, pediatricians, and midwives) have led to dra-
matic improvement in disease management and pregnancy outcome over the last 
20 years [ 3 ,  4 ]. However, maternal and fetal complications are still present. Risk 
factors for fetal and obstetric complications are disease activity at the conception 
and during pregnancy, lupus nephritis (LN), arterial hypertension, positive antiphos-
pholipid antibodies (APLs), and anti-Ro/SSA antibodies [ 3 ]. 

11.1     Preconception Counseling 

 Fertility in women with SLE seems to be similar to women in the general popula-
tion, although patients with chronic renal failure, amenorrhea due to previous high 
cumulative dose of cyclophosphamide (Cyc), and active disease may present reduced 
fertility. The risk of ovarian failure due to Cyc treatment is related to the cumulative 
dose of the drug and the administration in women older than 35 years old [ 5 ]. 
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 The management of pregnancy in women with SLE should be started before the 
conception. The preconceptional visit should include a detailed summary of previ-
ous obstetric history and chronic organ damage, recent serologic profi le, current 
disease activity and last fl are date, medical history and risk factors of interest, and 
baseline blood pressure and renal function. Main risks for the mother and the baby 
should be discussed accordingly. High risk factors in lupus pregnancy are adverse 
obstetrical history, cardiac and renal involvement, pulmonary hypertension, intersti-
tial lung disease, disease activity, high dose of steroid treatment, positivity of APLs 
and Ro and La antibodies, and multiparity [ 6 ]. Women with active lupus should 
postpone conception until stable disease remission is achieved at least 6 months 
before conception [ 7 ]. Presence of APL and/or APS is associated with maternal 
thrombosis and fetal mortality and the presence of Ro and La antibodies with con-
genital heart block (CHB) in 2 % of the babies [ 7 – 9 ,  11 ]. Severe chronic renal 
impairment is associated with obstetric complications as preeclampsia and miscar-
riages [ 10 ]. 

 Pregnancy should be contraindicated in some clinical situations (Table  11.1 : 
pregnancy contraindications in SLE). Women with the following conditions 
should avoid to get pregnant: severe lupus fl are or stroke over the last 6 months, 
pulmonary hypertension, moderate to severe heart failure (ejection fraction of left 
ventricle <40 %), severe restrictive lung disease (FVC <1 l), severe chronic renal 
impairment (GFR <35 mil/min), uncontrolled hypertension, and previous severe 
preeclampsia despite therapy with aspirin plus heparin [ 7 ,  9 – 11 ,  13 ]. However, 
the principal contraindication of pregnancy must be symptomatic pulmonary 
hypertension because of 30 % of maternal mortality during pregnancy and puer-
perium [ 14 ,  15 ].

   All the medications that patients received to control the disease should be care-
fully reviewed. Steroids, hydroxychloroquine (HCQ), azathioprine (AZA), and cal-
cineurin inhibitors are considered safe during pregnancy. HCQ is a fundamental 
treatment in SLE because of their protective properties on activity, damage, long- 
term survival, and thrombosis. HCQ has been used successfully in pregnancy as 
steroid-sparing agent, and the discontinuation has been associated with fl ares of the 
disease [ 16 – 22 ]. Moreover, its safety profi le for both mother and the baby has been 
widely addressed [ 16 – 22 ]. Methotrexate (MTX), mycophenolate mofetil, and Cyc 
are teratogenic drugs and they should be avoided and stopped 3 months before the 

  Table 11.1    Contraindications 
of pregnancy in SLE  

 Severe pulmonary hypertension 

 Severe restrictive lung disease 

 Heart failure 

 Uncontrolled hypertension 

 Severe chronic renal impairment 

 Severe preeclampsia despite therapy with aspirin plus 
heparin 

 Recent stroke (6 months) 

 Recent lupus fl are (6 months) 

P. Alba and M. Khamashta



149

conception and they should be replaced by AZA to avoid a lupus fl are (Table  11.2 ) 
[ 16 ,  17 ,  74 ,  75 ]. A recent observational study showed that among patients with pre-
vious LN, replacing MMF with AZA in women with quiescent LN for pregnancy 
planning rarely leads to renal fl ares [ 75 ].

   Belimumab (BM) and rituximab (RTX) are the most used biological drugs in 
lupus. The experience of BM in pregnancy is scarce; hence, the current recommen-
dation is to withdraw it at least 4 months before conception. Animal studies showed 
that BM crossed the placenta, but there is not defi nitive relationship between BM 
and congenital abnormalities [ 76 – 78 ]. In the case of RTX, given the maternal indi-
cations for its use and the heterogenicity of the reports, until more robust data are 
available, women should be counseled against pregnancy for 6–12 months after 
RTX exposure due to the risk of neonatal B cell depletion. 

 The nonsteroidal anti-infl ammatory drugs (NSAIDs) are generally safe in preg-
nancy if they are used for short limited courses. Their use should be withheld toward 
the end of pregnancy (>30–32 weeks) due to increased risk of premature closure of 
baby’s ductus arteriosus. At present, there are not reliable data on selective COX-2 
inhibitors and they should be avoided [ 16 ]. The drugs of choice for managing hyper-
tension in pregnancy are labetalol, methyldopa, and nifedipine and less frequently 
hydralazine and doxazosin. Angiotensin converting enzyme (ACE) inhibitors, 
angiotensin II receptor blockers (ARBs), and diuretics are generally contraindicated 
during pregnancy due to fetal renal impairment and oligohydramnios and increased 
risk of miscarriages.  

  Table 11.2    Medications 
during pregnancy and 
breastfeeding  

 Pregnancy  Breastfeeding 

 NSAIDs  Yes**  Yes 

 Hydroxychloroquine  Yes  Yes 

 Steroids  Yes  Yes 

 Cyclosporine  Yes  Yes 

 Azathioprine  Yes  Yes 

 Mycophenolate mofetil  No  No 

 Methotrexate  No  No 

 Cyclophosphamide  No  No 

 Warfarin  No*  Yes 

 Heparin  Yes  Yes 

 Aspirin (low dose)  Yes  Yes 

 Anti-TNFα  Yes  Yes 

 Rituximab  No  No 

 Abatacept  No  No 

 Belimumab  No  No 

   NAIDs  Nonsteroidal anti-infl ammatory drugs,  TNFα  tumor 
necrosis factor alpha, **(avoid after 32 weeks), warfarin* 
(could be given after 1st trimester)  

11 Systemic Lupus Erythematosus and Pregnancy



150

11.2     Activity Disease in Pregnancy 

 Pregnancy is considered a high-risk time for lupus patients, as fl ares during preg-
nancy have been described. However, whether or not pregnancy increases the risk of 
lupus fl are is still an unsolved question. Several prospective controlled studies have 
shown an increase in lupus fl ares during pregnancy [ 22 – 24 ], while other studies 
showed opposite results [ 25 – 28 ]. However, the lupus fl are rate during pregnancy 
was around 50 % in all the studies. The risk of fl are appears to be dependent on the 
disease activity 6–12 months prior to conception and previous treatment with HCQ 
[ 18 ,  24 ,  29 ]. However, recent studies have shown a reduced frequency of lupus 
fl ares when compared to old studies [ 30 ,  31 ]. 

 Distinguishing pregnancy-related signs and symptoms from certain lupus fea-
tures may sometimes be diffi cult, as they can mimic each other. Assessment by 
experienced physicians is of great importance in order to ensure a correct clinical 
judgment. Fatigue, arthralgia, hair loss, dyspnea, headaches, malar and palmar ery-
thema, edema, anemia, and thrombocytopenia represent some of the most ambigu-
ous manifestations. 

 In pregnancy, erythrocyte sedimentation rate (ESR) is usually raised; hence it 
may not be valid as an activity marker. Serum C3 and C4 levels also rise in preg-
nancy due to increased liver production, so even in women with active lupus, they 
may remain within normal range. Relative variation rather than absolute levels of 
C3 and C4 should be taken into consideration. A drop of 25 % or more in serum 
complement levels should be taken into consideration [ 32 ]. Several activity indexes 
for pregnancy have been used for research purposes; however, physicians should 
take therapeutic decisions by clinical judgment [ 33 ,  34 ]. 

 Lupus fl ares during pregnancy and postpartum are normally non-severe, charac-
terized by articular, dermatological, and mild hematological involvement and are 
usually well controlled with HCQ and short-term introduction or increase in ste-
roids. Nonetheless, severe fl ares with major organ involvement may occur, and the 
patients may require high doses of steroids, pulses of steroids, and early treatment 
with AZA to spare steroids [ 3 ,  16 ,  32 ].  

11.3     Lupus Nephritis and Pregnancy 

 Active LN at conception confers a higher risk of fl are during pregnancy, and even 
women with LN in remission have an increased risk of fl are [ 33 – 44 ]. In contrast, 
patients with no previous renal involvement are at the lowest risk. Arterial hyperten-
sion and renal impairment are important prognostic factors in LN. As a result of 
increased renal blood fl ow in pregnancy, glomerular fi ltration rate (GFR) increases 
by more than 50 %, leading to reduce creatinine level. Increased tubular fl ow may 
increase urine protein leakage; thus levels up to 300 mg/day are considered normal 
in pregnancy. In patients with permanent signifi cant protein loss due to previous 
LN, proteinuria may elevate throughout pregnancy with or without being indicative 
of active nephritis. This phenomenon could explain the variable incidence of renal 
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fl ares (8–64 %) in different studies, while the renal fl ares with renal impairment are 
between 0 % and 23 % [ 33 – 41 ]. Moreover, different defi nitions of lupus fl are could 
also explain it. Moroni et al. defi ned nephritic fl are as an increase more than 30 % 
of serum creatinine plus pathologic urine sediment and proteinuric fl are as an 
increase in proteinuria level (more than 2 g/day if the basal level was less than 3.5 g/
day and the double value if the basal level was in nephrotic range) without creati-
nine serum modifi cation. The authors identify a rate of 25 % of lupus fl ares with this 
defi nition [ 40 ]. Moderate and severe renal insuffi ciency at the conception increases 
the risk to develop maternal hypertension and premature delivery. In patients with 
mild and stable renal impairment and control of blood pressure, the risk of progres-
sion to end-stage renal failure is low. On the other hand, if the patients have moder-
ate renal impairment (serum creatinine between 1.4 and 3.0 mg/dl), the prognosis of 
renal function is worse. Patients with severe renal insuffi ciency have a bad maternal 
and fetal prognosis [ 45 ,  46 ]. A recent meta-analysis evaluated 37 studies in 2,751 
pregnancies with LN and they found the presence of APL and the LN increased the 
risk of maternal hypertension and premature delivery [ 47 ]. However, another retro-
spective study analyzed patients with and without LN, and they found an increased 
number of renal lupus fl ares but the same outcome in terms of fetal survival, prema-
ture delivery, preeclampsia, and weight of birth [ 86 ]. 

 The early diagnosis of lupus fl are is very important for the treatment and progno-
sis. The irreversible renal insuffi ciency has been reported between 0 % and 10 % 
and persistent hypertension in around 13 % of patients [ 35 ,  36 ,  40 ]. 

 Preeclampsia is defi ned as the presence of arterial hypertension plus proteinuria 
after 20 weeks of pregnancy. Patients with SLE, LN, and/or APL present higher risk 
to develop preeclampsia compared with the general population [ 48 ,  49 ]. 
Differentiating preeclampsia from LN may not be straightforward, as both may 
include hypertension, raising proteinuria, edema, renal function impairment, and 
thrombocytopenia, and sometimes both may overlap. Table  11.3  shows useful fi nd-
ings to differentiate preeclampsia from LN. Active urine sediment, the increase in 
serum creatinine level, and the positivity of anti-dsDNA antibodies and lower levels 
of complement could suggest a renal fl are [ 50 ].

  Table 11.3    Differential 
diagnosis of preeclampsia 
and lupus nephritis  

 Preeclampsia  Lupus nephritis 

 Blood pressure  High  Normal/high 

 Platelets  Low/normal  Low/normal 

 Complement  Normal  Low 

 Anti-dsDNA  Normal  High 

 Uric acid  High  Normal 

 Creatinine level  Normal/high  Normal/high 

 Hematuria  Present (+/−)  Present 

 Active urine sediment  No  Yes 

 Extrarenal SLE activity  No  Yes 

 Steroid response  No  Yes 
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   Lupus fl are treatment includes steroids, pulses of steroids, and AZA. Cyc and 
MMF are contraindicated during pregnancy and they should be avoided [ 16 ,  17 ]. 
Tacrolimus is a calcineurin inhibitor and prevents the activation of T cells and the 
transcription of IL-2, and it can be used during pregnancy [ 74 ]. Webster et al. 
reported the use of tacrolimus in 9 LN patients for renal fl ares or maintenance treat-
ment [ 79 ]. 

 Low-dose aspirin started before 16 weeks of gestation reduces the risk of pre-
eclampsia and its complications [ 51 ]. Taking into account its low side effects and 
recent data suggesting its benefi t, antiplatelet therapy for the prevention of pre-
eclampsia is recommended in patients with SLE with or without APL. Some studies 
have evaluated the use of low-dose aspirin plus heparin in patients with severe pre-
eclampsia in previous pregnancies with positive results [ 52 – 54 ]. However, heparin 
is not recommended for prevention of preeclampsia, and prospective studies should 
be done to confi rm these results.  

11.4     Antiphospholipid Syndrome and Pregnancy 

 APLs are found more frequently in patients with SLE (30–40 %) than in the back-
ground of population (1–5 %) and represent the major risk factor for poor obstetric 
outcome [ 55 ,  56 ]. Several studies have identifi ed APL carrier women at increased 
risk of developing preeclampsia, IUGR, prematurity, and fetal loss during preg-
nancy [ 8 ,  11 ,  57 ]. Recurrent pregnancy loss occurs in more than 50 % of women 
with high titers of APL [ 11 ]. A meta-analysis studied the relationship between dif-
ferent APLs (LA, ACL IgG, ACL IgM, and anti-B2 glycoprotein I antibodies) and 
recurrent pregnancy loss. LA, ACL IgG, and ACL IgM had a strong association 
with recurrent pregnancy loss before 24 weeks of pregnancy and ACL IgG with 
early miscarriages (before 13 weeks of pregnancy) [ 58 ]. 

 Treatment of women with obstetric APS is still the subject of controversy and 
should be individualized, as most of the evidence is based on observational studies. 
Current recommendations include low-dose aspirin alone or in association with pro-
phylactic low-molecular-weight heparin (LMWH) for women with recurrent early 
miscarriages (<10 weeks of gestation) and low-dose aspirin plus prophylactic 
LMWH for women with previous fetal death (>10 weeks of gestation) and/or pre-
term delivery (<34 weeks of gestation) [ 11 ,  59 – 64 ] (Table  11.4 ). All women with 
APL positivity should receive low-dose aspirin before the conception to decrease 
the risk of miscarriages and preeclampsia [ 49 ,  51 ,  64 ].

   All women should be assessed regarding risk factors of venous thromboembo-
lism prior to conception and periodically throughout pregnancy and should receive 
thromboprophylaxis accordingly. Anticoagulation doses of LMWH are indicated 
for patients with history of thrombosis, as warfarin is contraindicated in the fi rst 
trimester of pregnancy because of its fetal effects [ 65 ]. All women with APL should 
receive at least prophylactic LMWH for 7 days after delivery in the absence of other 
risk factors. Some experts recommend extending this treatment for 4–8 weeks post-
partum [ 65 ]. In all the patients under treatment with heparin, calcium and vitamin D 
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for prevention of osteoporosis should be considered [ 65 ,  66 ]. On the other hand, 
warfarin and heparin can be used during breastfeeding.  

11.5     Neonatal Lupus 

 Neonatal lupus (NL) is associated with the presence of maternal anti-Ro and anti-La 
antibodies that are present in 30 % of lupus patients and in Sjogren’s syndrome. 
Congenital heart block (CHB) is the most severe complication of NL and happens 
in around 2 % of babies born to anti-Ro/La-positive mothers. This risk increases up 
to 18 % if the mother has already had a child affected by CHB and up to 50 % if she 
has had two children affected [ 12 ,  67 ,  68 ]. The risk of perinatal death among 
affected children is approximately 10–20 %, and most of the surviving children 
need a permanent pacemaker. 

 CHB normally develops between 16 and 24 weeks of gestation and can be 
detected by fetal low heart rate (<60 beats per minute). Early diagnosis is crucial for 
correct management in CHB. Ultrasound is the accepted technique for fetal CHB 
diagnoses. Current recommendations include serial fetal echocardiograms between 
18 and 28 weeks of gestation for pregnant women with anti-Ro/La antibodies. 
When the complete CHB is detected, it is not reversible. Some authors suggest 
dexamethasone treatment as effective in second-degree CHB [ 69 ]. 

 The PR Interval and Dexamethasone Evaluation (PRIDE) study was designed to 
evaluate the effi cacy of dexamethasone treatment to prevent or revert the recently 
diagnosed CHB. This study also evaluated if fi rst-degree heart block was a predictor 
factor to progress to complete heart block. They found the prolongation of PR inter-
val did not predict complete CHB. The presence of echodensities and tricuspid 
regurgitation were early signs of heart damage [ 70 ]. 

 In a murine model, treatment with intravenous immunoglobulins (IVIGs) was 
proved to inhibit anti-Ro/La antibody placental transfer and their consequent fetal 

   Table 11.4    APS treatment in pregnancy   

 Clinical manifestation  Recommendations 

 APL(+) without thrombosis or 
obstetric morbidity 

 Low-dose aspirin (no evidence) 

 APS: early recurrent miscarriages  Low-dose aspirin or aspirin + heparin 

 APS with history of fetal death, 
preeclampsia, IUGR 

 Low-dose aspirin + LMWH prophylactic dose during 
pregnancy and puerperium 

 APS with venous thrombosis  Warfarin is avoided in the 1st trimester 

 Low-dose aspirin + LMWH (anticoagulation dose after 
16 weeks) 

 APS with arterial thrombosis  Warfarin is avoided in the 1st trimester 

 Low-dose aspirin + LMWH anticoagulation dose during 
pregnancy and puerperium 

 APS recurrent pregnancy loss in 
spite of aspirin + LMWH 

 Steroids, HCQ 
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heart damage. Nevertheless, two multicenter prospective studies failed to reduce the 
risk of CBH in women, with a previously affected baby, treated with IVIG during 
pregnancy [ 71 ,  72 ]. A recent multicenter case-control study suggested that, in moth-
ers with anti-Ro/La, exposure to HCQ during pregnancy may decrease the risk of 
fetal development of CHB [ 73 ]. Recently, two other studies showed a decrease in 
recurrences of CHB in mothers who were exposed to HCQ [ 80 ,  81 ,  87 ]. These 
results should be evaluated in future studies.  

11.6     Pregnancy Management 

 Prepregnancy counseling; risk assessment; multidisciplinary approach; antenatal 
and postnatal management plan, together with experienced team; and early recog-
nition of signs related to SLE complications are essential cornerstones for both 
maternal and fetal successful outcomes. The preconceptional visit should include 
a summary of previous obstetric history and chronic organ damage, recent serol-
ogy profi le (APL, anti-Ro/La, anti-dsDNA, complement), current disease activity 
and last fl are date, medical history and risk factors of interest (diabetes, hyperten-
sion, cardiac and cardiovascular problems, nephropathy, thyroid function, detri-
mental habits, and their complications), and baseline blood pressure, urine analysis, 
and renal function [ 82 ]. Anomaly scan and uterine arterial Doppler are recom-
mended around 20 weeks of gestation, and the latter should be repeated around the 
24th week if abnormal. Abnormal wave forms are good predictors of preeclampsia, 
whereas normal results are related to good obstetric outcomes. Ultrasound scans 
(including biophysical profi le and amniotic fl uid volume assessment) around 
28–30 weeks and 32–34 are recommended. Regular umbilical artery Doppler 
should be performed with the previous scans, as their abnormal values are predic-
tors of mortality and risk of fetal compromise. Additional scans may be indicated 
depending on previous obstetric history and the progress of pregnancy [ 83 – 85 ]. 

 Every visit should include urine analysis and maternal assessment with special 
attention to hypertension and other features of preeclampsia. Women with previ-
ous renal and/or hypertensive diseases should have more frequent regular blood 
pressure checks. Confi rmation by protein/creatinine ratio is mandatory in case of 
positive urine dipstick. Regular blood tests including full blood count, liver func-
tion tests, renal profi le, anti-dsDNA and complement every 4–8 weeks are recom-
mended. All women on steroids and those with high risk factors of diabetes should 
have a glucose tolerance test around 24–28 weeks of gestation in order to exclude 
gestational diabetes and avoid further obstetric risk. All women should ideally 
take folic acid 12 weeks before the conception and calcium and vitamin D supple-
ments for women on steroids and heparin treatment to prevent osteoporosis [ 82 ].  

    Conclusions 
 SLE is no longer considered an obstacle to pregnancy. Some fetal and obstetric 
complications can be predicted and in some cases prevented. A tight control of 
patients should be performed before and after conception. These patients should 
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be managed by a multidisciplinary team, including at least a rheumatologist and 
an obstetrician, thus allowing an improvement of maternal and fetal prognosis.     
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12.1             Introduction 

 Vitamin D is a steroid hormone (calcitriol – 1,25(OH)D3, D-hormone) that regu-
lates not only bone metabolism, but like other steroid hormones such as glucocorti-
coids (GCs) and gonadal hormones, it also interferes with the immune system and 
estrogen-modulated cells. This occurs by reducing the aromatase activity and limit-
ing the negative effects related to the increased peripheral estrogens (including B 
cell proliferation and overactivity). Consequently, serum vitamin D defi ciency 
[25(OH)D] is considered a risk factor for several chronic/infl ammatory or autoim-
mune conditions [ 1 ,  2 ]. 

 The primary source of vitamin D is the synthesis of vitamin D3 in the skin upon 
exposure to UVB radiation. Any condition that potentially reduces sun exposure 
could further contribute to decreased serum levels of vitamin D, as observed in 
patients with systemic lupus erythematosus (SLE) [ 3 – 5 ]. 

 Calcitriol (1,25(OH)D3, D-hormone) is the peripherally active endogenous 
metabolite of vitamin D originating from cholesterol. It is considered a true steroid 
hormone affecting the regulation of bone metabolism. Recently, the role of vitamin 
D has been investigated in several chronic pathological conditions including infec-
tious diseases, type 1 diabetes, multiple sclerosis, and autoimmune rheumatic dis-
eases (ARDs). In ARD such as rheumatoid arthritis (RA) or systemic lupus 
erythematosus (SLE), the D-hormone seems to exert numerous immunomodulatory 
activities [ 6 ,  7 ]. 
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 Eighty to 90 % of vitamin D synthesis is regulated by sunlight [ 8 ]. The hypoth-
esis that vitamin D is linked to autoimmune disorders originally arose from the 
observation that people living near the equator are at decreased risk of developing 
common autoimmune diseases, as well as by the fact that there is a greater preva-
lence of RA in northern European countries as compared to the southern ones [ 9 ]. 

 Patients with RA and SLE have multiple risk factors for vitamin D defi ciency 
that seem to infl uence disease severity and, at least in RA, disease activity that 
shows a yearly rhythm (being more severe in winter) [ 10 – 13 ]. 

 These observations suggest a pathophysiological and possibly therapeutic role 
for 1,25(OH)2D3 in clinical practice as a modulator of the immune system [ 14 – 16 ]. 
A recent study on vitamin D status in SLE patients analyzed the potential benefi ts 
of 2 years of supplementation and showed the results of different types of cholecal-
ciferol regimens. It indicated that supplementation with an intensive dosage 
(300,000 IU initial bolus followed by 50,000 IU monthly for the fi rst year) and then 
switching to the standard regimen (25,000 IU monthly, immediately after patient 
enrollment, throughout the study) in the second year is safe, and it allows to obtain 
a suffi cient level of vitamin D. However, such a regimen does not seem to infl uence 
disease activity as compared to the standard regimen [ 17 ]. 
 All these aspects will be discussed in this chapter.  

12.2     Immune-Modulating Activities of Vitamin D 

 Vitamin D status infl uences the risk of developing several chronic/infl ammatory 
conditions and immune-mediated rheumatic diseases. It exerts modulating effects 
on dendritic cells (DCs) and B cell and T cell functions, including regulatory T 
lymphocytes (T regs ) and Th17 cells, and acts on the self-tolerance and immune 
responses [ 5 ,  18 – 20 ]. 

 In normal conditions, 1,25(OH)D3 regulates both innate and adaptive immunity, 
potentiating the innate response (antimicrobial activity of macrophages) but sup-
pressing the adaptive immunity by acting on B lymphocytes and on Ig production 
[ 1 ,  2 ,  21 ,  22 ] (Fig.  12.1 ). In addition, 1,25(OH)2D3 has also been shown to inhibit 
the maturation of monocyte-derived DCs [ 1 ,  2 ,  21 ].

   In previous studies, 1,25(OH)D3 was shown to inhibit the production of 
tumor necrosis factor (TNF)-alpha, interleukin-17 (IL-17), and interferon 
gamma (IFN- gamma). Conversely, it stimulates IL-4, IL-5, and IL-10 expres-
sion in peripheral blood mononuclear cells (PBMCs) and in CD4 T cells from 
healthy volunteers [ 23 ,  24 ]. 

 Recently, 1,25(OH)D3 was found to reduce  in vitro  interleukin-17A (IL-17A) 
and IFN-gamma and to increase IL-4 levels in stimulated PBMCs from treatment- 
naive patients with early RA (Fig.  12.1 ) [ 12 ,  25 ]. 

 Higher percentages of IL-17A- and IL-22-expressing CD4 T cells and IL-17A- 
expressing memory T cells were observed in PBMCs from treatment-naive patients 
with early RA as compared to healthy controls. Interestingly, recent studies showed 
that TNF-alpha blockade alone does not suppress IL-17A and IL-22 and that the 
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addition of 1,25(OH)D3 on cultured synovial cells from early RA patients is needed 
to suppress cytokine production [ 26 ]. The combination of TNF-alpha blockade and 
1,25(OH)D3 seems to control human Th17 activity and inhibit synovial infl amma-
tion. These observations might suggest a synergic effect of activating vitamin D 
receptor signaling and TNF neutralization strategies in patients with RA [ 24 ]. 

 Severe serum 25(OH)D defi ciency (<10 ng/ml) appears to be involved in the 
generation of characteristic symptoms of immune/infl ammatory rheumatic diseases 
(i.e., with a negative correlation between 1,25(OH)2D3 and disease activity in RA), 
though supplementation seems to result in partial improvement [ 27 – 29 ]. 

 Interestingly, it was found that a defi ciency of vitamin D (less than 20 ng/ml) is 
not only present in patients with autoimmune diseases but is also observed in healthy 
subjects with a yearly rhythm, with lower levels in winter/spring [ 2 ,  19 ].  
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  Fig. 12.1    Effects of 1,25(OH)D3 on immune response in normal conditions. Vitamin D (1,25(OH)
D3) interferes with the neuroendocrine immune network which includes interactions between the 
central nervous system, the endocrine system, and the immune system. 1,25(OH)D3 regulates both 
innate and adaptive immunity, potentiating the innate response (antimicrobial activity of macro-
phages), decreasing antigen presentation and suppressing the adaptive immunity (B lymphocyte 
and selected T lymphocyte functions). However, in normal conditions, 1,25(OH)D3 increases the 
Th2 cytokines (i.e., IL-10) and the effi ciency of regulatory T lymphocytes (Tregs).  CNS  central 
nervous system,  APC  antigen-presenting cell,  DHEA  dehydroepiandrosterone,  Th  helper T lym-
phocytes (Th0, Th1, Th2, Th3/reg, Th17)       
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12.3     Synergic Effects of Vitamin D and Glucocorticoids 

 Literature dealing with vitamin D and glucosteroids suggests a synergic effect, sup-
ported by the observation that the combination of dexamethasone (DEX) and 
1,25(OH)D3 is able to inhibit Th1 cytokine production and lymphocyte prolifera-
tion, thereby indicating immunosuppressive properties [ 28 ]. 

 More specifi cally, IFN-gamma production in lymphocyte cultures was signifi -
cantly decreased with either DEX or 1,25(OH)D3 when compared with control cul-
ture media. Moreover, when both agents were added to the same culture, IFN-gamma 
production was further decreased compared to either agent alone [ 30 ]. In contrast, 
1,25(OH)D3 signifi cantly increased IL-5 and IL-13, whereas DEX signifi cantly 
decreased these two cytokines. When 1,25(OH)D3 was combined with DEX, IL-5 
and IL-13 production increased as compared to DEX alone [ 30 ]. 

 Another study showed that the combination of 1,25(OH)D3 with DEX enhanced 
cell cycle arrest and apoptosis, at least on cultured carcinoma cells, and that vitamin 
D receptor (VDR) protein levels were higher due to the additive effect of 1,25(OH)
D3 and DEX compared with 1,25(OH)D3 treatment alone [ 19 ]. Conversely, gluco-
corticoid receptor (GR) protein levels and ligand binding increased with 1,25(OH)
D3 alone, but not with the combination with DEX [ 31 ]. 

 The antiproliferative action of 1,25(OH)D3 on cell cycle and induction of apop-
tosis varies among cell types, and the effect depends on the levels of the VDR, a 
member of the steroid receptor superfamily that includes GR receptors, in which 
VDR acts as a ligand-inducible transcription factor [ 32 ]. 

 The VDR-1,25(OH)D3 complex regulates transcription by binding the so-called 
vitamin D response elements/genes (VDREs) [ 32 ,  33 ]. 

 1,25(OH)D3 is an important regulator of VDR both at the transcriptional and 
posttranscriptional levels [ 34 ,  35 ]. 

 Recent data suggest vitamin D to stimulate GC-mediated anti-infl ammatory 
effects in human monocytes [ 36 ]. Lower 25(OH)D serum levels in asthmatic chil-
dren have been associated with increased GC use [ 37 ]. 

 Lastly, in psoriatic patients, the combined use of calcipotriol, a vitamin D analog, 
and betamethasone has shown a combined effect on keratinocyte proliferation and 
differentiation, with clinical improvement and infl ammation control [ 38 ,  39 ].  

12.4     Deficit of Vitamin D and Autoantibody Production 

 Signifi cant vitamin D defi ciency has been reported in several immune-mediated or 
idiopathic infl ammatory myopathies, like polymyositis, dermatomyositis, and 
inclusion body myositis, supporting the concept that low levels of vitamin D might 
be a risk factor for autoimmunity [ 20 ,  40 ]. Lower levels of serum 25(OH)D, as well 
as a higher frequency of anti-Jo-1 autoantibodies, were observed in patients with 
infl ammatory myopathies as compared to controls [ 22 ]. 

 The role of 25(OH)D as a risk factor for autoimmune diseases is also supported 
by the observation that vitamin D levels are lower in ANA-positive healthy controls 
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as compared to ANA-negative subjects. Furthermore, vitamin D may prevent auto-
immune diseases by stimulating naturally occurring regulatory T cells [ 41 ]. 

 Vitamin D defi ciency plays a role in increased autoantibody production and in B 
cell autoimmunity [ 42 ,  43 ] (Fig.  12.1 ). 

 These observations may explain the potential role of vitamin D in B cell-related 
disorders such as SLE. In fact, the vitamin D concentration in the serum of SLE 
patients shows a negative correlation with clinical disease activity and anti-dsDNA 
titer. Besides, a reduction in the serum 25(OH)D levels has been found to be associ-
ated with the presence of autoimmune response, and a signifi cant negative correla-
tion between the titers of ANA and serum levels of 25(OH)D was observed [ 44 ].  

12.5     Vitamin D Deficiency and Peripheral Metabolism 
of Estrogens in Autoimmunity 

 The role of vitamin D on estrogen-mediated cell proliferative activity has been 
shown, especially in cancer tissues where 1,25(OH)D3 decreases the expression of 
aromatase, the enzyme that catalyzes the peripheral synthesis of estrogens from 
androgens [ 45 ]. 

 Notably, this effect is very important in breast and prostate cancer where aroma-
tase and its intracrine activity are overexpressed [ 27 ]. 

 In clinical practice, aromatase inhibitors, which are used in breast cancer treat-
ment, inhibit enzymatic activity, while 1,25(OH)D3 reduces aromatase expression, 
inhibits estrogen synthesis and signaling and its anti-infl ammatory action (see 
below), and consequently plays an important role in inhibiting estrogen receptor- 
positive breast cancer [ 46 ,  47 ]. 

 Consequently, the inhibitory effect of 1,25(OH)D3 on aromatase and cytokine syn-
thesis on cultures of human macrophages has also been observed [ 48 ,  49 ]. More spe-
cifi cally, 1,25(OH)D3 exerts its action by direct repression of aromatase transcription 
via promoter II and at the same time also by an indirect effect due to a reduction in the 
levels and biological activity of prostaglandins (especially PGE2), which are consid-
ered the main stimulators of aromatase transcription through promoter II [ 50 ]. 

 Interestingly, infl ammatory cytokines (tumor necrosis factor alpha, interleukins 
6 and 1) act as enhancers of aromatase activity, as observed in chronic infl ammatory 
conditions such as RA synovitis or cutaneous lupus erythematosus [ 51 ,  52 ]. 

 The higher incidence of autoimmune rheumatic diseases in women might be 
favored by possible links between 1,25(OH)D3 defi ciency (with reduced aromatase 
downregulation) and the increase in the synthesis of peripheral estrogens [ 46 ,  53 ].  

12.6     Vitamin D and Systemic Lupus Erythematosus (SLE) 

 Vitamin D has several effects on growth, proliferation, apoptosis, and cell functions. 
It shows pleiotropic action on various tissues as well as on the immune system on 
which it exerts an anti-infl ammatory effect through the modulation of both cellular 
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proliferation and differentiation via the nuclear vitamin D receptor (also expressed 
on antigen-presenting cells) [ 1 ,  54 ]. 

 In particular, vitamin D inhibits Th1 and Th17 cell proliferation, and it promotes 
Th2 response on T lymphocytes, thus infl uencing the transcription of several key 
cytokines and inhibiting the production of IFN-γ and IL-2. 

 Several studies have further suggested that vitamin D defi ciency may play a role 
in the pathogenesis of systemic autoimmune diseases [ 24 ,  25 ,  55 ]. 

 SLE is a chronic multisystem infl ammatory autoimmune disease characterized 
by the presence of autoantibodies against intracellular antigens, by increased T cell 
activation and likely by an alteration of regulatory T cells [ 56 ]. 

 Hypovitaminosis D is highly prevalent in SLE as a result of reduced exposure to sun-
shine caused by photosensitivity, use of photoprotection, alterations of the renal vitamin 
D metabolism, or the use of medications such as glucocorticoids or antimalarials [ 2 ]. 

 A number of cross-sectional studies have examined the association of vitamin D 
defi ciency with SLE disease activity in recent years. Most, but not all, have shown 
an association of 25(OH)D defi ciency with increased SLE disease activity [ 57 ]. 

 In addition, it is well established that seasonal variations in sun exposure infl u-
ence 25(OH)D serum levels. Moreover, several data show the infl uence exerted by 
vitamin D levels on SLE activity, thereby supporting the notion that vitamin D defi -
ciency in winter can be a risk factor for disease fl ares [ 10 ,  58 ]. 

 Of note, low vitamin D concentrations have also been associated with complica-
tions of the disease such as osteoporosis, fatigue, and certain cardiovascular risk 
factors [ 55 ]. 

 Therefore, since the active vitamin D metabolite 1,25(OH)D3 has been shown to 
modulate immunological pathways, its administration might affect SLE develop-
ment and progression. 

 In this context, pharmacological supplementation of vitamin D results in a decrease 
in memory B cells and anti-DNA antibodies and an increase in naive CD4+ T cells 
and regulatory T cells together with a decrease in effector Th1 and Th17 cells [ 22 ]. 

 A very recent study analyzed the effects of different monthly regimens of vita-
min D supplementation on the circulating numbers of T cells and on cytokine pro-
duction in SLE patients [ 59 ]. This study concluded that increasing vitamin D serum 
levels through long-term monthly cholecalciferol treatment increases Treg cells and 
promotes Th2 response [ 59 ]. 

 Another recent 2-year study of SLE patients proposes supplementation with cho-
lecalciferol using two different regimens: standard, 25,000 IU monthly, and inten-
sive, 300,000 IU initial bolus followed by 50,000 IU monthly for the fi rst year, 
switching to the standard regimen in the second year. The study shows that intensive 
vitamin D supplementation is needed to reach optimal vitamin D status. Notably, no 
effects were observed on SLE disease activity or laboratory parameters such as anti- 
DNA and complement levels [ 17 ]. 

 Studies correlating low vitamin D serum levels with higher SLE activity reported 
controversial results [ 10 ,  60 ,  61 ]. However, it is generally accepted that vitamin D 
insuffi ciency represents a predisposing factor for the onset and perpetuation of auto-
immune processes [ 1 ].  
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    Conclusions 

 Calcitriol (1,25(OH)D3) is recognized as a true steroid hormone that exerts sev-
eral biological activities, including regulation of the immune system, and that 
supports pathophysiological mechanisms for the development/risk of chronic/
infl ammatory autoimmune diseases [ 20 ,  62 – 64 ]. 

 A possible synergism between 1,25(OH)D3 and glucocorticoids could repre-
sent a new approach for the management of chronic autoimmune diseases. 

 Supplementation with immediate-release cholecalciferol (especially in SLE 
patients) appears to induce suffi cient serum levels of vitamin D in most subjects; 
however, it does not seem to infl uence disease activity, at least in short- to 
medium- term trials.     

  Confl icts of Interest   The authors declare no confl icts of interest with the contents of the present 
manuscript.  
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  13      The Impact of aPL Detection 
on Pregnancy                     

       Maria     Tiziana     Bertero     ,     Anna     Kuzenko     , and     Mario     Bazzan    

         The coexistence of antiphospholipid syndrome (APS) diagnosis represents a further 
risk factor for adverse outcome in patients with systemic lupus erythematosus (SLE) 
during pregnancy [ 1 ,  2 ]. A quarter to half of patients with SLE are antiphospholipid 
antibody (aPL)-positive [ 3 ]. aPL are autoantibodies directed toward plasma proteins 
with affi nity for anionic phospholipids: β2-glycoprotein I and prothrombin [ 4 ]. The 
revised APS classifi cation criteria [ 5 ] emphasize the diagnostic value of three of 
them, namely, lupus anticoagulant (LA), anticardiolipin IgG or IgM isotype (aCL), 
and anti-β2-glycoprotein I IgG or IgM antibodies (anti-β2GPI), even though there 
are many more antibodies belonging to this family. Patients with a history of preg-
nancy morbidity or thrombosis and persistent aPL positivity are classifi ed as affected 
by APS [ 6 ]. 

13.1     Pathogenesis of aPL-Induced Obstetric Manifestation 

 aPLs are widely accepted as pathogenic on the basis of studies on animal models 
and in vitro experiments [ 7 ]. The pathogenetic mechanisms of aPL have been stud-
ied since the discovery of the syndrome in the early 1980s with important advances 
in recent years which are summarized in the review of Giannakopoulos [ 8 ]. The 
mechanisms are multiple and not yet fully understood but the crucial point is that 
the presence of the abovementioned antibodies is necessary but usually insuffi cient 
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and requires other prothrombotic changes for the development of clinical manifes-
tations of the syndrome. The so-called two hits theory has been proposed [ 9 ]: the 
fi rst hit, represented by aPL, predisposes to thrombosis which occurs in the pres-
ence of another prothrombotic condition, the abovementioned “second hit.” The 
antiphospholipid immune complexes do not recognize integrum endothelium, but 
do bind the injured vessel wall. The priming injuring factors can be recent infec-
tions, surgery, smoking, etc. The concomitance of the abovementioned exogenous 
prothrombotic factors multiplies signifi cantly the odds ratio of thrombotic events 
[ 10 ]. Different pathogenetic mechanisms have been suggested to explain the nature 
of thrombotic and obstetric complications which only partially overlap. More details 
about aPL involvement in thrombosis will be found in another chapter. In obstetric 
APS, pregnancy itself probably accounts for the second hit, and experiments in 
naive mice demonstrated that passive transfer of IgG aPL is suffi cient to induce fetal 
loss. Placental thrombosis with reduced blood fl ow has been thought for a long time 
to be the main cause of fetal growth restriction, late fetal loss, or premature delivery; 
for this reason initially treatment for obstetric APS (OAPS) consisted of low-dose 
aspirin (LDA) and heparin [ 11 ]. However, this mechanism did not explain early 
abortions, and moreover most placentas from APS patients did not show thrombosis 
evidence [ 9 ,  12 ]. aPLs are probably directly pathogenic: being anti-β2-glycoprotein 
I molecules strongly expressed on trophoblast, they represent a target for deposition 
of aPL, particularly anti-β2GPI. Non-thrombotic mechanisms have been identifi ed 
on both the maternal (a reduction of endometrial angiogenesis) and the fetal side 
(a defective trophoblast invasiveness) [ 13 ]. Localized infl ammatory responses 
inducing cell injury and apoptosis, decreased production of human chorionic gonad-
otropin, and growth factors are involved in aPL-mediated placental damage. 
Experimental observations suggest that complement activation plays an essential 
role in pregnancy loss, growth restriction, and preeclampsia. According to this 
acknowledged theory, C5a anaphylatoxin induces placental infl ammation with 
expression of tissue factor (TF) by placental neutrophils and dysregulation of mono-
cytes, endothelial cells, decidual cells, and trophoblast [ 8 ]. This evidence is still 
doubtful as complement deposition is found also in placentas without pregnancy 
morbidity. In animal models inhibition of complement in placenta rescues preg-
nancy, restores angiogenic balance, and prevents preeclampsia in mice, proving an 
important role for the complement system, both classical and alternative pathways 
[ 14 ]. The demonstration of a protective role of heparin through an anticomplement 
mechanism more than  through the anticoagulant activity further supports the 
hypothesis of a role of complement in fetal loss. The use of complement inhibitor 
therapies to prevent or treat preeclampsia in these patients has been suggested, also 
on the basis of the effective use of eculizumab (humanized monoclonal IgG2/4 k 
antibody of that binds to C5) in catastrophic antiphospholipid syndrome (CAPS) 
cases [ 15 ]. The Task Force on Obstetric APS at the 14th International Congress on 
Antiphospholipid Antibodies proposed to consider new therapeutic agents such as 
complement inhibitors for refractory obstetric APS. An international trial with the 
participation of multiple centers should be planned [ 16 ]. Toll-like receptor 4 (TLR4) 
is another molecule which plays a role in aPL-mediated trophoblastic cell fusion 
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and differentiation. Recent studies on experimental models on trophoblast fusion 
and differentiation using BeWo cells postulated hydroxychloroquine (HCQ) might 
inhibit TLR4 and consequently reduce the effect of aPL [ 17 ]. HCQ has already been 
used for the prevention of fetal losses by restoring the annexin V shield, an antico-
agulant protection, disrupted by aPL at the trophoblastic cell surface [ 18 ]. For these 
reasons HCQ represents another candidate for cases who have failed with current 
treatments for OAPS [ 19 ].  

13.2     Obstetric APS 

 As known [ 5 ], pregnancy complications included in APS criteria are the following 
(see Table  13.1 ):

     (a)    One or more unexplained deaths of a morphologically normal fetus at or beyond 
the 10th week of gestation, with normal fetal morphology documented by ultra-
sound or by direct examination of the fetus   

   (b)    One or more premature births of a morphologically normal neonate before the 
34th week of gestation because of: (i) eclampsia or severe preeclampsia defi ned 
according to standard defi nitions or (ii) recognized features of placental 
insuffi ciency   

   (c)    Three or more unexplained consecutive spontaneous abortions before the 10th 
week of gestation, with maternal anatomic or hormonal abnormalities and 
paternal and maternal chromosomal causes excluded.    

   Table 13.1    APS classifi cation criteria adapted from Miyakis (2006)   

 Clinical criteria  Laboratory criteria (all confi rmed 
after at least 12 weeks apart)  Vascular thrombosis  Obstetric morbidity 

 Venous, arterial, or 
microvessel 
thrombosis in any 
tissue or organ, 
confi rmed by 
imaging studies 

 One or more unexplained deaths 
of a morphologically normal fetus 
at or beyond the 10th week of 
gestation 

 Lupus anticoagulant (LA) present 
in plasma, detected according to 
ISTH SSC guidelines 

 One or more premature births of a 
morphologically normal neonate 
before the 34th week of gestation 
because of eclampsia, severe 
preeclampsia, or placental 
insuffi ciency 

 Anticardiolipin (aCL) antibodies 
of IgG or IgM isotype: present in 
serum or plasma at medium or 
high titer (>40 GPL or MPL or 
>99th percentile) measured by a 
standardized ELISA 

 Three or more unexplained 
consecutive spontaneous 
abortions before the 10th week of 
gestation with exclusion of 
anatomic, hormonal, and 
chromosomal causes 

 Anti-beta2-glycoprotein I 
antibodies of IgG or IgM isotype, 
present in serum or plasma at titer 
>99th percentile, measured by a 
standardized ELISA 
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  It can be noticed that, whereas other autoimmune diseases may affect the course of 
pregnancy, in this case pregnancy morbidity is a manifestation and a defi ning feature of 
OAPS [ 20 ]. As known, classifi cation criteria in rheumatic diseases are continuously 
undergone to search to improve sensitivity and specifi city. Current APS criteria are 
indeed under discussion: some debated aspects are the low specifi city of early recurrent 
abortions, the weight of the single aPL positivity, and a more than 5 years interval 
between aPL test and clinical manifestations [ 21 ]. The Task Force on Obstetric APS, 
cited above, was created to carry out a critical appraisal – literature based – of the obstet-
ric manifestations present in current classifi cation criteria and the weight of the evidence 
of benefi t provided by treatments in terms of avoiding recurrences [ 16 ]. But the labora-
tory classifi cation criteria remain controversial, too. The Laboratory Diagnostics and 
Trends Task Force, who met at the abovementioned 14th International Congress on aPL, 
examined other antibodies shown to be directed to other proteins or their complex with 
antiphospholipids [ 22 ]. The report conclusions include the following:

•    The necessity to develop international reference materials for anti-β2- 
glycoprotein I testing to reduce interlaboratory discrepancies  

•   The importance of further investigating the utility of anti-domain I assay (a tar-
geted subpopulation of anti-β2-glycoprotein I considered particularly 
pathogenic)  

•   The contribution of antiprothrombin/antiphosphatidylserine antibodies (aPT/
PS), appraised as more specifi c tests, to assess the risk of thrombosis in APS  

•   The restricted use of IgA isotype for aCL and anti-β2GPI in suspected cases of 
APS with negative aPL tests.    

 Gardiner et al. suggested including low-titer antibodies in the diagnosis of obstet-
ric APS, to avoid missing APS cases [ 23 ]. The European Registry on Obstetric 
Antiphospholipid Syndrome described, in a preliminary fi rst year report in 2012, a 
subgroup of patients, named OMAPS, who presented obstetric morbidity related to 
aPL, but not fulfi lling APS criteria: these include two unexplained miscarriages, 
three nonconsecutive miscarriages, late preeclampsia, placental abruption, late pre-
mature birth, and two or more unexplained in vitro fertilization failures. Information 
about clinical, laboratory, and therapeutic characteristics was collected: the authors 
stated a better outcome even for these patients, if treated as classical APS [ 24 ]. 
Arachchillage et al. recently reported studies regarding non-criteria clinical and 
laboratory manifestations and addressed the question on whether they should be 
included within the spectrum of OAPS: non-criteria manifestations merit further 
observations and therapeutic approaches should be investigated [ 25 ].  

13.3     Other Complications in Pregnancy with aPL Positivity 

 It should also be remembered that pregnant women with aPL have an increased risk 
of other (non-obstetric) problems [ 26 ]: thrombosis, bleeding risk due to ongoing 
therapy, thrombocytopenia, and catastrophic antiphospholipid syndrome (CAPS). 
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The latter is a severe complication characterized by multiorgan failure caused by 
microangiopathy, developing in a very short time in patients with antiphospholipid 
antibodies [ 27 ]. It is a very rare presentation of APS (1 %); the mortality rate, 
although reduced, is still 30 %. Data collected from the CAPS Registry showed that 
4 % of 409 cases of CAPS were related to pregnancy or puerperium. In these cases 
differential diagnosis with HELLP (hemolysis, elevated liver enzymes, low platelet 
count), thrombotic thrombocytopenic purpura (TTP), hemolytic uremic syndrome 
(HUS), and acute fatty liver of pregnancy may be diffi cult. Early diagnosis and 
aggressive therapy allowed in the last 10 years an amelioration of prognosis; accord-
ing to “CAPS Registry” the combination of anticoagulation plus corticosteroids 
plus plasma exchange is the most successful therapy [ 28 ]. When occurring during 
pregnancy, as soon as fetal maturity makes it possible, a prompt cesarean interven-
tion is mandatory [ 29 ]. 

 Positivity for aPL may be isolated or associated with other autoimmune diseases, 
mainly SLE. Obviously the presence of SLE with the risk of cardiac heart block due 
to SSA-Ro positivity, problems of disease activity, immunodepression and related 
infections, and other adverse effects of drugs may strongly affect maternal and fetal 
outcomes of the gestation [ 30 ]. This topic will be developed by other authors.  

13.4     Risk Stratification 

 At present aPL, more than criteria, are considered risk factors for vascular thrombo-
sis and/or for pregnancy complications. An innovative point of view advises a risk 
stratifi cation in each aPL carrier. This evaluation could allow an individualized 
approach to prophylaxis and therapy. The global antiphospholipid syndrome score 
(GAPPS) has been recently proposed as a quantitative prediction scale of thrombo-
sis or pregnancy loss risk in SLE. It is derived from the combination of aPL profi le, 
cardiovascular risk factors, and autoimmune antibody profi le [ 31 ]. Concerning 
pregnancy outcome, data from other authors outlined a correlation between progno-
sis and particular variables: some examples are previous thrombotic events [ 32 ], a 
diagnosis of SLE [ 33 ], and triple aPL positivity [ 19 ]. All these elements must be 
considered during preconceptional counseling in patients with aPL [ 13 ].  

13.5     Prevention of Obstetric Adverse Events 

 Pregnancy in women with aPL should be considered at high risk, and the essential 
conditions to ameliorate prognosis are planning gestation, coordinated medical- 
obstetrical care, an agreed and well-defi ned management protocol, and a good neo-
natal unit [ 34 ]. If these provisions are met, the likelihood of a good pregnancy 
outcome is about 75–80 % (see Fig.  13.1 ). The pharmacological management 
includes LDA and heparin. In a recent meta-analysis Wu and colleagues compare 16 
randomized controlled trials (RCTs) investigating effects on pregnancy in APS 
patients [ 35 ]: the combination of aspirin and unfractionated heparin (UFH) results 

13 The Impact of aPL Detection on Pregnancy



174

LDA before

conception

plus p.d.

LMWH when

pregnancy

confirmed

Switch OAT to t.d.

LMWH plus LDA when

pregnancy confirmed

OAPS

SLE

aPL + Thrombotic

APS in OAT

LDA

before conception

Labour induction

Postpartum

LMWH for 6 weeks

Children

follow-up for

neuro-

developmental

abnormalities

Women long

term follow-up

for thrombo-

prophylaxis

and

immunologic

surveillance

  Fig. 13.1    Management protocol of pregnancy in aPL-positive patients.  OAPS  obstetric antiphos-
pholipid syndrome,  aPL  antiphospholipid antibodies,  SLE  systemic lupus erythematosus,  OAT  oral 
anticoagulant therapy,  LDA  low-dose aspirin,  LMWH  low-molecular-weight heparin,  p.d.  prophy-
lactic doses,  t.d.  therapeutic doses       
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in a higher birth rate than LDA alone, whereas aspirin plus LMWH seems to be 
superior to intravenous immunoglobulin (IVIg). LMWH is generally preferred to 
UFH because it has fewer adverse events and is easier to monitor [ 3 ].

   The protocol of administration of LDA and LMWH differs depending on the 
situation of the patient (see Table  13.2 ) [ 36 ]. The recommendations for each differ-
ent scenario include the following:

•     LDA and prophylactic doses of LMWH for women with obstetric APS  
•   LDA and therapeutic doses of LMWH for women with thrombotic APS, switch-

ing from oral anticoagulant therapy (OAT) to heparin when pregnancy test 
becomes positive  

•   LDA to aPL carriers with SLE (also to reduce the risk of preeclampsia)  
•   An individualized approach based on the patient’s history and on aPL profi le for 

cases which do not fulfi ll APS criteria  
•   Postpartum thromboprophylaxis with LMWH in all patients with aPL.    

 No clear consensus about the timing of LDA prophylaxis starting exists. For 
some authors it would be preferable to start before conception [ 34 ]. It should be 
noted that current recommendations to treat patients aPL positive with fetal death 
are based on data from early recurrent abortions. Being diffi cult to plan a controlled 
trial on late fetal loss due to the rarity of complication but also for ethical reasons 
(nobody would be available for placebo arm), some authors propose to realize an 
international multicenter prospective registry instead of an RCT [ 16 ]. 

 Even though treated with appropriate therapy, 20 % of APS patients have an 
unsuccessful pregnancy [ 33 ]: history of thrombosis, diagnosis of systemic lupus 
erythematosus, and triple antiphospholipid antibody positivity have been identifi ed 
as risk factors. 

 In a European multicenter retrospective study, 10 % out of 196 pregnancies in 
APS patients with thrombosis and triple antiphospholipid positivity were prescribed 
other treatments, i.e., low-dose prednisone, hydroxychloroquine, IVIg, and plasma 
exchange (PE) in addition to conventional therapy. The authors concluded that APS 
pregnant patients with previous thrombosis and triple aPL positivity treated with 
additional therapy had a more favorable pregnancy outcome [ 37 ]. To the present the 

   Table 13.2    Prophylaxis of pregnancy complications in patients with aPL   

 Clinical situations  Management 

 Obstetric APS  LDA plus prophylactic doses of LMWH 

 APS with previous thrombosis  LDA plus therapeutic doses of LMWH 

 aPL-positive SLE  LDA 

 Isolated aPL positivity  No treatment or LDA 

 Puerperium in all patients aPL positive  Thromboprophylaxis with LMWH for 
6 weeks 

   APS  antiphospholipid syndrome,  aPL  antiphospholipid antibodies,  LDA  low-dose aspirin,  LMWH  
low-molecular-weight heparin  
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advisable additional therapy is not known: for each of the mentioned management 
data are available on literature but we do not have at the moment a comparative trial 
[ 38 ,  39 ]. The following question was posed by Mekinian in a recently published 
paper: “Is there a place for hydroxychloroquine to improve pregnancy outcome in 
obstetrical APS?” [ 40 ]. 

 Another observation is that prophylaxis with LDA and LMWH, although having 
increased fetal survival, does not allow a complete elimination of some neonatal 
complications such as intrauterine growth restriction (IUGR), premature birth, and 
newborn small for gestational age (SGA) [ 41 ].  

13.6     Delivery 

 Perioperative management of patients on anticoagulant therapy involves assessing 
risks of both bleeding and thromboembolism [ 42 ]. In APS patient, moreover, an 
invasive procedure like the delivery is an established trigger factor for CAPS, too. 

 While LDA is normally stopped at 34° weeks of gestation, pregnant women with 
aPL often undergo labor and delivery under LMWH treatment. Even if this treat-
ment does not increase blood loss at delivery, it may represent a risk with the use of 
spinal/epidural anesthesia. The unpredictable timing of labor and delivery in these 
patients may be an additional problem among anesthesiologists, particularly if a 
neuraxial technique is required. On the other hand, APS is an important risk factor 
for adverse pregnancy and maternal outcomes, in particular for women with previ-
ous thrombosis. Therefore withdrawal of LMWH for a long time further increases 
the already high risk of vascular events. Inducing labour could avoid further risks 
associated with unpredictable and uncontrollable situations: it allows planning the 
time of delivery (trying to avoid a cesarean section), optimal assistance of a multi-
disciplinary and expert medical team, and interruption of anticoagulant prophylaxis 
for as short a time as possible [ 43 ].  

13.7     Preconceptional Counseling 

 All women with aPL should be informed of the importance of planning pregnancy. 
 The collection of complete anamnestic information associated with the evalua-

tion of laboratory test, to estimate maternal and fetal risks, should ideally be done 
before conception and possibly with both members of the couple. In this setting 
obstetric history, any associated autoimmune systemic diseases, and current treat-
ment should be investigated. An agreed and well-defi ned management protocol 
should be proposed, and time for answering questions and doubts should be pro-
vided to the couple (see Table  13.3 ).

   Before the pregnancy starts, some more exams should be prescribed such as 
thyroid function and echocardiography. Revision of therapy to remove teratogenic 
drugs is mandatory. 
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 In rare circumstances pregnancy is contraindicated or postponed, according to 
tailored evaluation involving different specialists and the couple. These are pul-
monary hypertension, heart failure, chronic renal failure, recent lupus fl are, and 
stroke within the previous 6 months [ 34 ]. During gestation regular placental 
Doppler studies are helpful to estimate the risk of preeclampsia and placental 
insuffi ciency. 

13.7.1     Long-Term Follow-Up of OAPS Patients 

 In the cohort of OAPS of the Piedmont Consortium, 16 out of 49 patients had a posi-
tive history for both vascular and obstetric APS. It should be noted that 8/16 patients 
developed a thrombosis after the pregnancy complication: that means that if these 
women had been followed up, the vascular event could have been avoided (data not 
published). An increased risk of subsequent thrombosis in OAPS has been proved 
by Martinez-Zamora: 12-year thrombotic cumulative incidence was higher in APS- 
recurrent spontaneous abortion (RSA) patients compared with aPL carriers, RSA of 
unknown etiology, and RSA in thrombophilic genetic defects (19, 3 % vs. 0 %, 0 %, 
4,8 %, respectively) [ 44 ]. 

 Since 2001 primary thromboprophylaxis for OAPS has been proposed, after 
evaluation of thrombotic event rate during long-term follow-up [ 45 ]. 

 Another aspect deserving of long-term surveillance is the possible – albeit rare – 
appearance of immunological manifestations suggestive of systemic autoimmune 
disease, namely, SLE [ 46 ].  

  Table 13.3    Preconceptional 
counseling  

 Anamnestic information 

   Age 

   Previous pregnancies 

   Family history of thrombosis, bleeding, preeclampsia 

 Associated SLE 

   Recent fl ares 

   Current therapy 

   Organ damage 

   Renal involvement 

   Heart valve lesions 

 Laboratory 

   Presence of SSA/SSB 

 Forbidden drugs 

   OAT 

   Antiepileptic drugs 

   ACE inhibitor 

 Comorbidities (thyroid dysfunction, hypertension, 
diabetes, etc.) 
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13.7.2     Long-Term Outcome of Children Born from OAPS Patients 

 Even if children born to mothers with APS do not seem to be at increased risk of 
developing the same autoimmune disease as their mothers, recently their long-term 
follow-up has become a subject of study. Possible correlation has been hypothe-
sized between neurodevelopment abnormalities and mother disease or the presence 
of aPL or prematurity or drugs [ 36 ].   

13.8     Assisted Reproductive Technology 

 It is not rare that a patient with APS chooses to undergo assisted reproduction tech-
nology [ 13 ]. The most serious adverse event of in vitro fertilization is thrombosis. 
The noticeable and rapid increase in levels of endogenous estrogens may cause an 
ovarian hyperstimulation syndrome (OHSS) that can ultimately result in pulmonary 
embolism or venous thromboembolism [ 47 ]. Friendly ovarian stimulation, single 
embryo transfer, avoidance of OHSS, stopping heparin before ovum retrieval and 
starting again after the maneuver, and use of natural estrogens avoiding oral route 
all may represent the safest approach [ 48 ].  

13.9     Contraception 

 As pregnancy outcome in APS patients is strongly improved when pregnancy is 
planned, the importance of a good contraception is obvious. The choice of an effective 
and safe method permits avoiding pregnancy during immunological activity and/or 
forbidden drugs. Doctors should give information about thrombotic risk related to 
combined hormonal contraception that is contraindicated in APS patients. Progesterone-
only contraceptives, levonorgestrel intrauterine device (IUD), and progesterone implant 
represent effective alternatives. Immunorheumatologists should broach this topic with 
patients and further suggest a more detailed counseling with gynecologists [ 49 ].  

    Conclusions 
 Numerous studies nowadays show a success rate of 70–80 % in pregnancies of women 
with APS. The live birth rate has signifi cantly improved in the last 10–15 years; this is 
consistent with the prophylaxis strategies based on low-dose aspirin and heparin. 
However the role of pregnancy planning and of a multidisciplinary care in changing 
pregnancy outcome for these patients should also be mentioned [ 20 ].     
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14.1             Introduction 

 The antiphospholipid syndrome (APS) is defi ned by the occurrence of venous and 
arterial thromboses, often multiple, and recurrent fetal losses, frequently accompa-
nied by a moderate thrombocytopenia, in the presence of antiphospholipid antibod-
ies (aPL), namely, lupus anticoagulant (LA), anticardiolipin antibodies (aCL), or 
anti-β 2 -glycoprotein I (β 2 GPI) antibodies [ 1 ]. The APS can be found in patients 
having neither clinical nor laboratory evidence of another defi nable condition (pri-
mary APS), or it may be associated with other diseases, mainly systemic lupus ery-
thematosus (SLE), but occasionally with other autoimmune conditions [ 1 ], 
infections [ 2 ], drugs [ 1 ], and malignancies [ 3 ] (Table  14.1 ).

   Primary APS patients rarely progress to SLE. Only 8 % of 128 patients, who 
were followed up for about 9 years, developed lupus, and a positive Coombs’ test 
was a clinically signifi cant predictor of progression [ 4 ]. 

 The aPL can appear in different scenarios, such as asymptomatic “carrier” 
patients for aPL, “classical” APS with recurrent venous and/or arterial thrombosis, 
APS affecting otherwise healthy women with recurrent pregnancy loss, patients 
with aPL positivity with non-thrombotic aPL manifestations (i.e., thrombocytope-
nia, hemolytic anemia, or  livedo reticularis ) [ 5 ], or, in a small subset of patients, as 
a life-threatening form characterized by a rapid development of microthrombosis 
that led to rapid multiorgan failure, which is termed catastrophic APS [ 6 ].  
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14.2     Epidemiology of aPL 

 Prevalence of the aPL in the general population ranges between 1 and 5 %. However, 
only a minority of these individuals develop the APS. Some estimates indicate that 
the incidence of the APS is around 5 new cases per 100,000 persons per year and the 
prevalence around 40–50 cases per 100,000 persons [ 7 ]. Cross-sectional studies of 
aPL in SLE underestimate the true prevalence, because many SLE patients make 
these antibodies intermittently. In fact, aPL can disappear after thrombotic events in 
some SLE patients, demonstrating the importance of prospective studies in 
SLE. Previous estimates have suggested that 30 % of SLE patients will develop 
APS. In the Hopkins Lupus Cohort, after 20 years of follow-up, there was a 50 % 
chance of having an arterial or venous thrombosis event if the SLE patient had aPL. 

 Recently, the APS ACTION (AntiPhospholipid Syndrome Alliance For Clinical 
Trials and InternatiOnal Networking) group published a literature review focused 
in the prevalence of aPL in the general population with pregnancy morbidity, 
stroke, myocardial infarction (MI), and deep vein thrombosis (DVT). The authors 
estimated that aPL are positive in approximately 13 % of patients with stroke, 
11 % with MI, 9.5 % of patients with DVT, and 6 % of patients with pregnancy 
morbidity [ 8 ]. 

 The prevalence of the catastrophic APS is scarce (less than 1 % of all cases of 
APS) [ 6 ], but its potentially lethal outcome emphasizes its importance in clinical 
medicine today [ 9 ,  10 ]. In order to put together all the published case reports as well 
as the new diagnosed cases from all over the world, an international registry of 
patients with catastrophic APS (“CAPS Registry”) was created in 2000 by the 
 European Forum on Antiphospholipid Antibodies.  Currently, it documents the entire 
clinical, laboratory, and therapeutic data of more than 500 patients whose data has 

   Table 14.1    Diseases where aPL have been described   

  Systemic autoimmune diseases : systemic lupus erythematosus, rheumatoid arthritis, systemic 
sclerosis, primary Sjogren’s syndrome, dermato- and polymyositis, vasculitis (polyarteritis 
nodosa, microscopic polyarteritis, giant cell arteritis, Behçet’s disease, relapsing 
polychondritis, leukocytoclastic vasculitis) 

  Infections : viral (HIV infection; mononucleosis; rubella; parvovirus; hepatitis A, B, C; 
mumps), bacterial (syphilis, Lyme disease, tuberculosis, leprosy, infective endocarditis, 
rheumatic fever,  Klebsiella ), protozoal (malaria, toxoplasmosis) 

  Malignancies : solid tumors (lung, colon, cervix, prostate, liver, kidney, thymus, esophagus, 
maxilla, ovary, breast), hematologic (myeloid and lymphatic leukemias, polycythemia vera, 
myelofi brosis), lymphoproliferative diseases (Hodgkin’s disease, non-Hodgkin’s lymphoma, 
lymphosarcoma, cutaneous T-cell lymphoma/Sezary syndrome), paraproteinemias 
(monoclonal gammapathies, Waldenström macroglobulinemia, myeloma) 

  Nonmalignant hematologic conditions : idiopathic thrombocytopenic purpura, sickle-cell 
disease, pernicious anemia 

  Drugs : procainamide, phenothiazines, ethosuximide, chlorothiazide, quinine, oral 
contraceptives, anti-TNFα therapies 

  Other conditions : diabetes mellitus, autoimmune thyroid disease, infl ammatory bowel 
diseases, dialysis, Klinefelter’s syndrome, Ehlers-Danlos syndrome 
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been fully registered. This registry can be freely consulted on the Internet (  http://
ontocrf.costaisa.com/es/web/caps    ).  

14.3     Pathogenesis of aPL-Mediated Events 

 Several mechanisms have been proposed for the development of thrombosis in rela-
tion with the presence of aPL. Available data indicate that many of the autoantibod-
ies associated with APS are directed against a number of plasma proteins and 
proteins expressed on, or bound to, the surface of vascular endothelial cells or plate-
lets. The involvement of aPL in clinically important normal procoagulant and anti-
coagulant reactions and on certain cells altering the expression and secretion of 
various molecules may offer a basis for defi nitive investigations of possible mecha-
nisms by which aPL may develop thrombotic events in patients with APS [ 11 ]. 

 A major advance came in the early 1990s with the simultaneous recognition by 
different groups that aPL required a plasma protein “cofactor” to bind cardiolipin on 
ELISA plates. β 2 -glycoprotein I (β 2 GPI) was identifi ed as this cofactor. β2GPI- 
dependent autoantibodies seem to be the main pathogenic subpopulation of aPL. 

 Some evidence shows that a second hit (i.e., infections, trauma, drugs, among 
others) is required for thrombus formation in APS. This requirement is less clear for 
fetal loss. The theory of a second hit is especially important in the case of cata-
strophic APS. 

 In addition to placental thrombosis, other mechanisms for direct effects of aPL on 
placental tissues have been proposed. aPL decrease the levels of annexin V, a potent 
natural anticoagulant present in placenta and vascular endothelium. Another postu-
lated mechanism is that aPL displace annexin V from trophoblast with resulting 
increased exposure of anionic phospholipids and acceleration of thrombin genera-
tion. Annexin V appears to play a thrombomodulatory role in the placental circula-
tion where it is necessary for maintenance of placental integrity (Table  14.2 ) [ 12 ,  13 ].

14.4        Clinical Manifestations 

 APS is characterized by either venous or arterial thrombosis affecting any kind of 
blood vessels. Single-vessel involvement or multiple vascular occlusions may give 
rise to a wide variety of presentations. The baseline characteristics and new APS 
features during the follow-up of a cohort of 1,000 patients with APS (“Euro- 
Phospholipid Project”) are collected in Table  14.3  [ 14 ].

14.4.1       Venous and Arterial Involvement 

 Any combination of vascular occlusive events may occur in the same individual and 
the time interval between them also varies considerably from weeks to months or 
even years. 
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 Venous occlusions in form of DVT, particularly affecting the veins of the lower 
limbs, are the most common clinical manifestation of the APS [ 15 ]. 

 Other less common manifestations include superfi cial thrombophlebitis, chronic 
venous stasis, secondary malleolar ulceration, and venous occlusions occurring at 
sites of venous access. 

 The thoracic branches of the aorta may be affected, and an “aortic arch syn-
drome” with absent brachial pulse has been documented. Patients with APS com-
monly present with thrombotic problems, but there is a subgroup of patients who 
develop aneurysms with no evidence of vasculitis. Arterial stenosis can also play a 
role in APS. It may affect arteries of varying sizes and sites. So far, arterial stenosis 
affecting the renal, celiac, and intracranial arteries has been observed. The underly-
ing pathology and mechanism for these stenotic lesions are unknown but may 

  Table 14.2    Possible 
pathogenic mechanisms of 
the aPL [ 11 – 13 ]  

  Inhibition of anticoagulant reactions : 

   Inhibition of β 2 GPI anticoagulant activity 

   Inhibition of the protein C pathway 

    Inhibition of protein C activation 

    Inhibition of activated protein C 

   Inhibition of antithrombin activity 

   Displacement of annexin A5 

  Cell-mediated events : 

   On endothelial cells: 

    Enhanced endothelial cell procoagulant 
activity 

     Increased expression and activation of 
tissue factor 

     Expression of adhesion molecules 

     Impaired fi brinolysis 

    Dysregulation of eicosanoids 

     Decreased endothelial cell prostacyclin 
production 

     Increased platelet thromboxane A 2  
production 

    Impaired function of endothelial nitric oxide 
synthase 

   On monocytes: 

    Expression of tissue factor 

    Increase oxidative stress 

   On platelets: 

    Enhanced platelet activation/aggregation 

   On plasmacytoid dendritic cells: 

    Increased expression of toll-like receptor 7 
and toll-like receptor 8 
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involve thrombosis, accelerated atherosclerosis, and/or proliferation of smooth 
muscle [ 16 ].  

14.4.2     Neurologic Involvement 

 Involvement of cerebral large vessels is frequent in APS, and patients usually pres-
ent clinically with transient ischemic attacks (TIA) and strokes. Additionally, a wide 
spectrum of other neurologic features has been described, including chorea, epi-
lepsy, multiple sclerosis-like lesions, psychiatric features, migraine, and also 
dementia, among others. 

 The association of aPL with recurrent stroke has been demonstrated in prospec-
tive studies. Patients with cerebral ischemia and APS are younger than the general 
stroke population. In particular, the strongest association of aPL with stroke is seen 
in patients under 50 years of age, with a prevalence of aPL reported to be from 4 to 
46 % in this population. 

   Table 14.3    Most common manifestations in the APS, according to the “Euro-Phospholipid 
Project” at baseline and during the 10-year follow-up   

 Manifestations 

 Baseline  0–5 year  5–10 year 

 ( n  = 1,000)  ( n  = 1,000)  ( n  = 796) a  

 %  %  % 

 Deep vein thrombosis  38.9  2.1  2.7 

 Superfi cial thrombophlebitis in legs  11.7  0.9  1.0 

 Stroke  19.8  2.4  3.6 

 Transient ischemic attack  11.1  2.3  3.0 

 Epilepsy  7.0  1.7  1.9 

 Pulmonary embolism  14.1  2.1  1.7 

  Cardiac manifestations  

 Valve thickening/dysfunction  11.6  1.7  3.6 

 Myocardial infarction  5.5  0.9  1.2 

 Vegetations  2.7  1.4  0.9 

  Livedo reticularis   24.1  2.6  6.9 

 Thrombocytopenia (<100,000/μl)  29.6  3.7  6.3 

 Autoimmune hemolytic anemia  9.7  0.9  3.9 

  Obstetric manifestations    (  n   = 1580)    (  n   = 105)    (  n   = 83)  
 Preeclampsia  5.2  7.6  4.8 

 Early fetal losses (<10 weeks)  35.4  17.1  15.7 

 Late fetal losses (≥10 weeks)  16.9  6.7  2.4 

 Live births  47.7  76.2  68.7 

  Modifi ed from Cervera et al. [ 22 ] 
  a Number of patients that continued in the study in 2004 
  b Obstetric manifestations related to number of pregnancies ( n ). Some women had more than one 
pregnancy  
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 In a large prospective study [ 17 ], aCL were an independent risk factor for isch-
emic stroke and TIA in women after multivariate adjustment for other cardiovascu-
lar risk factors, including age, systolic blood pressure, diabetes, cigarette smoking, 
and plasma C-reactive protein and cholesterol levels. 

 Cognitive dysfunction varies from global dysfunction in the context of multi- 
infarct dementia to subtle cognitive defi cits in otherwise asymptomatic patients 
with aPL.  

14.4.3     Cardiac Involvement 

 A variety of cardiac valve lesions have been associated with aPL in primary APS 
and SLE. Echocardiographic studies have shown that SLE patients with aPL have a 
higher prevalence of valvular lesions (mainly mitral and aortic lesions) than those 
without aPL. The valvular lesions consist mainly of superfi cial or intravascular 
fi brin deposits and their subsequent organization: vascular proliferation, fi broblast 
infl ux, and rigidity, leading to functional abnormalities. These may represent a 
potential cardiac source of stroke. It has been shown that the prevalence of valvular 
abnormalities, particularly left-sided valve lesions, is higher in SLE patients with 
aPL than in those without. Our group [ 18 ] showed that patients with SLE and aPL 
have an increased frequency of mitral valve vegetations and mitral regurgitation 
than aPL-negative patients (16 % vs 1.2 % and 38 % vs 12 %, respectively). In this 
study, 9 of 50 patients with mitral valve disease had cerebrovascular occlusions dur-
ing follow-up, showing that valvular lesions can be a source for emboli and a pos-
sible cause of ischemic stroke in aPL patients, as reported by other authors. In 
patients with SLE, particularly women between 35 and 44 years of age, the risk of 
cardiovascular events is over ten times higher than in healthy women of similar age.  

14.4.4     Pulmonary Involvement 

 Pulmonary manifestations – including pulmonary embolism and infarction; pulmo-
nary hypertension; adult respiratory distress syndrome (ARDS); intra-alveolar hem-
orrhage; primary thrombosis of lung vessels, both large and small; and pulmonary 
capillaritis – may be associated with this syndrome. Less commonly, a postpartum 
syndrome and fi brosing alveolitis associated with APS have been described. 

 The prevalence of pulmonary hypertension in APS associated with SLE and primary 
APS has been estimated to be between 1.8 % and 3.5 %, respectively. In a prospective 
analysis of 500 patients with SLE, a statistically signifi cant association between pulmo-
nary hypertension and the presence of IgA aCL above 2 SD has been described.  

14.4.5     Renal Involvement 

 Renal involvement can be present in patients with either primary or SLE-associated 
APS. Clinical and laboratory features of renal involvement in APS include 
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hypertension, hematuria, acute renal failure, and progressive chronic renal insuffi -
ciency with mild levels of proteinuria that can progress to nephrotic-range protein-
uria. The main lesions are renal artery stenosis, venous renal thrombosis, and 
glomerular lesions (APS nephropathy) that may be acute (thrombotic microangi-
opathy) and/or chronic (arteriosclerosis, arterial fi brous intimal hyperplasia, tubular 
thyroidization, arteriolar occlusions, and focal cortical atrophy). APS can also cause 
end-stage renal disease and allograft vascular thrombosis [ 19 ].  

14.4.6     Osteoarticular Involvement 

 Osteonecrosis (ON) or avascular necrosis of bone is a well-recognized complication 
in patients with SLE and APS. The pathogenesis of ON is probably multifactorial, 
of which abnormal hemostatic state such as the presence of aPL may play an impor-
tant role. In patients with aPL, bilateral involvement of the femoral head is often 
found, but some patients follow an asymptomatic course. Atypical site ON (talus, 
vertebral, carpal lunate) and/or multiple ON (more than three bones affected) are 
not uncommon in patients with APS. 

 By defi nition, frank and sustained arthritis are not usually seen in patients with 
primary APS. However, arthralgias are not uncommon. Other anecdotal features, 
such as stress fractures, have been occasionally reported in association with 
aPL. The management of patients with aPL and ON without venous or arterial 
thrombosis is still controversial. A high diagnostic suspicion is crucial in order to 
prevent the onset of ON in new territories and to avoid the need of joint replace-
ment [ 20 ].  

14.4.7     Obstetric APS 

 A large proportion of pregnancy losses related to aPL occurs in the fetal period 
(greater than 10 weeks of gestation). However, fetal deaths at these gestational ages 
normally account for only a small proportion of all pregnancy losses in the general 
population, which occur more frequently before 10 weeks of gestation. 

 The most characteristic feature of obstetrical APS is miscarriage. Currently, 
recurrent miscarriage is a potentially treatable condition when it is associated with 
aPL. Additionally, several other serious obstetric complications have been associ-
ated with APS, including preeclampsia, fetal growth restriction, uteroplacental 
insuffi ciency, fetal distress, and medically induced preterm delivery. Preeclampsia 
is also associated with APS. Although 11–17 % of women with preeclampsia will 
test positive for aPL, the association is strongest in women with severe preterm 
preeclampsia (less than 34 weeks of gestation). Other infrequent reported maternal 
APS complications include postpartum cardiopulmonary syndrome, chorea gravi-
darum, and postpartum cerebral infarct among others [ 21 ]. 

 In the “Euro-Phospholipid Project,” baseline obstetric manifestations included 
early fetal losses (<10 weeks) in 35 % of patients, late fetal losses (>10 weeks) in 
17 %, and prematurity in 10 % of cases [ 14 ].   
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14.5     Follow-Up, Outcome, and Organ Damage in APS 

 Under an appropriate treatment (usually, anticoagulation), most patients with 
diagnosis of APS have a satisfactory outcome. However, some patients can 
develop new manifestations. The 10-year follow-up report from the “Euro-
Phospholipid Project” was recently published [ 22 ]. During the 10-year period, the 
most frequent manifestation was thrombosis. The most common thrombotic 
events were strokes (5.3 %), TIA (4.7 %), DVT (4.3 %), and pulmonary embolism 
(3.5 %). Other APS-related manifestations were also commonly observed, includ-
ing thrombocytopenia (8.7 %),  livedo reticularis  (8.1 %), autoimmune hemolytic 
anemia (4 %), valve thickening/dysfunction (4.6 %), epilepsy (3.2 %), and skin 
ulcers (3.1 %). 

 Given that APS affect predominantly young patients, assessment of organ dam-
age is crucial, but publications in that fi eld are limited. A retrospective analysis was 
recently published that focused in morbidity, mortality, and organ damage in 135 
APS patients. Patients were clustered according to the initial event: arterial throm-
bosis, DVT, or pregnancy morbidity. One-fourth of the patients progressed to organ 
damage in a mean time of 10 years from disease onset. The highest morbidity was 
attributed to neurologic damage, which was more common among patients with 
arterial thrombosis as an initial manifestation. 

 In the “Euro-Phospholipid Project,” a 5-year survival rate of 94 % was reported. 
During this follow-up period, 53 (5.3 %) patients died. The main causes of death 
included bacterial infection (21 %), MI (19 %), stroke (13 %), hemorrhage (11 %), 
malignancy (11 %), catastrophic APS (9 %), and pulmonary embolism (9 %), 
among others. 

 During the 10-year period, 93 (9.3 %) patients (72 female and 21 male) died, 
leading to a survival rate of 91 % at 10-year follow-up. There were no differ-
ences in survival probabilities between patients with primary APS and those 
associated with SLE. The most common causes of death were severe thrombotic 
events, including MI, strokes and pulmonary embolism (36 % of total deaths), 
infections (27 %: bacterial 21 %, other 6 %), and hemorrhages (11 %). Five out 
of the nine (56 %) patients who developed catastrophic APS died [ 22 ].  

14.6     Laboratory Abnormalities in APS 

 A wide variety of laboratory abnormalities can be found in patients with APS, 
depending on the organ involvement. The most common immunological features 
are depicted in Table  14.4 . Detection of the LA must be performed according to 
the guidelines of the International Society on Thrombosis and Hemostasis 
(Scientifi c Subcommittee on Lupus Anticoagulants/Phospholipid-Dependent 
Antibodies) [ 23 ].
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14.7        APS Classification Criteria 

 In 1999, a preliminary set of classifi cation criteria was established after an expert 
workshop held in Sapporo, Japan [ 24 ]. Later, another workshop was held in Sydney, 
Australia, in which the experts proposed some modifi cations to the previous criteria, 
such as the inclusion of anti-β2GPI antibodies. Although no new clinical criteria 
were added, some particular features were remarked on, such as associated APS 
features, including cardiac valve involvement,  livedo reticularis , thrombocytopenia, 
APS nephropathy, and non-thrombotic central nervous system manifestations (i.e., 
cognitive dysfunction) [ 25 ] (Table  14.5 ).

   The preliminary classifi cation criteria for catastrophic APS were formulated at a 
workshop in Taormina, Italy, in 2002, during the 10th International Congress on 
aPL, and published as a consensus statement in 2003 (Table  14.6 ) [ 26 ].

14.7.1       Assessment of the Classification Criteria 

 The revised APS classifi cation criteria [ 25 ] provide a more uniform basis for select-
ing patients for APS research by emphasizing risk stratifi cation. They strongly rec-
ommend investigating coexisting inherited and acquired thrombosis risk factors in 
patients with APS, especially in those who are included in clinical trials. A recent 
assessment of the 2006 revised APS classifi cation criteria has shown that only 59 % 
of the patients meeting the 1999 APS Sapporo classifi cation criteria met the revised 
criteria [ 27 ]. Therefore, it is expected that these revised criteria will have positive 
implications in APS research by means of limiting the inclusion of a heterogeneous 
group of patients and also by providing a risk-stratifi ed approach. Furthermore, 

  Table 14.4    Most common 
immunological fi ndings in 
the APS, according to the 
“Euro-Phospholipid Project”  

 Parameter  % 

 aCL  87.9 

   IgG and IgM aCL  32.1 

   IgG aCL alone  43.6 

   IgM aCL alone  12.2 

 LA  53.6 

   LA alone  12.1 

   LA and aCL  41.5 

 ANA  59.7 

 Anti-dsDNA  29.2 

 Anti-Ro/SS-A  14 

 Anti-La/SS-B  5.7 

 Anti-RNP  5.9 

 Anti-Sm  5.5 

 Rheumatoid factor  7.8 

 Cryoglobulins  3.6 
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   Table 14.5    Revised classifi cation criteria for the APS [ 25 ]   

  Clinical criteria  

 1. Vascular thrombosis a  

 One or more clinical episodes of arterial, venous, or small vessel thrombosis, in any tissue or 
organ. Thrombosis must be confi rmed by imaging or Doppler studies or histopathology, with 
the exception of superfi cial venous thrombosis. For histopathologic confi rmation, thrombosis 
should be present without signifi cant evidence of infl ammation in the vessel wall 

 2. Pregnancy morbidity 

   (a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th 
week of gestation, with normal fetal morphology documented by ultrasound or by direct 
examination of the fetus 

   (b) One or more premature births of a morphologically normal neonate before the 34th 
week of gestation because of (a) eclampsia or severe preeclampsia defi ned according to 
standard defi nitions or (b) recognized features of placental insuffi ciency b  

   (c) Three or more unexplained consecutive spontaneous abortions before the 10th week of 
gestation, with maternal anatomic or hormonal abnormalities and paternal and maternal 
chromosomal causes excluded 

 In studies of populations of patients who have more than one type of pregnancy morbidity, 
investigators are strongly encouraged to stratify groups of subjects according to a, b, or c 
above 

  Laboratory criteria  c  

 1. Anticardiolipin antibody of IgG and/or IgM isotype in serum or plasma, present in medium 
or high titer (i.e., >40 GPL or MPL or > the 99th percentile or > mean + 3SD of 40 healthy 
controls), on 2 or more occasions, at least 12 weeks apart, measured by a standardized 
enzyme-linked immunosorbent assay 

 2. Lupus anticoagulant present in plasma, on 2 or more occasions at least 12 weeks apart, 
detected according to the guidelines of the International Society on Thrombosis and 
Hemostasis (Scientifi c Subcommittee on Lupus Anticoagulants/Phospholipid-Dependent 
Antibodies) 

 3. Anti-β 2 -glycoprotein I antibody of IgG and/or IgM isotype in serum or plasma, present on 2 
or more occasions, at least 12 weeks apart, measured by a standardized enzyme-linked 
immunosorbent assay, according to recommended procedures 

   Defi nite APS is present if at least one of the clinical criteria and one c  of the laboratory 
criteria are met, with the fi rst measurement of the laboratory test performed at least 
12 weeks from the clinical manifestation d  

   a Coexisting inherited or acquired factors for thrombosis are  not  a reason for excluding patients 
from APS trials. However, two subgroups of APS patients should be recognized, according to (a) 
the  presence  and (b) the  absence  of additional risk factors for thrombosis. Indicative (but not 
exhaustive) cases include age (>55 in men and >65 in women) and the presence of any of the 
established risk factors for cardiovascular disease (hypertension, diabetes mellitus, elevated LDL 
or low HDL cholesterol, cigarette smoking, family history of premature cardiovascular disease, 
body mass index ≥30 kg/m 2 , microalbuminuria, estimated GFR <60 mL/min), inherited thrombo-
philias, oral contraceptives, nephrotic syndrome, malignancy, immobilization, surgery. Thus, 
patients who fulfi ll criteria should be stratifi ed according to contributing causes of thrombosis 
  b Generally accepted features of placental insuffi ciency include: (1) abnormal or non-reassuring 
fetal surveillance test(s), e.g., a nonreactive non-stress test, suggestive of fetal hypoxemia; (2) 
abnormal Doppler fl ow velocimetry waveform analysis suggestive of fetal hypoxemia, e.g., 
absent end-diastolic fl ow in the umbilical artery; (3) oligohydramnios, e.g., an amniotic fl uid 
index of 5 cm or less; or (4) a postnatal birth weight less than the 10th percentile for the gesta-
tional age 
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although the APS classifi cation criteria are not meant for clinical purposes, they are 
the best available tool to avoid overdiagnosis of APS in clinical practice. 

 Regarding the classifi cation criteria for the catastrophic APS, a validation study 
showed that they have a sensitivity of 90.3 %, a specifi city of 99.4 %, a positive 
predictive value of 99.4 %, and a negative predictive value of 91.1 % [ 28 ].   

14.8     Assessment of Thrombosis Risk in APS Patients 

 Several attempts have been made in order to identify the individual risk of thrombo-
sis in patients positive for aPL [ 29 – 31 ]. A study of pregnant women with APS 
reported that patients with triple aPL positivity (i.e., positivity for LA, aCL, and 
anti-β 2 GPI) and/or previous thromboembolism had an increased likelihood of poor 

Table 14.5 (continued)

  c Investigators are strongly advised to classify APS patients in studies into one of the following 
categories: 
  I: More than one laboratory criteria present (any combination) 
  IIa: Anticardiolipin antibody present alone 
  IIb: Lupus anticoagulant present alone 
  IIc: Anti-β 2 -glycoprotein I antibody present alone 
  d Classifi cation of APS should be avoided if less than 12 weeks or more than 5 years separate the 
positive aPL test and the clinical manifestation  

   Table 14.6    Preliminary criteria for the classifi cation of catastrophic APS [ 26 ]   

 1. Evidence of involvement of three or more organs, systems, and/or tissues a  

 2. Development of manifestations simultaneously or in less than a week 

 3. Confi rmation by histopathology of small vessel occlusion in at least one organ or tissue b  

 4. Laboratory confi rmation of the presence of antiphospholipid antibodies (lupus anticoagulant 
and/or anticardiolipin antibodies) c  

   Defi nite catastrophic APS : All four criteria 
  Probable catastrophic APS : 
  All four criteria, except for only two organs, systems, and/or tissues involvement 
  All four criteria, except for the absence of laboratory confi rmation at least 6 weeks apart due to 
the early death of a patient never tested for aPL before the catastrophic APS 
  1, 2, and 4 
  1, 3, and 4 and the development of a third event in more than a week but less than a month, 
despite anticoagulation 
  a Usually, clinical evidence of vessel occlusions, confi rmed by imaging techniques when appropri-
ate. Renal involvement is defi ned by a 50 % rise in serum creatinine, severe systemic hypertension 
(>180/100 mmHg), and/or proteinuria (>500 mg/24 h) 
  b For histopathologic confi rmation, signifi cant evidence of thrombosis must be present, although 
vasculitis may coexist occasionally 
  c If the patient had not been previously diagnosed as having an APS, the laboratory confi rmation 
requires that presence of antiphospholipid antibodies must be detected on two or more occasions 
at least 6 weeks apart (not necessarily at the time of the event), according to the proposed prelimi-

nary criteria for the classifi cation of defi nite APS (9)  
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neonatal outcomes than patients with double or single aPL positivity and no throm-
bosis history. More recently, a global APS score (GAPSS) was developed in a cohort 
of 211 SLE from a single center [ 31 ]. GAPSS is derived from the combination of 
independent risk for both thrombosis and loss of pregnancy, taking into account a 
panel of seven different aPL, conventional cardiovascular risk factors, the autoim-
mune antibody profi le (i.e., antinuclear, anti-dsDNA, or anti-ENA antibodies), and 
the use of thromboprophylactic drugs. The authors assigned the risk factors identi-
fi ed by multivariate analysis-weighted points proportional to the ß-regression coef-
fi cient values. Finally, six factors were included in the model, and they included 
IgG/IgM aCL (5 points), IgG/IgM anti-β 2 GPI antibodies (4 points), LA (4 points), 
IgG/IgM anti-phosphatidylserine-prothrombin complex antibodies (3 points), 
hyperlipidemia (3 points), and arterial hypertension (1 point). A GAPSS cutoff 
value of ≥10 points appears to have the best diagnostic yield.  

14.9     Therapy 

 Treatment decisions in APS fall into four main areas: prophylaxis, prevention of 
further thromboses of large vessels, management of pregnancy in association with 
aPL, and treatment of acute thrombotic microangiopathy, mainly catastrophic APS. 

 Elimination of aPL may be accomplished by several therapeutic regimens, 
including high-dose steroid administration, immunosuppression (e.g., cyclophos-
phamide), or plasma exchange. The decrease or elimination is, however, temporary, 
and antibodies rapidly return (within 1–3 weeks) on cessation of therapy. Therefore, 
therapy should not primarily be directed at effectively reducing the aPL levels, and 
the use of immunotherapy is generally not indicated, unless required for the treat-
ment of the underlying condition, e.g., SLE, or in acute life-threatening situations, 
such as the catastrophic APS. The risk of recurrence of thrombosis is markedly 
increased in the fi rst 6 months after discontinuation therapy, suggesting a “rebound” 
phenomenon. Therefore, for patients who have already experienced thrombotic 
events, lifelong treatment with anticoagulants is essential [ 32 ]. 

 In cases of fi rst venous event, low-risk aPL profi le or a known transient precipi-
tating factor (e.g., oral contraceptives), anticoagulation could be limited to 
3–6 months and antiaggregants, as well as avoidance of the triggering factors, may 
indeed be suffi ciently effective for future thromboprophylaxis [ 33 ]. 

 Patients with defi nite APS with a fi rst venous thrombosis event should receive 
oral anticoagulant therapy to a target INR 2.0–3.0. Patients with defi nite APS and 
arterial thrombosis should receive oral anticoagulant therapy to a target around 3.0 
or receive a combined therapy with antiaggregant plus anticoagulation with a INR 
target between 2.0 and 3.0 [ 34 ]. 

 Long-term anticoagulation with oral vitamin K antagonists such as warfarin is 
the cornerstone treatment in APS. However, novel oral anticoagulation therapies 
have been developed during the last years; these therapies are direct anti-Xa inhibi-
tors and included rivaroxaban, apixaban, and edoxaban as well as a direct thrombin 
inhibitor named dabigatran etexilate. Although these are promising therapies for 
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patients with arterial or venous thrombosis, data in APS is scare but prospective 
clinical trials are ongoing. However, a recent report described three cases who 
developed new APS features (i.e., cerebral emboli, stroke, and porto-mesenteric 
venous thrombosis) in patients who were switched from oral warfarin to new anti-
coagulants (one case dabigatran and two cases rivaroxaban) [ 35 ]. 

 The thrombocytopenia occurring during the course of the APS is usually mild 
and does not require any active intervention. However, in a minority of cases, it can 
be severe and refractory to prednisone therapy. In these cases, immunosuppressive 
therapy (e.g., azathioprine), intravenous immunoglobulins, or rituximab may be 
effective. 

 A recently published non-randomized prospective pilot study has shown the effi -
cacy and safety  of  rituximab for the treatment of non-criteria aPL manifestations in 
patients with classic APS [ 36 ]. According to the results, rituximab may be effective 
in controlling some non-criteria aPL manifestations, such as thrombocytopenia and 
skin ulcers. 

 It is important to consider that the presence of moderate to severe thrombocytope-
nia in patients with ongoing thromboses is not a contraindication for anticoagulation. 

 Management of the catastrophic APS includes an aggressive approach with a 
combined treatment that includes anticoagulation with heparin, high-dose steroids, 
plasma exchange, and/or intravenous immunoglobulins [ 26 ]. For patients with 
refractory catastrophic APS, rituximab and eculizumab are good alternatives. A 
recent publication [ 37 ] demonstrated that 75 % of patients with refractory cata-
strophic APS treated with rituximab recovered from the acute catastrophic APS epi-
sode; however, 20 % of them died at the time of the event. Eculizumab, a humanized 
monoclonal antibody against complement protein C5, is currently approved for the 
treatment of paroxysmal nocturnal hemoglobinuria and is a promising therapy in 
catastrophic APS [ 38 ]. Eculizumab treatment benefi ts patients with microangiopa-
thies, reducing intravascular hemolysis and blocking complement-mediated patho-
genic effects. Recently, a few case reports have described the benefi ts of eculizumab 
therapy in catastrophic APS patients who were refractory to conventional therapy or 
for the prevention of recurrent catastrophic APS after renal transplantation [ 39 ].  

14.10     Prevention 

 In patients with aPL who have never suffered from a thrombotic event (primary 
thromboprophylaxis), energetic attempts must be made to avoid or to treat any asso-
ciated risk factors – e.g., antihypertensives, cholesterol-lowering agents, treatment 
of active nephritis, avoidance of smoking, or sedentarism. 

 Individual decisions should be made based on several aspects, including the aPL 
profi le (type of antibodies, level, and persistence), the coexistence of other pro-
thrombotic factors, the presence of an underlying autoimmune disease (specially 
SLE) [ 34 ], and, potentially, the GAPSS score. 

 Care should be also taken with the administration of oral contraceptives. There 
may be a case for the prophylactic treatment of individuals with high levels of IgG 
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aCL or persistent LA activity with antiaggregants (aspirin, 75–150 mg daily), spe-
cially in those with added risk factors [ 40 ], although a recently published trial has 
not confi rmed the benefi ts of aspirin in the APS primary thromboprophylaxis [ 41 ]. 
For higher-risk patients (patients with SLE and persistently positive LA), primary 
thromboprophylaxis with hydroxychloroquine and low-dose aspirin is recom-
mended [ 34 ]. 

 On the other hand, prophylaxis of venous thrombosis is required for patients 
undergoing surgical procedures (particularly, hip surgery), those requiring long 
stays in bed, or during the puerperium. The use of low-molecular-weight subcutane-
ous heparin is recommended in those circumstances. 

 Low-dose aspirin (50–100 mg daily) administered from the beginning of preg-
nancy until just prior to delivery is the accepted standard therapy for the prevention 
of fetal loss today. This may be combined with daily subcutaneous heparin in the 
face of previous fetal losses using aspirin [ 42 ,  43 ]. In cases of ongoing anticoagula-
tion, warfarin administration should be discontinued as soon as pregnancy is diag-
nosed, since it is teratogenic, and switched to heparin plus low-dose aspirin. In 
addition, close monitoring of pregnancy with Doppler techniques, in order to detect 
early placental vascular insuffi ciency, and delivery with the fi rst signs of fetal dis-
tress are mandatory [ 44 ]. 

 Some potential alternatives for the treatment of refractory obstetric APS include 
double antiaggregant therapy, intravenous immunoglobulins, and biologic thera-
pies, especially antitumor necrosis factor alpha agents and plasma exchange ses-
sions [ 45 ].     
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15.1             Introduction 

 Systemic lupus erythematosus (SLE) is an autoimmune rheumatic disease charac-
terized by a heterogeneous group of clinical features and laboratory abnormalities. 
Disease presentation appears highly changeable [ 1 ], and quantifi cation of disease 
activity is still variably applied in clinical trials and clinical practice since no gold 
standard clinimetric measurement of lupus activity has been identifi ed to date. 

 Prognosis of SLE has dramatically improved since the 1950s; however, SLE 
patients still display a 4.6-fold higher standardized mortality rate and a poorer qual-
ity of life compared to their counterparts in the general population [ 2 ]. Persistent 
disease activity and drug side effects are associated with damage accrual, which in 
turn is predictive of more damage and poor prognosis. 

 In this chapter, we review the various instruments that are used to assess disease 
activity, as well as SLE prognosis, including survival, causes of death, and prognos-
tic predictors.  

15.2     Disease Activity Indices 

 Lupus activity can be defi ned as the sum of all clinical manifestations and serologi-
cal abnormalities related to ongoing immune infl ammatory pathways involved in 
SLE. From the clinical point of view, lupus activity encompasses infl ammatory and 
noninfl ammatory manifestations and persistent serologic abnormalities including 
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the presence of autoantibodies, especially anti-double-stranded (ds) DNA antibody 
and low C3 and/or C4. 

 The physician’s opinion is often considered the “gold standard” for the evalua-
tion of disease activity; however, it is not reliable due to important limitations 
including the physician’s personal experience and the weight which has to be 
assigned to the involvement of various organs [ 3 ]. 

 Since the 1980s, nearly 60 different indices for assessing SLE activity have been 
elaborated [ 3 ]. Among them, two types of disease activity measurements can be 
identifi ed: global activity scores, which provide an overall measurement of disease 
activity, and specifi c organ/system activity scores which assess disease activity in a 
single organ or system. Table  15.1  reports the most commonly used SLE disease 
activity indices.

   Global score indices are very useful for comparing cohorts of SLE patients, as 
well as subjects with different disease manifestations. In addition, they are easy to 
assess and can be used retrospectively. However, the fi nal score of a global activity 
tool might be the result of low activity in several organs or high activity in one sin-
gle organ. In addition, they may underscore the severity of the disease [ 3 ]. 

 On the other hand, specifi c organ/system scales are able to identify the extreme 
variability of SLE manifestations and allow for the assessment of disease activity 
and clinical response in specifi c organs. Therefore, they may be used as a cutoff for 
defi ning entry criteria into clinical trials. However, they are not very sensitive, and 
training is required to improve the performance of assessors.  

15.3     Global Score Activity Indices 

 The  Physician Global Assessment (PGA)  is an important and useful outcome evalu-
ation of lupus disease activity that is based on the physicians’ overall judgment. It 
provides a score based on clinical evaluation ranging between 0 and 3, where 0 
means absence of disease activity and 3 is the highest disease activity which the 

  Table 15.1    Major disease 
activity scores of SLE  

 Global indices  Organ-specifi c indices 

 PGA  BILAG 

 SLEDAI  CLASI 

 SLEPDAI  DAS28 

 SLAM 

 ECLAM 

   PGA  physician global assessment,  SLEDAI  
 systemic lupus erythematosus activity index, 
 SLEPDAI  systemic lupus erythematosus pregnancy 
activity index,  SLAM  systemic lupus activity mea-
sure,  ECLAM  European Consensus Lupus activity 
measurement,  BILAG  British Isles Lupus 
Assessment Group,  CLASI  Cutaneous Lupus 
Erythematosus Disease Area and Severity Index, 
 DAS28  Disease Activity Score-28  
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examiner can expect considering all patients with lupus, in other words the most 
active patient in the “universe of lupus” and not in that particular patient. 

 The  systemic lupus erythematosus disease activity index (SLEDAI)  was devel-
oped at the University of Toronto in 1992 and it is composed of 24 items [ 4 ]. The 
score of severe clinical manifestations of SLE, such as vasculitis and renal and 
neurological involvement, is higher compared to other less severe disease manifes-
tations, e.g., joint and skin manifestations. Serology, including anti-dsDNA, C3, 
and C4, is also taken into consideration. Only descriptors that are present in the 
10 days prior to evaluation should be scored. The total SLEDAI score can vary from 
0 to 105. 

 SLEDAI provides an overall evaluation of disease activity and is especially use-
ful for comparing cohorts of SLE patients. Notably, it allows comparisons of 
patients with different disease manifestations. It is easy to assess, straightforward, 
and can also be retrospectively evaluated. Nonetheless, the SLEDAI score has some 
drawbacks: fi rst, the fi nal score might be due to low activity in different organs or 
high activity in one single organ; second, the same score may be due to the involve-
ment of different organs; third, it may underscore the severity of the disease; and, 
lastly, the decrease in score due to the improvement in a specifi c organ system may 
be masked by the worsening in another organ system. 

 Since the fi rst publication of the SLEDAI index, several modifi cations have been 
made including the Safety of Estrogens in Lupus Erythematosus National 
Assessment (SELENA) – SLEDAI and the SLEDAI-2000 (SLEDAI-2K). There are 
also simplifi ed English and Spanish versions of the SLEDAI without immunologi-
cal tests, which make the index easier to assess: the MEX-SLEDAI [ 3 ]. 

 SELENA-SLEDAI [ 5 ] emphasizes new or recurrent disease activity in some 
descriptors (seizure, cranial nerve disorders, cerebrovascular accidents, skin rash, 
alopecia, mucosal ulcers, proteinuria) in order to identify disease fl ares rather than 
persistent disease activity. 

 In 2002, Gladman et al. published an updated version of the original SLEDAI, 
called SLEDAI-2K [ 6 ]. The modifi cation was made in order to identify persistent 
active disease manifestations and not only new onset or fl ares. In the SLEDAI-2K, 
ongoing rashes, proteinuria, alopecia, and mucosal lesions have to be scored 
(Table  15.2 ). The SLEDAI-2K is widely used in clinical practice.

   On the basis of the SLEDAI score, we can subdivide disease activity into fi ve 
levels: 0 = inactive disease, from 1 to 5 = mild SLE activity, from 6 to 10 = moder-
ately active lupus, from 11 to 19 = active SLE, and ≥20 = very active lupus. 

 In order to better standardize the assessment of SLE activity during pregnancy, 
SLEDAI was modifi ed into the SLE-Pregnancy Disease Activity Index (SLEPDAI) 
[ 7 ]. This includes the 24 SLEDAI descriptors, 15 of which were modifi ed in order 
to differentiate signs or symptoms caused by lupus activity from those related to 
pregnancy. Notably, preeclampsia-eclampsia is considered an exclusion criterion 
for some CNS descriptors including seizure, headache and cerebral infarctions, and 
HELLP (hemolysis, elevated liver enzymes, and low platelets) syndrome for throm-
bocytopenia. SLEPDAI has not been formally validated; nevertheless, it has been 
used in some studies. 
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   Table 15.2    The systemic lupus erythematosus disease activity index 2000 (SLEDAI-2K)   

 Weight  Score  Descriptor  Defi nition 

 8  Seizure  Recent onset, exclude metabolic, infectious, or 
drug causes 

 8  Psychosis  Altered ability to function in normal activity due 
to severe disturbance in the perception of reality. 
Includes hallucinations, incoherence, marked 
loose associations, impoverished thought content, 
marked illogical thinking, bizarre, disorganized, 
or catatonic behavior. Exclude uremia and drug 
causes 

 8  Organic brain syndrome  Altered mental function with impaired 
orientation, memory, or other intellectual 
function, with rapid-onset and fl uctuating clinical 
features, inability to sustain attention to 
environment, plus at least 2 of the following: 
perceptual disturbance, incoherent speech, 
insomnia or daytime drowsiness, or increased or 
decreased psychomotor activity. Exclude 
metabolic, infectious, or drug causes 

 8  Visual disturbance  Retinal changes of SLE. Include cytoid bodies, 
retinal hemorrhages, serous exudate, or 
hemorrhages in the choroid, or optic neuritis. 
Exclude hypertension, infection, or drug causes 

 8  Cranial nerve disorder  New onset of sensory or motor neuropathy 
involving cranial nerves 

 8  Lupus headache  Severe, persistent headache; may be migraine, 
but must be nonresponsive to narcotic analgesia 

 8  Cerebrovascular 
accident 

 New onset of cerebrovascular accident(s). 
Exclude arteriosclerosis 

 8  Vasculitis  Ulceration, gangrene, tender fi nger nodules, 
periungual infarction, splinter hemorrhages, or 
biopsy or angiogram proof of vasculitis 

 4  Arthritis  ≥2 joints with pain and signs of infl ammation 
(i.e., tenderness, swelling, or effusion) 

 4  Myositis  Proximal muscle aching/weakness, associated 
with elevated creatine phosphokinase/aldolase or 
electromyogram changes or a biopsy showing 
myositis 

 4  Urinary casts  Heme-granular or red blood cell casts 

 4  Hematuria  >5 red blood cells/high power fi eld. Exclude 
stone, infection, or other cause 

 4  Proteinuria  >0.5 g/24 h 

 4  Pyuria  >5 white blood cells/high power fi eld. Exclude 
infection 

 2  Rash  Infl ammatory-type rash 

 2  Alopecia  Abnormal, patchy, or diffuse loss of hair 

 2  Mucosal ulcers  Oral or nasal ulcerations 
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 The European Consensus Lupus Activity Measurement (ECLAM) was devel-
oped in 1992 through the analysis of symptoms and laboratory abnormalities 
reported in a cohort of 704 European patients affected with SLE. It comprises 15 
weighted clinical and serological descriptors. The laboratory variables are hemo-
globin, white blood cells, lymphocytes, platelets, proteinuria, urinary sediment, and 
complement levels, which are used in routine clinical practice. ECLAM has a high 
inter-rater concordance and can be retrospectively calculated [ 8 ]. 

 The Systemic Lupus Erythematosus Activity Measure (SLAM), modifi ed later 
into SLAM-R [ 8 ], is composed of 31 clinical manifestations or laboratory abnor-
malities that are usually found in SLE. Similarly to other global scores, a numerical 
value is attributed to each item based on different degrees of severity, with a total 
sum indicative of overall disease activity.  

15.4     Organ-Specific Activity Indices 

 The British Isles Lupus Assessment Group (BILAG) index was fi rst proposed in 1988 
and later revised in 2004. It includes 97 items, most of which can be assessed by physi-
cal exams; in fact, only serum creatinine, urine dipstick, and total blood cell count are 
scored, while no serologic tests are included [ 7 ]. Each item is evaluated qualitatively by 
clinical assessment or quantitatively by considering laboratory values as well. BILAG 
includes nine organs/systems, i.e., general, mucocutaneous, neurological, musculo-
skeletal, cardiovascular, respiratory, renal, hematological, and gastrointestinal. 

 Only features that are related to active lupus and that were present in the 4 weeks 
prior to evaluation should be taken into consideration. Actually, BILAG was devel-
oped on the basis of the intention-to-treat principle. Hence, each of the nine systems 

Table 15.2 (continued)

 Weight  Score  Descriptor  Defi nition 

 2  Pleurisy  Pleuritic chest pain with pleural rub or effusion, 
or pleural thickening 

 2  Pericarditis  Pericardial pain with at least 1 of the following: 
rub, effusion, or electrocardiogram or 
echocardiogram confi rmation 

 2  Low complement  Decrease in CH50, C3, or C4 below the lower 
limit of normal for testing laboratory 

 2  Increased DNA binding  Increased DNA binding by Farr assay above 
normal range for testing laboratory 

 1  Fever  >38 °C. Exclude infectious cause 

 1  Thrombocytopenia  <100,000 platelets/×10 9 /L, exclude drug causes 

 1  Leukopenia  <3,000 white blood cells/×10 9 /L, exclude drug 
causes 

  Weighted score of SLEDAI-2K has to be scored in the score column if the descriptor is present at 
the time of the visit or in the preceding 10 days  
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is scored by an alphabetic character: BILAG A stands for “Action,” BILAG B for 
“Beware,” BILAG C for “Containment,” BILAG D for “Discount,” and BILAG E 
for “no Evidence” [ 8 ]. Although it has recently been proposed, a total score obtained 
by attributing a numeric value to the alphabetic character has rarely been used. 

 It should be noted that BILAG is the only transitional index where each item has 
to be recorded as new, same, worse, or improving rather than simply present or 
absent. These features are relevant when assessing the effect of a therapeutic inter-
vention in a clinical trial. 

 BILAG is able to identify the extreme variability of SLE by assessing disease 
activity and clinical response in specifi c organs. It is reliable, sensitive to change, 
and widely used as a cutoff for entry criteria in clinical trials. Although it would 
appear to be the most complete SLE activity index, it is time consuming and quite 
complex to perform; thus, training is needed to improve the performance of the 
assessors. A software program (British Lupus Integrated Prospective System 
(BLIPS)) was created to help physicians calculate BILAG. 

 The Cutaneous Lupus Erythematosus Disease Area and Severity Index 
(CLASI) was developed in 2005 to evaluate the activity and damage of lupus 
skin manifestations. It consists of two scores: the fi rst summarizes the activity 
of skin manifestations, while the second measures disease-related skin damage. 
Activity is scored taking into account the following lesions: erythema, scales/
hyperkeratosis, mucous membrane involvement, acute hair loss, and non-scar-
ring alopecia. Damage is scored in terms of dyspigmentation and scarring, 
including scarring alopecia. The scores are calculated by a simple addition 
based on the extent of the lesions. The degree of involvement of each skin lesion 
is calculated according to the involvement of specifi c anatomic areas (i.e., malar 
area, neck, arms, etc.), scored on the basis of the worst skin lesion present within 
that area [ 9 ]. 

 The Disease Activity Score (DAS)-28 is a validated and widely used clinimetric 
measurement in clinical trials and in routine clinical practice for patients with rheu-
matoid arthritis (RA). This is a standardized disease activity index that is highly 
correlated with the physician’s and patient’s overall assessment. By using DAS28, 
we can both classify patients with RA as having low, moderate, or high disease 
activity and defi ne disease remission. Although it was only validated for patients 
with RA, DAS28 has been used for monitoring patients affected with other rheu-
matic conditions including SLE [ 10 ]. It assesses 28 joints (for swelling and tender-
ness), erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) levels, and 
the patient’s overall health.  

15.5     Evaluation of Disease Activity Over Time 

 Variations in disease activity over time are commonly recognized in SLE patients 
regardless of therapy. Unfortunately, disease activity indices measure disease activ-
ity at a single time point; thus by looking at only one measurement, we cannot have 
a comprehensive view of the variation of disease activity over time. 
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 The  Adjusted Mean SLEDAI-2K (AMS)  was recently proposed to better summarize 
SLE activity over multiple visits. AMS is equivalent to the area under the curve of the 
SLEDAI-2K over time divided by time interval [ 11 ]. AMS is determined as follows: 
“(a) calculate the area under the curve between two visits: the length of time between 
two visits multiplied by the average of the two SLEDAI-2K values; (b) add up all the 
calculated areas; and (c) divide the result by the total length of the time period. AMS 
shares the same units as SLEDAI-2K and it is interpreted in the same way.” 

 By performing a longitudinal series of disease activity measurements, three dif-
ferent patterns of SLE activity were identifi ed: relapsing remitting (RRD), clinical 
quiescent (CQD), and chronic active disease (CAD). CQD means no disease activ-
ity over time, CAD means persistent disease activity, and RRD indicates periods of 
disease activity interspersed with periods of inactive disease [ 12 ]. However, the 
frequency of disease activity patterns differs among studies as a consequence of the 
different defi nitions that are used. In our SLE cohort, we observed that every year 
50 % of patients have CQD, while the remaining 50 % retained some kind of disease 
activity, being either CAD (in most cases) or RRD. After 7 years of follow-up, only 
one-third of patients could be considered in CQD, while 65 % displayed either 
relapsing or persistent disease activity [ 12 ].  

15.6     Prognosis of Systemic Lupus Erythematosus 

 Survival of patients with SLE has improved over the past few decades [ 13 ]. Before 
1955, the 5-year survival rate in SLE was less than 50 %; nowadays, the average 10-year 
survival rate exceeds 90 %, and the 15-year survival rate is approximately 80 % [ 14 ]. 

 The main contributing factors toward improved survival were initially the avail-
ability of corticosteroids, dialysis, antibiotics, and antihypertensive agents. 
Afterward, the use of immunosuppressants and an improvement in disease classifi -
cation leading to early diagnosis and treatment, and more recently the more appro-
priate use of conventional therapies as well as the tendency to follow patients with 
SLE in specialized clinics, the so-called lupus clinics, have all resulted in increased 
survival [ 4 ,  14 – 16 ]. 

 Causes of death can be subdivided into those related to SLE itself and those 
related to disease complications. Causes related to SLE itself include active disease, 
i.e., active nephritis, CNS involvement, visceral vasculitis, and end-organ failure. 
Causes related to complications include infections, neoplasm, and atherosclerosis. 

 In 1976, Urowitz fi rst reported a bimodal mortality pattern: deaths in the fi rst few 
years of illness are typically caused by severe disease or infections due to immuno-
suppressive therapy, whereas late deaths are generally related to myocardial infarc-
tion or strokes, both attributed to accelerated atherosclerosis [ 17 ,  18 ]. Nowadays, 
deaths due to SLE have been further reduced, thanks to a more appropriate use of 
traditional treatments and to the introduction of new drugs such as mycophenolate 
mofetil, belimumab, and rituximab. However, intervening infections or cardiovas-
cular events remain the major causes of deaths in the long term, followed by an 
increased incidence of malignancies [ 19 ,  20 ]. 
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15.6.1     Prognostic Factors in SLE 

 It has been hypothesized that several specifi c factors may infl uence the prognosis of 
patients with SLE. They can be subdivided into two groups: unrelated or related to SLE.  

15.6.2     Factors Unrelated to SLE 

 Prognostic factors unrelated to SLE include race, gender, age at SLE onset, socio-
economic status, and environment. In general, whites tend to have a better outcome 
than nonwhites, with mortality rates being higher in nonwhites. Low socioeconomic 
status and poor compliance seem to negatively infl uence the survival and morbidity 
of SLE patients with lupus. The effect of gender, age at disease onset, or environ-
ment on SLE prognosis remains elusive [ 16 ].  

15.6.3     Factors Related to SLE 

 SLE-related factors include year of diagnosis, time from disease onset to diagnosis, 
disease activity and remission, SLE manifestations, disease treatment, and damage 
accrual. 

15.6.3.1    Age at Diagnosis 
 Year of diagnosis is a critical aspect in the prognosis of SLE patients since the treat-
ment has changed over the decades. For example, patients diagnosed with SLE in 
the 1950s, 1960s, and 1970s were treated more aggressively and for a longer period 
of time with corticosteroids and cyclophosphamide than patients diagnosed more 
recently.  

15.6.3.2     Lag Time Between Symptoms and Diagnosis 
 In our cohort of 487 SLE patients recruited between 1970 and 2008, the mean lag 
time between onset and diagnosis was 59 months in patients diagnosed before 1980, 
a fi gure that is similar to what was reported by Wallace in 1981 [ 21 ], 28 months in 
those diagnosed between 1980 and 1989, 15 months in those diagnosed between 
1990 and 1999, and 9 months after 2000. It is noteworthy that the difference was 
signifi cant between the fi rst and the second group, probably as a consequence of the 
introduction of antinuclear antibody (ANA) testing, and between the second and the 
third group, probably due to better knowledge of autoimmunity and autoimmune 
diseases. By contrast, the difference was not signifi cant between the third and fourth 
group, supporting the concept that from 1990 until now nothing relevant has been 
introduced which could have improved the SLE diagnostic process. Disease pro-
gression in the time that elapses between disease onset and diagnosis is one of the 
major contributors to the improvement of survival and quality of life in SLE patients 
since early diagnosis and treatment increase SLE remission rate and improve patient 
prognosis [ 1 ,  14 ,  22 ].  
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15.6.3.3     Overall Disease Activity 
 Overall disease activity at fi rst visit, at time of renal biopsy, or over time (AMS) 
proved to be an important predictor of mortality in a number of cohorts [ 23 – 26 ]. 
Moreover, Cook et al. [ 27 ] found an increase in the relative risk (RR) of mortality 
depending on the progressive increase in SLEDAI score: RR 1.28 for SLEDAI 1-5, 
RR 2.34 for SLEDAI 6-10, RR 4.74 for SLEDAI 11-19, and RR 14.11 for SLEDAI 
>20 (compared with SLEDAI = 0).  

15.6.3.4     Disease Manifestations 
 In Cook’s cohort [ 27 ], some SLEDAI descriptors were found to be risk factors for 
death, including organic brain syndrome, retinal changes, cranial nerve disorders, 
proteinuria, pleurisy, fever, thrombocytopenia, and leukopenia. Moreover, Doria 
et al. [ 14 ] pointed out that the survival curves of patients affected with mild SLE 
(i.e., skin and musculoskeletal involvement) are similar to those of patients with 
severe lupus (i.e., renal involvement and CNS lupus) but only for up to 15 years 
after diagnosis; thereafter, the survival curves of patients with severe SLE rapidly 
worsen. By contrast, patients with mild disease have a survival rate similar to their 
counterparts in the general population [ 14 ].  

15.6.3.5     Disease Remission 
 As shown by a large multicenter inception SLE cohort, disease remission and par-
ticularly early remission are predictive of better outcome in SLE patients [ 28 ]. As 
an example, renal survival is higher in patients who achieve either complete or par-
tial disease remission as compared to severely affected patients, and overall survival 
at 20 years is signifi cantly increased only in SLE patients who have complete dis-
ease remission [ 25 ,  29 ]. 

 Indeed, remission within 1 year from disease onset is associated with a signifi -
cant reduction in disease fl ares, organ damage, and overall cumulative dosage of 
corticosteroids [ 28 ], meaning a greater chance for lasting disease quiescence. 

 Unfortunately, remission in SLE is not clearly defi ned by any of the available 
disease activity scores. According to SLEDAI, remission may be defi ned as 
SLEDAI = 0, whereas SLEDAI ≥3 is considered persistent disease activity. Many 
authors have raised the question regarding what signifi cance should be given to 
serological abnormalities such as anti-dsDNA antibodies or complement levels 
in patients without clinical manifestations of lupus, the so-called serologically 
active clinical quiescent disease. Based on clinical practice, three levels of remis-
sion in SLE can be identifi ed: (a) complete remission may be defi ned as no clini-
cal or serological signs of disease activity in patients who are treatment-free; (b) 
clinical remission off corticosteroids can be defi ned as the absence of signs and 
symptoms of urinary and hematological abnormalities in patients with or without 
serological abnormalities who are corticosteroid-free; and (c) clinical remission 
on corticosteroids can be defi ned as the absence of signs and symptoms of uri-
nary and hematological abnormalities in patients with or without serological 
abnormalities who are taking low-dose corticosteroids (≤5 mg/day prednisone or 
equivalent) [ 30 ].  
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15.6.3.6     Disease Treatment 
 Improved therapeutic approaches for SLE have led to better disease control, thereby 
reducing mortality related to active disease. However, they can be responsible for 
drug-related adverse events which may affect long-term prognosis. The drugs which 
mostly seem to affect long-term prognosis are corticosteroids and immunosuppres-
sants which are able to decrease disease activity, but their prolonged use has been 
associated with increased cholesterol levels and a high frequency of cardiovascular 
events and infections [ 16 ]. On the other hand, hydroxychloroquine seems to be 
associated with lower cholesterol levels, suggesting a protective role of this drug 
against coronary artery disease [ 17 ].  

15.6.3.7     Damage Accrual 
 Damage is defi ned as irreversible tissue injury occurring after SLE diagnosis and 
lasting at least 6 months. Damage is evaluated by the SLICC (Systemic Lupus 
International Collaborating Clinics) damage index (SDI), which encompasses 12 
organ systems [ 31 ]. While disease activity tends to decline over time in patients 
with SLE, damage tends to increase. Since lupus patients nowadays live longer than 
they did a few decades ago, they tend to accumulate more damage, which is second-
ary to both active disease and long-standing treatment, especially corticosteroid 
chronic exposure [ 32 ,  33 ]. Notably, SLE patients with active disease (CAD or RRD) 
accumulate more organ damage compared to patients in remission. It has been 
shown that long-standing active SLE may drive an 8 % increased risk of organ dam-
age [ 30 ]. High AMS scores were also found to be associated with damage and car-
diovascular disease in SLE [ 34 ]. 

 Damage is one of the main determinants of poor long-term prognosis in SLE 
patients. Indeed, damage accrual can lead to more damage, which, in turn, leads to 
disability, productivity loss, and, in the most severe cases, death [ 30 ]. 
 A prospective study showed that 25 % of lupus patients with a SLICC-DI >0 at 
baseline had died at 10 years vs. only 7.3 % of patients with no damage at study 
entry; notably, renal damage and cardiovascular disease were associated with a 
higher risk of death during the follow-up [ 35 ]. In another prospective follow-up 
study, an increase in SLICC-DI ≥2 up to the third year of disease was found to 
increase the RR of mortality to 7.7 [ 36 ]; renal failure and cardiovascular disease 
were again the major predictors of death.    

15.7     Quality of Life and Loss of Productivity 

 Health-related quality of life (HRQL) in SLE patients is usually evaluated by the 
SF-36 (Medical Outcomes Study Short Form) which consists of 36 items among 8 
domains measuring diverse components of psychophysical health, i.e., physical 
function, role limitations due to emotional or physical problems, social function, 
mental health, general health perception, vitality, and pain [ 37 ]. HRQL has been 
shown to be lower in SLE patients as compared to their counterparts in the general 
population. Organ damage was associated with an overall decrease in physical, 
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social, and mental performance, and poor coping strategies [ 38 ,  39 ] and new organ 
damage were a predictor of a further decline in HRQL [ 38 ]. 

 Everyday activities and the ability to work are also affected in SLE patients [ 22 , 
 40 ,  41 ]. It has been shown that two-third of SLE patients have a decreased ability to 
perform routine activities, both at home and in the workplace, thus worsening their 
psychological and fi nancial well-being [ 42 ]. One-third of patients with SLE had an 
occupational disability with a decrease in the number of working hours per week and 
50 % of patients left their jobs within 15 years of SLE diagnosis [ 43 ]. A number of 
studies showed SLE-related damage to be associated with work disability and loss of 
productivity [ 44 – 46 ], which was particularly signifi cant in case of neuropsychiatric 
SLE or deforming arthritis [ 46 ]. Longer disease duration, fatigue, comorbidities, and 
poor mental status also negatively infl uence the patients’ productivity [ 46 ].  

    Conclusions 
 Despite their limitations, disease activity and damage indices have helped physi-
cians to better standardize the assessment and management of SLE, which has 
certainly contributed to the improvement in survival of SLE patients in the last 
decades. Unfortunately, disease mortality is still high and is mostly due to dis-
ease complications, especially in patients with active and severe disease and 
damage accrual. Moreover, the HRQL of SLE patients is still poorer than that of 
their healthy counterparts. On the other hand, some indicators of a favorable 
outcome have emerged in the last few years. Early diagnosis and treatment, close 
control of disease activity, follow-up of patients in specialized lupus clinics, and 
prolonged remission all seem to be associated with better outcome.     
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  16      Conventional Treatment of Systemic 
Lupus Erythematosus                     

       Giacomo     Quattrocchio    ,     Fernando     Fervenza     , 
and     Dario     Roccatello    

         Systemic lupus erythematosus (SLE) is a chronic, multisystem disease which may 
have a variable course and multifaceted organ involvement [ 1 ]. Each patient may 
manifest different symptoms and variable disease activity and severity, with periods 
of quiescence alternating with fl ares of activity, as well as therapy-related adverse 
effects. Moreover, SLE patients frequently have numerous comorbidities, such as 
hyperlipidemia and hypertension, which represent risk factors for accelerated ath-
erosclerosis and cardiovascular disease [ 2 ] and depression, which can seriously 
compromise health-related quality of life [ 3 ]. 

 According to an international task force of specialists and a patients’ representatives 
[ 4 ], four overarching principles should always be considered in the decision- making 
process in SLE: (I) management of SLE should be based on shared decisions between 
informed patients and their physicians; (II) treatment should be aimed at ensuring 
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long-term survival, preventing organ damage, and optimizing health- related quality of 
life by controlling disease activity and minimizing comorbidities and drug toxicity; 
(III) management of the disease requires an understanding of its many aspects and 
manifestations, which may have to be targeted in a multidisciplinary manner; and (IV) 
patients need regular, long-term monitoring and review/adjustment of therapy [ 5 ]. 

 The treatment target of SLE should be remission of systemic symptoms and organ 
manifestations or attainment of the lowest possible disease activity, measured by at 
least one validated disease activity index and/or by organ-specifi c markers [ 4 ,  6 – 10 ]. 

 Conventional management of SLE patients includes nonpharmacologic mea-
sures and pharmacological therapies and can be categorized according to organ 
involvement. 

16.1     Nonpharmacologic Measures 

  Sun protection . Ultraviolet light is a known risk factor for inducing or exacerbating 
cutaneous and systemic manifestations of SLE, and photosensitivity is highly prev-
alent in SLE patients [ 11 ]. Therefore, patients should avoid intense exposure to 
sunlight and other sources of ultraviolet light and should be instructed to always use 
sunscreen with a sun protection factor (SPF) of at least 30. They should avoid medi-
cations that can cause photosensitivity and should wear sun-protective clothing. 

  Smoking cessation . Complete cessation of smoking is a very important issue 
because smoking is associated with worse skin disease, more active systemic dis-
ease [ 12 ,  13 ], and is an additional risk factor for an already increased prevalence of 
cardiovascular disease [ 2 ]. 

  Exercise . SLE patients often complain of fatigue, with consequent inactivity and 
loss of muscle mass. Furthermore, steroid therapy can cause muscle weakness and 
bone demineralization. Thus, regular aerobic exercise should be encouraged [ 14 ]. 

  Diet . A diet including moderate protein and energy content, but rich in vitamins, 
minerals, and mono/polyunsaturated fatty acids, can promote a benefi cial protective 
effect against tissue damage and suppression of infl ammatory activity, in addition to 
helping the treatment of dyslipidemia, obesity, systemic arterial hypertension, and 
metabolic syndrome [ 15 ]. 

 Furthermore, as a consequence of reduced sun exposure, SLE patients often have 
low serum levels of 25-hydroxy vitamin D [ 16 ] that may require supplementation. 

  Immunization . Infl uenza and pneumococcal vaccines can be administered to SLE 
patients, even if their effi cacy may be decreased [ 17 ]. Likewise, human papilloma-
virus vaccine [ 18 ] and hepatitis B vaccine [ 19 ] appear to be safe in patients with 
inactive disease.  

16.2     Conventional Pharmacologic Therapies 

 Therapy for SLE must be tailored to the individual patients as multispecialty experts 
have indicated in treat-to-target in SLE recommendations [ 4 ]. 
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 The therapeutic approach is multifaceted and is usually based on the predomi-
nant disease manifestations. However, some general principles may apply to all 
patients. 

 In general, regardless of the use of other treatments, some experts believe that 
antimalarials, like chloroquine and the preferred hydroxychloroquine, should be 
considered in all SLE patients unless contraindicated [ 4 ]. Nonrandomized studies 
have suggested favorable effects on various SLE outcomes [ 20 ], such as reduction 
of fl ares, improvement of skin manifestations, prevention of damage accrual, and 
possible reduction in mortality risk [ 21 – 28 ]. Furthermore, antimalarial drugs have 
antiplatelet and antithrombotic effects; they improve lipid profi le and may have an 
osteoprotective effect. 

 Specifi c therapy is based upon clinical manifestations, organ involvement, and 
disease severity [ 4 ].  

16.3     Constitutional Symptoms 

 Fatigue and fever are common symptoms in patients with SLE and may be the result 
of multifactorial etiologies. 

 Fatigue may depend on anemia, diabetes, depression, hypothyroidism, or fi bro-
myalgia. These conditions should be investigated and treated if they are present. 
Low-dose glucocorticoids and antimalarials could be of some benefi t [ 29 ]. 

 Fever may be secondary to an underlying infection in patients treated with immu-
nosuppressive therapy. If it is associated with disease activity, it usually responds to 
NSAIDs, acetaminophen, and low-moderate doses of steroids.  

16.4     Management of Cutaneous Manifestations 

 The skin is frequently involved in clinical manifestations of SLE, and up to 
80 % of patients have some type of cutaneous involvement in the course of their 
disease. 

 Cutaneous lupus erythematosus (CLE) may present in a variety of clinical forms. 
The three recognized subtypes of cutaneous LE are acute cutaneous LE (ACLE), 
subacute cutaneous LE (SCLE), and chronic cutaneous LE (CCLE) [ 30 ]:
   ACLE may be either localized (most often as a malar or “butterfl y” rash) or general-

ized. Multisystem involvement as a component of SLE is common, with promi-
nent musculoskeletal symptoms.  

  SCLE is highly photosensitive, with predominant distribution on the upper back, 
shoulders, neck, and anterior chest. SCLE is frequently associated with positive 
anti-Ro antibodies and may be triggered by a variety of medications.  

  Classic discoid LE is the most common form of CCLE, with indurated scaly plaques 
on the scalp, face, and ears and characteristic scarring and pigmentary change. 
Less common forms of CCLE include hyperkeratotic LE, lupus tumidus, lupus 
profundus, and chilblain lupus. Common cutaneous diseases associated with, but 
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not specifi c for LE, include vasculitis, livedo reticularis, alopecia, digital 
 manifestations such as periungual telangiectasia and Raynaud phenomenon, 
photosensitivity, and bullous lesions.    

 The goal of treatment of the various forms of cutaneous lupus is to prevent long- 
term skin sequelae, such as telangiectasia, hyperpigmentation or hypopigmentation, 
alopecia, and scarring [ 31 ]. 

 Treatment initially includes preventive (e.g., photoprotective) strategies and topi-
cal therapies (corticosteroids and calcineurin inhibitors). For skin disease that can-
not be controlled by these interventions, oral antimalarial agents (most commonly 
hydroxychloroquine) are often benefi cial. Additional systemic conventional thera-
pies include corticosteroids, immunosuppressive, immunomodulatory, and various 
other drugs [ 30 ]. 

  Prevention . Preventive measures are able to prevent skin lesions in most patients 
who must thus avoid sun exposure during peak daylight hours as well as medica-
tions that may cause photosensitivity [ 32 ]. Sunscreens that block both ultraviolet-A 
and ultraviolet-B radiation, with an SPF of at least 30 (according to some authors 
>55), should be used regularly, applying them 30–60 min prior to exposure and then 
every 4–6 h. Furthermore, patients should be instructed to wear sun-protective 
clothing and to quit smoking since it is associated with active cutaneous manifesta-
tions of SLE and decreased effectiveness of antimalarial agents [ 33 ]. 

  Topical therapy . The initial treatment of cutaneous lupus is based on topical 
glucocorticoids, starting with a low potency agent such as hydrocortisone for early 
superfi cial involvement and escalating to more potent, fl uorinated corticosteroids 
for thicker lesions. Ointments are generally considered more effective than creams, 
and lotions are frequently used for scalp lesions [ 34 ]. 

 In case of facial lesions, fl uorinated topical corticosteroids should be used for no 
more than 2 weeks in order to avoid skin atrophy or other side effects. 

 Tacrolimus ointment and pimecrolimus cream may be used in resistant lesions 
[ 35 – 37 ], but recently, an increased risk of skin cancer has been reported. Some 
authors recommend topical retinoids [ 31 ,  38 ], but their effi cacy and safety have not 
been verifi ed. 

 Pulse dye laser has demonstrated effectiveness in treating acute fl ares of lupus 
tumidus [ 39 ]. 

  Antimalarial drugs . Patients who are unresponsive to topical or intralesional 
therapy should be treated with an antimalarial. These agents are effective due to a 
number of mechanisms including photoprotection, lysosomal stabilization, infl u-
ence on apoptosis, inhibitory effect on Toll-like receptor-mediated activation of the 
innate immune response and inhibition of antigen presentation, prostaglandin syn-
thesis, lipid peroxidation, and proinfl ammatory cytokine synthesis [ 40 ]. 

 The agent of choice is hydroxychloroquine [ 41 ,  42 ], given at 200–400 mg per 
day, without exceeding 6.5 mg/kg per day. Hydroxychloroquine may be more effec-
tive at higher blood concentrations, so some authors suggest monitoring blood drug 
concentration [ 43 ]. Potential side effects include severe retinopathy (preliminary 
and then regular ophthalmologic examination are necessary), gastrointestinal upset, 
headache, and rashes. 

G. Quattrocchio et al.



217

 Chloroquine (250–500 mg/day) or quinacrine (50–100 mg/day) are more potent 
agents that can be used in patients who are unresponsive to hydroxychloroquine. 
Quinacrine has a much lower risk of retinal toxicity and can be effectively associ-
ated with both chloroquine and hydroxychloroquine [ 23 ,  42 ]. Improvement with 
antimalarials may require 6–12 weeks to be seen. They have been associated with 
fl ares of psoriasis and should not be given to individuals with G6PD defi ciency. 

 Long-term use of antimalarials may result in yellow skin and nails (quinacrine) 
which fl uoresce under Wood’s light, or hyperpigmentation. 

  Immunosuppressive and other agents . Patients with refractory, severe cutaneous 
SLE may be treated with a variety of other drugs, such as systemic glucocorticoids, 
methotrexate, azathioprine (AZA), cyclosporine, cyclophosphamide (CYC), chlo-
rambucil, and mycophenolate mofetil (MMF) [ 44 ]. 

 Some results have been obtained with dapsone, thalidomide, lenalidomide, gold, reti-
noids, intravenous immunoglobulin, diphenylhydantoin, clofazimine, sulfasalazine, 
interferon alpha, cefuroxime, danazol, and extracorporeal photophoresis [ 30 ,  44 – 48 ].  

16.5     Management of Musculoskeletal Manifestations 

 Articular involvement is extremely common in patients with SLE. Initial therapy is 
based on nonsteroidal anti-infl ammatory drugs (NSAIDs), acetaminophen, or both, 
which are generally effective for relieving minor symptoms. The most severe 
adverse effects associated with NSAIDs include renal and hepatic impairment, gas-
trointestinal discomfort, bleeding, cardiovascular risk, and aseptic meningitis. 
Naproxen might have greater relative cardiovascular safety than other NSAIDs. 
NSAIDs with high selectivity for cyclooxygenase-2 (COX-2), such as celecoxib, 
are recommended by experts to reduce adverse effects, whereas those with less 
selectivity, such as piroxicam and ketorolac, should be avoided [ 47 ]. 

 In non-responders, antimalarials like hydroxychloroquine 200–400 mg per day 
are usually added to NSAIDs [ 20 ,  47 ,  49 ]. In acute phases of disease, low doses of 
glucocorticoids, such as prednisone 5–10 mg/day, may sometimes be necessary for 
a short period of time. 

 Methotrexate, an antifolate agent with anti-infl ammatory effects, leads to signifi -
cant reductions in SLEDAI scores and allows reduction of steroid doses [ 47 ,  50 ]. 

 Azathioprine, a purine analog that inhibits nucleic acid synthesis with activity on 
both cellular and humoral immunity, or mycophenolate mofetil, a reversible inhibi-
tor of the enzyme inosine monophosphate dehydrogenase with antiproliferative 
effects toward activated B and T cells, are effective options in cases of methotrexate 
intolerance or refractory disease [ 47 ,  51 ].  

16.6     Management of Neuropsychiatric Manifestations 

 Nervous system involvement can manifest in 20–70 % of patients prior to the diag-
nosis of SLE or during the course of the disease [ 52 ]. Patients may present a wide 
range of neurological and psychiatric features, which are classifi ed using the ACR 
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case defi nitions for 19 neuropsychiatric syndromes, of which cognitive dysfunction, 
mood disorder, headache, and peripheral neuropathy are the most common [ 53 ,  54 ]. 
Nervous system involvement is common in both children and adults with SLE and 
is associated with worse prognosis and more cumulative damage. Neuropsychiatric 
lupus (NPSLE) can occur in the absence of either serologic activity or other sys-
temic disease manifestations [ 54 ]. The pathogenic etiologies of NPSLE manifesta-
tions are likely to be multifactorial and may involve autoantibody production, 
microangiopathy, intrathecal production of proinfl ammatory cytokines, and prema-
ture atherosclerosis [ 55 ]. Approximately one-third of all neuropsychiatric syn-
dromes in patients with SLE are primary manifestations of SLE-related 
autoimmunity. Anticardiolipin autoantibodies are the most common autoantibodies 
in NSPLE patients and correlate with cognitive impairment, depression, psychosis, 
chorea, and migraine [ 56 ,  57 ]. 

 Diagnosis of NPSLE requires the exclusion of secondary causes, such as infec-
tions, metabolic derangements, hypertension, and drug toxicity [ 58 ]. Clinical 
assessment steers the selection of appropriate investigations, which include mea-
surement of autoantibodies, analysis of cerebrospinal fl uid, electrophysiological 
studies, neuropsychological assessment, and neuroimaging to evaluate brain struc-
ture and functional syndromes [ 54 ,  59 ]. 

 The general management of patients with NPSLE includes symptomatic and 
immunosuppressive therapies, but evidence of the effi cacy of the most commonly 
used treatment modalities is largely limited to uncontrolled clinical trials and anec-
dotal experience [ 60 ]. Antimalarial agents, such as hydroxychloroquine 200–
400 mg daily, can be used as maintenance therapy to prevent disease fl ares. 
Furthermore, they may improve fatigue and possibly cognitive dysfunction and 
could lead to a reduction in prednisone dose [ 47 ,  49 ]. Treatments usually focus on 
the specifi c neuropsychiatric symptoms rather than on treating the underlying SLE 
[ 47 ]. The key to treatment is to fi rst establish the correct diagnosis on the basis of 
ACR case defi nitions [ 61 ]. Moreover, for many NPSLE syndromes, symptomatic 
treatment, such as anticonvulsants, antidepressants, and antipsychotics, may be 
needed in addition to immunomodulatory therapy [ 47 ,  62 ]. 

 Although the prognosis is variable, studies suggest a more favorable outcome for 
primary NPSLE manifestations compared to neuropsychiatric events attributable to 
non-SLE causes [ 54 ,  59 ]. 

 Specifi c therapy depends upon the nature of the underlying process (infl amma-
tory or thrombotic). In some cases, differentiation between these processes may not 
be feasible and in some patients both mechanisms may be operant. When NPSLE is 
believed to refl ect an infl ammatory/neurotoxic process (especially aseptic meningi-
tis, optic neuritis, transverse myelitis, peripheral neuropathy, refractory seizures, 
psychosis, acute confusional state), and in the presence of generalized lupus activ-
ity, management includes glucocorticoids alone. If no improvement is observed, 
immunosuppressants, such as azathioprine or cyclophosphamide, or rituximab 
(anti-CD20 monoclonal antibody) should be added [ 62 – 65 ]. 

 In severe, life-threatening NPSLE, high-dose glucocorticoids, mycophenolate 
mofetil, plasmapheresis, and intravenous immunoglobulins can be used [ 66 – 68 ]. 

 Antiplatelet and/or anticoagulation therapy is recommended for NPSLE related 
to antiphospholipid antibodies, especially for thrombotic cerebrovascular 
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disease [ 4 ]. Anticoagulation may be superior to antiplatelet therapy for the second-
ary prevention of arterial events in antiphospholipid antibody syndrome (APS) 
[ 69 – 72 ]. Antiplatelet/anticoagulation therapy has also been used in antiphospholipid- 
associated ischemic optic neuropathy and chorea, as well as in myelopathy refrac-
tory to immunosuppressive therapy [ 73 – 75 ]. In severe cases, rituximab has showed 
benefi cial effects [ 57 ]. Data from cohort studies [ 76 – 78 ], but not from a randomized 
controlled trial [ 79 ], support the potential benefi t of antiplatelet agents in the pri-
mary prevention of cerebrovascular disease (and other thrombotic events) in SLE 
patients with persistently positive, moderate-to-high titers of antiphospholipid 
antibodies. 

 Patients with peripheral neuropathies (10–15 %) should be treated with glucocor-
ticoids alone (prednisone 1–2 mg/kg/day) or – in severe cases – associated with 
immunosuppressive therapy such as cyclophosphamide 1.5–2 mg/kg/day orally, or 
intermittent monthly intravenous doses of 600–750 mg/m 2  [ 64 ]. Immunoglobulins 
and plasma exchange have been used in refractory cases [ 47 ,  80 – 82 ]. Administering 
gabapentin (initial dose of 100 mg three times daily), pregabalin (initial dose of 75 mg 
twice a day), a low-dose of tricyclic antidepressant such as amitriptyline (initial dose 
of 25 mg/day), or carbamazepine has resulted in long-term benefi ts in patients with 
pain or intolerable paresthesia and an abnormal nerve conduction test [ 83 ].  

16.7     Management of Renal Manifestations 

 Kidney involvement is a common complication of SLE and increases both morbid-
ity and mortality in SLE patients, mainly in African-Americans [ 84 – 86 ]. Up to 
70 % of patients with SLE develop lupus nephritis during the fi rst 10 years of dis-
ease, and its prevalence is substantially higher in African-American and Hispanic 
individuals than in Caucasians [ 47 ,  87 – 89 ]. Lupus nephritis (LN) is defi ned accord-
ing to the ACR classifi cation criteria by two characteristics: urinary protein >0.5 g 
per day or >3+ by dipstick analysis, or a urinary protein-to-creatinine ratio of >0.5, 
and active urinary sediment (>5 red blood cells per high-power fi eld, >5 white blood 
cells per high-power fi eld in the absence of infection, or the presence of red or white 
blood cell casts) [ 90 ]. 

 Early recognition and treatment of renal involvement are strongly recommended, 
and, as is the case for other organ manifestations, each patient should be evaluated 
for antimalarial administration [ 4 ]. Renal biopsy plays a critical role in the diagno-
sis, treatment, management, and follow-up of LN; thus, routine biopsy has been 
advocated by some nephrologists in SLE patients with any signs of kidney disease 
[ 91 ]. However, some authors feel that the role of renal biopsy in predicting out-
come, treatment, and prognosis is controversial [ 92 ]. 

 The original World Health Organization (WHO) classifi cation of LN that was 
introduced in 1974 has more recently evolved into the 2003 International Society of 
Nephrology (ISN)/Renal Pathology Society (RPS) classifi cation [ 93 ], which recog-
nizes six classes of lupus nephritis. The histological fi ndings provide the basis for 
the treatment recommendations for LN. Kidney Disease: Improving Global 
Outcomes (KDIGO), American College of Rheumatology (ACR), and European 
League Against Rheumatism and European Renal Association-European Dialysis 
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and Transplant Association (EULAR/ERA-EDTA) have developed specifi c treat-
ment guidelines, which can sometimes present little differences [ 90 ,  94 ,  95 ]. 
Generally speaking:

•    Class I LN patients, as well as class II LN patients with proteinuria <1 g/day, 
only require treatment as dictated by the extrarenal clinical manifestations of 
lupus.  

•   Class II LN patients with proteinuria >3 g/day require a RAS-blocking agent and 
an antimalarial agent. Glucocorticoids (prednisone 1 mg/kg/day) or a calcineurin 
inhibitor should be considered.  

•   Class III (focal) LN, class IV (diffuse) LN patients as well as class V (membra-
nous) LN patients with severe nephrotic syndrome, elevated serum creatinine 
levels, and/or associated proliferative disease should receive initial combined 
steroid and immunosuppressive (induction) treatment, aimed at inducing remis-
sion by controlling immunologic activity, and a subsequent longer period of less 
intensive (maintenance) treatment to consolidate remission and prevent relapses 
[ 4 ,  47 ,  90 ,  94 ,  95 ].  

•   Class V (membranous) LN with normal kidney function and non-nephrotic- 
range proteinuria should be treated with antiproteinuric and antihypertensive 
medications. These subjects should receive corticosteroids and immunosuppres-
sives if dictated by the extrarenal manifestations of systemic lupus [ 94 ].  

•   Class VI (advanced sclerosis) LN should be treated with corticosteroids and 
immunosuppressives only as dictated by the extrarenal manifestations of sys-
temic lupus [ 94 ].    

  Induction therapy . Glucocorticoids rapidly reduce infl ammation and modulate 
the innate and adaptive immune systems, resulting in an amelioration of SLE- 
related manifestations of LN [ 96 ]. The dose of glucocorticoid treatment depends on 
the severity of the disease. High doses of oral prednisone (1.0–1.5 mg/kg) and/or 
intravenous methylprednisolone (1 g or 15 mg/kg) for three consecutive days (pulse 
therapy) are used to treat severe disease. 

 Immunosuppressive induction treatment could consist of either intravenous/oral 
cyclophosphamide or mycophenolate mofetil [ 94 ]. The choice between intravenous 
cyclophosphamide and oral MMF depends upon the clinical features (MMF may be 
preferable in African-Americans and Hispanics) and upon patient preference (e.g., 
a young woman may want to avoid the potential ovarian toxicity of 
cyclophosphamide). 

 Cyclophosphamide is an alkylating and cytotoxic agent that cross-links DNA 
and DNA-associated proteins and thereby inhibits DNA replication, leading to cell 
death. It exerts its cytotoxic effect on both resting and dividing lymphocytes; how-
ever, the precise mechanisms through which it provides therapeutic benefi ts in auto-
immune diseases are not well established. The fi rst dosing regimen was the NIH 
protocol, which involves intravenous infusion of cyclophosphamide (0.5–1.0 g/m2 
body surface area) once a month for 6 months and then once every 3 months for an 
additional 2 years [ 97 ,  98 ]. In another protocol, known as the Euro-Lupus regimen, 
cyclophosphamide is given intravenously at a dose of 500 mg every 2 weeks for 
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3 months, followed by azathioprine 2 mg/kg/day for at least 2 years [ 99 ]. A com-
parison between “mini-pulse” cyclophosphamide (the Euro-Lupus regimen) and the 
conventional NIH regimen showed no difference in effi cacy in terms of mortality, 
renal function, or overall SLE damage score after 10 years of follow-up [ 100 ]. Oral 
cyclophosphamide 1.0–1.5 mg/kg/day (maximum dose of 150 mg/day) for 
2–4 months has been used as an alternative to i.v. cyclophosphamide with equiva-
lent effi cacy in prospective observational studies [ 101 ,  102 ]. 

 The main adverse effects of cyclophosphamide treatment include severe infec-
tions, alopecia, malignancies (lymphomas and bladder carcinoma), and infertility 
[ 103 ]. Intravenous infusions of 2-mercaptoethanesulphonate sodium (mesna) can 
be given to decrease the risk of bladder damage that occurs with i.v. cyclophospha-
mide treatment [ 104 ]. In addition, treatment with gonadotropin-releasing hormone 
might protect against premature ovarian failure during cyclophosphamide treatment 
[ 105 ]. Finally, prophylactic treatment to prevent Pneumocystis pneumonia should 
be considered. 

 MMF, a reversible inhibitor of the inosine monophosphate dehydrogenase 
enzyme with antiproliferative effects toward activated B and T cells, is an alterna-
tive to cyclophosphamide as the initial therapy for proliferative LN. The Aspreva 
Lupus Management Study (ALMS) compared 24-weeks induction therapy with 
daily glucocorticoids associated with either oral MMF (target dosage 3 g/day) or 
monthly intravenous cyclophosphamide (0.75 g/m 2  fi rst dose, followed by fi ve infu-
sions of 0.5–1 g/m 2 ) in 370 patients with class III, IV, and V LN [ 106 ]. No differ-
ences were found in either primary (a prespecifi ed decrease in urine protein/
creatinine ratio and stabilization or improvement in serum creatinine) or secondary 
end points (complete renal remission, systemic disease activity and damage, and 
safety). In a post hoc analysis, however, MMF therapy was associated with a signifi -
cantly higher response rate in African-American and Hispanic patients (60 versus 
39 %, odds ratio 2.4, 95 % CI 1.1–5.4) [ 107 ]. In a meta-analysis and a Cochrane 
review, which included 45 trials involving 2,559 patients, there were no signifi cant 
differences between cyclophosphamide- and MMF-based induction therapy with 
respect to mortality, incidence of ESRD, and relapse during induction [ 108 ,  109 ]. 

 Azathioprine is an alternative therapeutic option [ 94 ]: an RCT involving 
European subjects compared initial therapy with azathioprine (2 mg/kg/day for 
2 years) combined with i.v. methylprednisolone (1 × 3 pulses of 1,000 mg repeated 
after 2 and 6 weeks) followed by oral prednisone, to i.v. cyclophosphamide (750 mg/
m 2 , 13 pulses over 2 years) with oral prednisone [ 110 ]. After 2 years, there was no 
difference in response rate, though there were fewer adverse effects in subjects 
receiving azathioprine. However, supplementary studies on these cohorts showed a 
higher late-relapse rate and higher risk of doubling of SCr after azathioprine. 
Furthermore, there was more chronicity on later biopsies after azathioprine [ 111 ]. 

 Cyclosporine has been used in a small ( n  = 40), open-label RCT, in comparison to 
cyclophosphamide as initial therapy combined with corticosteroids for proliferative 
LN [ 94 ,  112 ]. Cyclosporine (4–5 mg/kg/day) was used for 9 months and then tapered 
over the next 9 months. Cyclophosphamide was used in a different regimen than in 
most published trials: eight i.v. pulses (10 mg/kg) were given in the fi rst 9 months, 
followed by four to fi ve oral pulses (10 mg/kg) over the next 9 months. There were no 
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differences in response or remission at 9 or 18 months, or in relapse rate after 
40 months of follow-up. Infections and leukopenia did not differ between the groups. 

 Tacrolimus and steroids with or without MMF have been reported as a possible 
alternative to i.v. cyclophosphamide and steroids as induction therapy for active LN 
in studies on Chinese patients [ 113 – 115 ]. These regimens could be used in patients 
who cannot tolerate either cyclophosphamide or MMF, or in those with associated 
proliferative and membranous LN. 

 Plasmapheresis has not shown effi cacy in patients with LN [ 116 ], although some 
benefi t has been suggested in observational studies in selected patients [ 117 ]. 

 Intravenous immunoglobulin (most commonly 400 mg/kg/day for four to fi ve 
daily doses) administration has immunomodulatory properties and could be a rea-
sonable option in patients who are refractory to initial induction therapy or have a 
concomitant infection [ 118 ,  119 ]. 

  Maintenance therapy . Up to 50 % of patients have proliferative LN relapse fol-
lowing reduction in or cessation of immunosuppressive therapy [ 120 ]. Relapse rates 
range from 5 to 15 per 100 patient-years, with an average of about 8 per 100 patient- 
years for the fi rst 5 years of follow-up [ 121 ]. Relapse is more common when partial 
rather than complete remission is obtained with induction treatment. After induction 
therapy, at least 3 years of immunosuppressive maintenance treatment is recom-
mended to consolidate remission and prevent relapses [ 4 ,  122 ,  123 ]. Treatment 
options include glucocorticoids and the following immunosuppressive agents: 
cyclophosphamide, azathioprine, and mycophenolate mofetil. However, these drugs 
show considerable toxicity and are not effective in all patients [ 124 ]. 

 KDIGO and ACR guidelines recommend MMF or azathioprine maintenance for 
LN patients who respond to standard induction therapy [ 90 ,  94 ]. 

 Two recent randomized trials of maintenance therapy in lupus nephritis com-
pared AZA (2 mg/kg/day) with MMF (2 g/day) for 3 years [ 125 ,  126 ]. In the ALMS 
maintenance trial, after induction therapy with 24 months of either high-dose “NIH 
protocol” intravenous cyclophosphamide or MMF, immunosuppressors were asso-
ciated with up to 10 mg/day of prednisone at the discretion of the investigator, and 
only patients who had undergone successful induction therapy were enrolled [ 125 ]. 
In the MAINTAIN trial, after receiving the Euro-Lupus induction regimen (500 mg 
of intravenous cyclophosphamide every 2 weeks for 3 months), and regardless of 
response, patients with at least 0.5 g/day of proteinuria were included and were 
administered corticosteroids on a defi ned taper [ 126 ]. Despite the differences, both 
trials demonstrate that maintenance therapy with either MMF or AZA is overall 
well tolerated and leads to excellent results at 3–4 years of follow-up in the majority 
of patients. Both agents yielded extremely low rates of creatinine doubling, end- 
stage renal disease, and death. The ALMS trial suggests that MMF may be more 
effective and better tolerated than AZA, especially in higher-risk minority patients. 
So, for now, clinicians should feel confi dent when using either of these agents for 
the maintenance treatment of lupus nephritis [ 127 ]. 

 In patients who are MMF or AZA intolerant, calcineurin inhibitors with low- 
dose corticosteroids [ 128 ,  129 ] or cyclophosphamide [ 130 ] can be used. 

  Relapsing and resistant lupus nephritis . LN is a relapsing condition, and relapses 
are associated with the development of chronic kidney disease [ 131 ]. Furthermore, 
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pathologic fi ndings in LN may change with a relapse, and such changes cannot be 
clinically predicted with certainty. 

 A relapse of LN after complete or partial remission should be treated with the 
same initial therapy followed by the maintenance therapy that was effective in 
inducing the original remission [ 94 ]. 

 A repeat kidney biopsy during relapse should be considered if there is a suspi-
cion that the histological class of LN has changed, or if there is uncertainty about 
whether increasing creatinine and/or worsening proteinuria represents disease activ-
ity or chronicity [ 94 ]. 

 Patients who have failed more than one of the recommended initial regimens 
may be considered for treatment with rituximab [ 94 ,  132 – 134 ], intravenous immu-
noglobulins [ 94 ,  118 ,  119 ,  135 ], or calcineurin inhibitors [ 94 ,  136 – 138 ]. 

 As regard to rituximab, an original regimen, initially employed as a rescue ther-
apy in refractory LN, has been recently proposed in order to minimize the long-term 
effects of both corticosteroids and the immunosuppressive agents used for remis-
sion maintenance. It was based on an intensifi ed B-lymphocyte depletion consisting 
of four weekly doses of rituximab (375 mg/m 2 ) followed by two more doses after 1 
and 2 months, associated with two IV administrations of 10 mg/kg of cyclophos-
phamide and three pulses of methylprednisolone (15 mg/kg) followed by oral pred-
nisone (0.8 mg/die, rapidly tapered to 5 mg/day in 10 weeks) without further 
immunosuppressive maintenance therapy [ 132 ].  

16.8     Management of Cardiac Manifestations 

 Cardiac involvement is common among SLE patients and can frequently be recog-
nized by echocardiography and other noninvasive tests. It is usually mild and may 
manifest as pericardial disease, myocardial dysfunction, valvular lesions, and coro-
nary artery disease [ 139 – 141 ]. 

 Pericarditis is the most common cardiac abnormality and can be life threaten-
ing. Pericardial effusion occurs in about 50 % of patients during the course of the 
disease and is frequently observed when SLE is clinically active [ 142 ]. NSAIDs 
and moderate to high doses of corticosteroids (0.5–1 mg/kg/day of prednisone in 
divided doses) with/without hydroxychloroquine are often effective, but more 
aggressive immunosuppressive therapy (azathioprine, mycophenolate, or metho-
trexate) is required for severe or refractory cases [ 47 ,  49 ,  57 ]. Colchicine may be 
considered for patients who do not respond to NSAIDs or glucocorticoids or who 
have a relapsing course. Pericardial tamponade is rare and is most often associated 
with low C4 levels at presentation; it should be treated with high-dose corticoste-
roids. The prognosis of lupus pericarditis is generally good and relapse or progres-
sion to fi brotic disease is uncommon, but some patients may require a pericardial 
window [ 143 ]. 

 Myocarditis is uncommon and often asymptomatic with a prevalence of 
about 10 % in SLE patients. It is more frequently observed in African-Americans 
and in patients with active disease [ 144 ]. It may manifest as resting tachycardia, 
ST- and T-wave abnormalities, or ventricular hypokinesis. Alternative causes of 
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myocarditis, such as uremia and drug toxicity (cyclophosphamide, antimalarials, 
phenothiazines), should be ruled out, if necessary by myocardial biopsy [ 145 ]. 
Patients with severe myocarditis may respond to high-dose intravenous glucocorti-
coids (methylprednisolone 1000 mg for 3 days), followed by subsequent oral pred-
nisone, sometimes combined with immunosuppressors [ 49 ,  146 ]. The effi cacy of 
intravenous immunoglobulins has been reported [ 147 ]. 

 Valvular lesions, often involving the mitral valve, may range from small nodules 
to verrucous Libman-Sacks endocarditis [ 148 ]. The prevalence is about 10 % of 
SLE patients. Heart valve disease is better detected by transesophageal echocar-
diography and is often associated with antiphospholipid antibodies [ 148 – 150 ]. 
Infective endocarditis must always be ruled out in patients who often undergo 
immunosuppressive therapy. Glucocorticoids and cytotoxic treatment appear to be 
of no use. Anticoagulants or antiplatelet agents can be considered for patients with 
signifi cant vegetations or associated antiphospholipid syndrome and must be pre-
scribed in case of thromboembolic events. 

 Coronary artery disease has an increased prevalence and an accelerated course 
in SLE patients compared to the general population [ 151 ]. The pathogenesis is 
likely multifactorial and is related to traditional risk factors (hypertension, hyper-
lipidemia, diabetes), systemic infl ammation, and steroid therapy [ 152 ]. A healthy 
lifestyle (not smoking, regular physical activity) and adequate blood pressure and 
glycemic control should be pursued, like in the general population. The lowest 
possible glucocorticoid dosage needed to control the disease should be adminis-
tered in an effort to possibly discontinue use altogether [ 4 ]. Antimalarials should 
be considered for their multifaceted, favorable effects on coagulation and lipid 
profi le [ 4 ,  20 ,  26 ,  40 ]. Statins may be benefi cial due to their pleiotropic action 
[ 153 ,  154 ].  

16.9     Management of Pulmonary Manifestations 

 Pulmonary involvement is observed in up to 50 % of SLE patients during their dis-
ease course [ 155 ]. Clinical manifestations include pleuritis, infl ammatory and 
fi brotic forms of interstitial lung disease, alveolar hemorrhage, shrinking lung syn-
drome (SLS), pulmonary hypertension (PH), airway disease, and thromboembolic 
disease. 

 Infl ammation of the pleura may manifest with or without effusion and it usually 
responds to NSAIDS. In resistant serositis, moderate- to high-dose glucocorticoids 
(prednisone 0.5–1 mg/kg/day) and/or hydroxychloroquine is usually effective [ 47 , 
 57 ,  155 ,  156 ]. Immunosuppressive treatment, like oral cyclophosphamide, is rarely 
necessary. 

 Interstitial lung disease has been described in about 9 % of SLE patients. It may 
manifest with cough, dyspnea, and decreased exercise tolerance, and it is recog-
nized by pulmonary function tests and high-resolution CT scanning [ 155 ,  156 ]. 
Treatment of severe infl ammatory forms includes high-dose glucocorticosteroids 
associated with intravenous cyclophosphamide, followed by either azathioprine or 
mycophenolate mofetil; alternative therapies are calcineurin inhibitors, intravenous 
immunoglobulins, or rituximab [ 49 ,  157 ]. 
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 Pulmonary hemorrhage is a rare, life-threatening complication in SLE [ 158 ,  159 ] 
that needs to be distinguished from infection, pulmonary embolism, and vasculitis, 
in some cases by lung biopsy when necessary. It has a very high mortality rate and 
should be treated with high-dose intravenous glucocorticoids combined with cyclo-
phosphamide [ 155 ,  160 ]. In some cases, effi cacy of plasmapheresis has been 
reported [ 161 ]. 

 Shrinking lung syndrome is a rare respiratory complication associated with SLE, 
whose pathogenesis remain controversial. Patients present dyspnea alone or associ-
ated with chest pain and orthopnea, lung volume reduction with no parenchymal 
abnormalities, and a restrictive ventilatory defect on pulmonary function tests [ 162 ]. 
Treatment of SLS includes theophylline, an increase in corticosteroid dosage, and 
intensifi cation of immunosuppressive medication with either methotrexate or cyclo-
phosphamide [ 163 ]. 

 Pulmonary hypertension is a rare manifestation in SLE that can occur at any time 
during the course of the disease. It has a multifactorial pathogenesis (thromboembo-
lism, pulmonary vasculitis, hypoxia, and fi brosis from interstitial lung disease) and 
can be independent of lupus disease activity in other systems. Echocardiograms are 
a screening tool but may yield false positives, and right heart catheterization must 
be performed to confi rm the diagnosis. Early identifi cation is important and can 
alter the natural history of this dangerous complication of lupus [ 164 ,  165 ]. PH may 
benefi t from systemic glucocorticoids associated with intravenous cyclophospha-
mide [ 166 ], as well as endothelin receptor antagonists, phosphodiesterase type 5 
inhibitors, and prostanoids [ 167 ]. 

 Upper airways and bronchial involvement in SLE may be treated with glucocor-
ticoids and immunosuppressors as with other respiratory lesions [ 168 ]. 

 Finally, pulmonary thromboembolic disease is a manifestation of antiphosholipid 
syndrome (APS), which is discussed in detail separately.  

16.10     Management of Gastrointestinal Manifestations 

 Gastrointestinal symptoms in SLE patients occur in about 50 % of patients and are 
usually mild. More than half of the symptoms are caused by adverse reactions to 
medications and viral or bacterial infections. SLE can involve the entire GI tract and 
the liver. The most common SLE-related gastroenteropathies are lupus enteritis, 
protein-losing enteropathy (PLE), intestinal pseudo-obstruction, pancreatitis, peri-
tonitis, and liver dysfunction [ 169 ,  170 ]. 

 Lupus enteritis due to mesenteric vasculitis is a life-threatening disorder that 
may be complicated by infarction and bowel perforation. It may respond to high- 
dose intravenous pulse steroids associated with immunosuppressive agents [ 171 ]. 

 Lupus protein-losing enteropathy is characterized by diarrhea, edema, and hypo-
albuminemia. A diagnosis can be made using 99m Tc-labeled albumin scintigraphy. 
Glucocorticoids are the mainstay of treatment, but immunosuppressive therapy may 
be required [ 172 ]. 

 Intestinal pseudo-obstruction is a rare syndrome described in recent decades that 
is characterized by ineffective propulsion of the intestine without an apparent 
mechanical cause. It preferentially involves the small rather than the large bowel, 
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and it is usually observed with active lupus serology. Management of this disorder 
should include immunomodulators, mainly corticosteroids and cyclophosphamide, 
prokinetics, and parenteral nutrition when required. Intravenous immunoglobulins 
may be a good alternative [ 173 ]. 

 Pancreatitis occurs in about 5 % of patients and may result from vasculitis or 
thrombosis, as well as from some drugs (including steroids and immunosuppres-
sors). It generally responds to intravenous fl uids, restriction of oral intake, and ces-
sation of the implicated drugs. Therapy with glucocorticoids and azathioprine may 
be associated with reduced mortality [ 174 ]. In severe cases, plasmapheresis and 
intravenous immunoglobulins may be helpful [ 170 ]. 

 Acute and chronic ascites due to lupus peritonitis is extremely rare and may be 
treated with prednisone and antimalarials [ 175 ]. 

 Liver test abnormalities have been described in up to 60 % of patients at some 
point during the course of their disease. Prior treatment with potentially hepatotoxic 
drugs, or viral hepatitis, may be the cause of liver disease in SLE patients. However, 
in rare cases, elevated liver enzymes may be due to concurrent autoimmune hepati-
tis (AIH). Remission of acute hepatitis was achieved in all cases after starting 
immunosuppressive therapy [ 176 ].  

16.11     Management of Hematologic Manifestations 

 Hematologic abnormalities are common fi ndings in patients with SLE and can be a 
sign of disease activity as well as an effect of immunosuppressive treatment or 
infections [ 177 ]. 

 The main hematological manifestations of SLE are leukopenia, thrombocytope-
nia, anemia, and the antiphospholipid syndrome. The fi rst three items are included 
in the Systemic Lupus International Collaborating Clinics (SLICC) classifi cation 
Criteria [ 178 ]. 

 Leukopenia is common in SLE and usually refl ects disease activity. 
 Neutropenia may be due to increased peripheral destruction of granulocytes, 

changes in marginal and splenic pool, or increased margination and decreased mar-
row production. Mild neutropenia requires no specifi c therapy. Patients with severe 
neutropenia with opportunistic infections or at the risk of such infection can be suc-
cessfully treated with G-CSF [ 179 ]. 

 Lymphopenia is observed in about 50 % of patients. Specifi c therapy is not indi-
cated, but the presence and degree of lymphopenia may be related to disease activ-
ity. Severely low lymphocyte count may predispose patients to opportunistic 
infections such that prophylactic therapy should be considered, especially in patients 
on immunosuppressive therapy [ 177 ]. 

 Thrombocytopenia is usually due to increased peripheral destruction commonly 
mediated by antiplatelet antibodies. Many patients can be watched without specifi c 
therapy. Glucocorticoids are the mainstay of therapy for treating acute conditions. 
Either danazol or hydroxychloroquine can be added to glucocorticoid therapy, fol-
lowed by slow tapering of the glucocorticoids [ 180 ]. If these therapies are not effec-
tive, an attempt with additional immunosuppressive therapy may be warranted in 
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the form of cyclophosphamide [ 181 ]. Very low-dose cyclosporin or vincristine can 
also be considered [ 177 ]. For emergent treatment of thrombocytopenia, both high- 
dose glucocorticoid and IVIG have proven to be effective and can be used together 
[ 182 ]. Apheresis should be considered in patients with thrombocytopenia and life- 
threatening bleeding that does not respond to other therapies [ 183 ]. Recent data 
show that rituximab is an effective therapy in patients with refractory thrombocyto-
penia [ 184 ]. Splenectomy should be kept as a last resort in patients with SLE [ 185 ]. 
Finally, there are newer treatments for immune thrombocytopenia (ITP) such as 
eltrombopag that perhaps may be used in SLE [ 186 ]. 

 Patients with SLE may also develop an autoimmune hemolytic anemia. Its clinical 
presentation varies from mild to severe anemia and may be associated with other 
autoimmune manifestations. Glucocorticoids (prednisone 1 mg/kg/day) are used as 
fi rst-line therapy. Patients who are refractory to conventional therapy should be treated 
with immunosuppressive drugs, danazol or rituximab [ 187 – 190 ]. Plasmapheresis and 
intravenous immunoglobulins may be effective in some cases [ 191 ,  192 ]. 

 Antiphospholipid syndrome complicates 10–15 % of cases of SLE and is char-
acterized by recurrent venous or arterial thrombosis or pregnancy morbidity and 
persistent antiphospholipid antibodies. Therapeutic approach is based on the use of 
antiplatelet and anticoagulant agents, and in some cases, good results are reported 
with rituximab. APS is discussed in detail separately.  

16.12     Pediatric SLE 

 SLE onset occurs during childhood in approximately 15 % of patients with SLE. The 
treatment of pediatric SLE follows the same guidelines as the treatment of adult 
patients. The aim of effective disease management with early immunosuppression 
is to achieve symptomatic resolution and improvement of the quality of life by 
maintaining sustained remission and thereby preventing tissue damage in young as 
well as in adult patients. However, in the management of children and adolescents, 
clinicians must consider problems related to physical growth, bone health, psycho-
logical development, appearance, and fertility. A multidisciplinary approach includ-
ing instructing the family is therefore warranted [ 193 ]. 

  Key Points and Practical Recommendations 
•     SLE is a multifaceted disease that can affect several organs.  
•   SLE manifestations should be managed in a multidisciplinary manner.  
•   Treatment must be tailored according to the clinical presentation, and a shared 

decision must be made with the informed patient.  
•   The goals of treatment are remission of systemic symptoms and organ manifesta-

tions and prevention of fl ares and of damage accrual.  
•   Antimalarials should be considered in virtually all patients.  
•   If glucocorticoid administration cannot be discontinued, the dosage should be 

the lowest possible while still allowing disease control.  
•   Table  16.1  shows the main drugs that are used for SLE treatment and their main 

indications, dosage, and warning.
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  17      Innovative Therapies in Systemic 
Lupus Erythematosus                     

       Roberta     Fenoglio     ,     Fernando     Fervenza     , 
and     Dario     Roccatello    

         Systemic lupus erythematosus (SLE) is a particularly challenging disease to study due 
to the broad spectrum of clinical manifestations and varying patterns of disease activity. 
The existing standard of care for SLE depends primarily on disease severity and has 
been in place for over 60 years. NSAIDS (aspirin, ibuprofen, and diclofenac) and anti-
malarials (hydroxychloroquine) are used in mild forms of the disease. Corticosteroids 
are vital in moderate to severe disease with additional immunosuppressives, such as 
mycophenolate mofetil (MMF), azathioprine (AZT), cyclophosphamide (CYC), and 
cyclosporine, being effective in severe cases of SLE. The effi cacy of current SLE medi-
cations has been questioned by treatment-related adverse side effects secondary to cor-
ticosteroid use and untargeted immunosuppression and by the increasing number of 
patients (pts) with refractory disease. Over the last decades, there have been signifi cant 
advances in the understanding of the immunopathology of SLE. A variety of novel ther-
apeutic targets have been identifi ed and there have been many studies in patients with 
SLE in an attempt to translate these new treatments into clinical practice [ 1 ] (Table  17.1 ).
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   Table 17.1    Summary of trials in SLE immunotherapies   

 Molecular target  Drug name  Mechanism of action  Trials 

  Targeting cell surface receptors: B-cell inhibition or depletion  

 Anti-CD20  Rituximab  B-cell lysis or apoptosis  Phase II/III 
EXPLORER and 
LUNAR trials 

 Ocrelizumab  B-cell lysis  Phase III BELONG and 
BEGIN trials 

 Anti-CD22  Epratuzumab  B-cell apoptosis  Phase IIb EMBLEM 
trial 

  Targeting soluble mediators to inhibit B-cell growth and function  

 Anti-Blys, BCMA, 
TACI 

 Belimumab  Blys inhibition blocks 
soluble Blys 

 Phase III BLISS 52 and 
BLISS 76 

 Blisibimod  Blys inhibition blocks 
soluble Blys 

 Phase II PEARL 

 Tabalumab  Blys inhibition blocks 
membrane-bound and 
soluble Blys 

 Phase III 
NCT01196091 trial 

 Atacicept  Inhibition of B-cell 
activation 

 Phase II/III 
APRIL-SLE a  

  Co-stimulatory modulation  

 CD28/CTLA4 
co-ligands 

 Abatacept  Blockade of the 
co-stimulatory 
interaction between T 
and B cells 

 Phase III trial 

 CD40-CD40L  Anti-CD40L Ab  Blockade of B-cell 
maturation and function 

 IDEC-131 trial 

 BG9588 trial 

  Anti-cytokine therapy  

 Anti-IL-6 R  Tocilizumab  Inhibition of IL-6 
receptor 

 Phase I trial 

 Anti-IL6  Sirukumab  Attenuation of the 
biological activity of 
IL-6 

 Phase I trial 

 Phase II 
NCT01273389 trial in 
LN a  

 Anti-IL-10  Anti-IL-10 
(B-N10) 

 Attenuation of the 
biological activity of 
IL-10 

 Pilot trial 

 Anti-IFN-α  Sifalimumab  Inhibition of type I 
IFN-induced mRNAs 

 Phase I trial 

 NCT01283139 trial a  

 Rontalizumab  Inhibition of type I 
IFN-induced mRNAs 

 Phase II ROSE study, 
randomized trial 

  Targeting Fcγ receptor IIB  

 FcγRIIB  Anti-FcγRIIB 
(SM101) 

 Interaction with the 
response to immune 
complexes 

 Phase II trial a  

R. Fenoglio et al.



241

   Biological therapy has proven to be effective in infl ammatory diseases such as 
rheumatoid arthritis, multiple sclerosis, and infl ammatory bowel disease but its  
effi cacy in SLE is still controversial [ 2 ]. Conventional therapies including cortico-
steroids, azathioprine, hydroxychloroquine, cyclophosphamide, and MMF have 
been utilized for the treatment of SLE. However, it has been estimated that more 
than 50 % of pts affected by SLE have suboptimal disease control: while 40 % of 
them have chronic active disease, the remaining 10 % suffer from relapsing-remit-
ting disease with frequent exacerbations [ 3 ]. This situation requires frequent 
changes of therapy and, in particular, increased steroid dosage [ 4 ]. High- dose cor-
ticosteroids have signifi cantly deleterious effects that may contribute to the devel-
opment of damage and, hence, long-term morbidity and premature mortality [ 5 ]. 
Consequently, there is a need for developing new and innovative treatment options 
to help improve prognosis and reduce the burden of iatrogenic morbidity. 

17.1     Targets of Therapy 

 Disturbances of T- and B-cell functions are involved in autoimmune diseases. In 
particular, B lymphocytes play a pivotal role in the pathogenesis of autoimmune 
diseases. The main alteration of the immune system in SLE is the production of a 
large number of autoantibodies directed against antigens that are present in all cells. 
B cells also contribute to immune dysregulation by presenting antigens, regulating 
T-cell functions, and producing cytokines (IL-4, IL-6, IL-10) and chemokines that 
affect other cells of the immune system [ 6 ]. 

 T cells have important regulatory and effector functions, both of which are 
abnormal in pts with SLE. Elevated levels of some cytokines, chemokines, and/or 
growth factors made by monocytes, macrophages, and endothelial cells also drive 
lupus disease activity and organ damage [ 2 ]. These include interleukin (IL)-10, 
IL-12, IL-6, and MCP-1, tumor necrosis factor (TNF) alpha, INF-α, INF-γ, and 
B-cell-activating factor (BAFF)/B-lymphocyte stimulator (BLyS) [ 7 ]. Appropriate 
targets for therapeutic modulation include T/B-lymphocyte signaling, inhibition 
of T-cell activation and B-cell activation and/or maturation, TNF-alpha inhibition, 
and antibodies to IFN, ILs, and anti-CD40L and CTLA4Ig (Fig.  17.1 ).

Table 17.1 (continued)

 Molecular target  Drug name  Mechanism of action  Trials 

  Anti-TWEAK  

 Anti-TWEAK  BIIB023  Inhibition of renal cell 
proliferation and 
apoptosis, vascular 
changes, and fi brosis 

 Phase I trial 

 NCT0149935 a  

   a Trial ongoing  
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17.2        Targeting Cell Surface Receptors: B-Cell 
Inhibition or Depletion 

 B cells are involved in the pathogenesis of SLE and are therefore a potential thera-
peutic target. Current biological drugs are directed toward three main targets that 
are present on B lymphocytes [ 8 ]: (1) CD20, an activated-glycosylated phosphopro-
tein expressed on the surface of all B cells starting from the pro-B phase (CD45R+, 
CD117+) and progressively increasing in concentration until maturity. In humans, 
CD20 is encoded by the MS4A1 gene. This gene encodes a member of the 
membrane- spanning 4A gene family. Members of this nascent protein family are 
characterized by common structural features and similar intron/exon splice bound-
aries and display unique expression patterns within hematopoietic cells and non-
lymphoid tissues. This gene encodes a B-lymphocyte surface molecule that plays a 
role in the development and differentiation of B cells into plasma cells. Alternative 
splicing of this gene results in two transcript variants that encode the same protein. 
The protein has no known natural ligand and its function is to enable optimal B-cell 
immune response, specifi cally against T-independent antigens. It acts as a calcium 
channel in the cell membrane. The drugs targeting CD20 are: rituximab, ocreli-
zumab, atumumab [ 9 ]. (2) CD22, a molecule belonging to the SIGLEC family of 
lectins. It is found on the surface of mature B cells and to a lesser extent on some 
immature B cells. CD22 is a sugar binding transmembrane protein which specifi -
cally binds sialic acid with an immunoglobulin (Ig) domain located at its N-terminus. 
The presence of Ig domains makes CD22 a member of the immunoglobulin super-
family. CD22 works as an inhibitory receptor for B-cell receptor (BCR) signaling. 
The drug targeting CD22 currently under evaluation is epratuzumab [ 10 ]. (3) BR3 
(BlyS- receptor), B-cell maturation antigen (BCMA) and transmembrane activator 
and calcium modulator and cyclophilin ligand interactor (TACI). B-cell activating 
factor, also known as tumor necrosis factor ligand superfamily member 13B, is a 
protein that in humans is encoded by the TNFSF13B gene. BAFF, also known as 
BlyS, is expressed in B-cell lineage cells and acts as a potent B-cell activator. It has 
also been shown to play an important role in the proliferation and differentiation of 
B cells. BAFF is expressed as a membrane-bound type II transmembrane protein on 
various cell types including monocytes and bone marrow stromal cells. The trans-
membrane form can be cleaved from the membrane, thus generating a soluble pro-
tein fragment. BAFF steady-state concentrations depend on B cells and also on the 
expression of BAFF-binding receptors. BAFF is the natural ligand of three unusual 
tumor necrosis factor receptors named BAFF-R (BR3), TACI, and BCMA, all of 
which have differing binding affi nities for it. These receptors are expressed mainly 
on mature B lymphocytes and their expression varies depending on B-cell matura-
tion. TACI binds less effective than BR3 since its affi nity is higher for a protein 
similar to BAFF, called a proliferation-inducing ligand (APRIL). BCMA displays 
an intermediate binding phenotype and will work with either BAFF or APRIL to 
varying degrees. Signaling through BAFF-R and BCMA stimulates B lymphocytes 
to undergo proliferation and to counter apoptosis. The drugs targeting BR3, BMCA 
and TACI currently available or under investigation are belimumab, atacicept [ 11 ]. 
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17.2.1     Rituximab (Anti-CD20 )  

 Rituximab (RTX) is a chimeric monoclonal antibody against CD20, an antigen 
expressed on B cells; it was used for the fi rst time in 1997 to treat non-Hodgkin lym-
phomas [ 12 ]. In 2006, it was approved for the treatment of rheumatoid arthritis (RA), 
in combination with methotrexate for pts who were non-responsive to treatment with 
anti-TNF agents. The fi rst report of the use of RTX in SLE was in 2002; since then it 
has been effectively used off-label in a number of pts with autoimmune diseases. 
RTX acts via antibody-dependent, cell-mediated cytotoxicity and complement- 
dependent cytotoxicity and apoptosis to effectively deplete B cells for 6–9 months in 
over 80 % of pts [ 13 ]. Re-population of B cells, which typically occurs 6–9 months 
after RTX administration, predominantly involves a subset of naïve or antigenically 
inexperienced transitional B cells similar to what occurs after bone marrow trans-
plantation [ 14 ]. The removal of memory B cells by RTX and the reconstitution of a 
population of naïve transitional cells assign a strong role to this biological agent in 
the treatment of SLE [ 15 ]. Early case reports followed by case series suggested some 
benefi t in the treatment of SLE [ 16 ]. Two randomized double- blind, placebo-con-
trolled trials (EXPLORER and LUNAR) were designed to objectively assess the 
effi cacy and safety of RTX. However, despite expectations, neither trial achieved the 
primary goal [ 17 ]. The EXPLORER trial recruited 257 pts with moderate to severe 
SLE who met four of the American College of Rheumatology (ACR) criteria for SLE 
including testing positive for antinuclear antibodies, active disease at screening, and 
stable use of one immunosuppressive drug at entry which was continued during the 
study (methotrexate, azathioprine, or MMF). Pts received intravenous placebo or 
RTX 1 gr on days 1,15,168, and 182. Major clinical response was 15.9 versus 12.4 % 
and partial clinical response was 12.5 versus 17.2 % for the placebo and RTX groups, 
respectively. The RTX group showed a signifi cant improvement in anti- dsDNA and 
complement levels. The main fl aws in this trial were study design and pt background. 
For instance, concomitant use of corticosteroids and immunosuppressants may have 
masked the benefi ts of RTX. The total follow-up duration was only 52 weeks. 
Furthermore, most of the open-label trial studies were conducted in pts with very 
active disease who failed conventional therapy, whereas pts in the EXPLORER trial 
may have had less active disease. A post hoc analysis of this trial suggested that RTX 
reduced the risk of severe fl ares and lowered mean severe fl are rates [ 18 ]. 

 The LUNAR trial was performed in pts with active proliferative lupus nephritis 
(LN) (class III or IV and urine protein to creatinine ratio >1). The trial compared 
RTX therapy (1 gr on days 1, 15, 168, and 182 days) versus placebo when added to 
a background of steroids and MMF. A total of 144 pts were randomized to receive 
treatment or placebo. At week 52 there were no differences in the RTX arm versus 
the standard of therapy, although there were more responders in the RTX group 
(57 % vs 46 % in the placebo group). Improvement in anti-dsDNA and complement 
levels was more marked in RTX- treated pts. Like the EXPLORER trial, African 
Americans showed a trend of better response compared to Caucasians [ 19 ]. 
However, when the data was evaluated at 78-weeks follow-up, there were signifi -
cant differences in favor of RTX regarding the proportion of pts who achieved pro-
teinuric remission or required additional immunosuppression [ 20 ]. 
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 Despite the failure of the randomized controlled trials to achieve their primary 
endpoint, many clinicians continue to use rituximab in daily practice, based on their 
personal experience, the long-term outcome data in the LUNAR trial, and large case 
series showing success in patients with refractory disease. A review [ 12 ] published 
in 2009 evaluated the clinical effi cacy of RTX in 188 pts with refractory SLE 
included in 35 studies. Clinical response was reported in 91 % of the RTX-treated 
pts. The most common indication was LN, followed by articular, mucocutaneous, 
and hematological disease. RTX was used in conjunction with glucocorticoids in all 
pts, and 22 % of them were treated with intravenous pulse methylprednisolone and 
cyclophosphamide. Another systematic review summarized 26 published reports 
(300 pts) regarding the effi cacy of RTX in refractory LN [ 21 ]. A European registry 
study [ 22 ] evaluated 164 pts with LN treated with RTX, glucocorticoids, and cyclo-
phosphamide or MMF. At 1 year, complete and partial clinical response was 
observed in 30 % and 37 % of the pts, respectively. A higher response rate was 
found in pts with class III or mixed types of LN compared to class IV or pure class 
V lupus nephritis. Similarly, Hickman et al. documented the clinical and immuno-
logical responses of 15 heterogeneous pts who received RTX for drug refractory 
SLE. This study showed that repeated courses of RTX appear safe and effective in 
inducing prolonged remission in pts with severe, refractory lupus disease allowing 
a signifi cant reduction of corticosteroids [ 23 ]. In another study, 54 patients with 
active LN received three methylprednisolone pulses followed by oral prednisone 
and RTX 1 g at days 3 and 18 (17 patients) or MMF 2–2.5 g/day (17 patients) or six 
CYC pulses (0.5 g every fortnight) (20 patients). At 4 months MMF, AZA or cyclo-
sporine was associated to prednisone as a consolidation/maintenance therapy in all 
groups. At 12 months, complete remission was present in 70.6 % of patients on 
RTX, in 52.9 % on MMF, and in 65 % on CYC. Partial remission was reached in 
29.4 % on RTX, 41.2 % on MMF, and 25 % on CYC [ 24 ]. 

 The RING study (RTX for Lupus Nephritis with Remission as a Goal, 
NCT01673295), an ongoing trial led by Houssiau and colleagues, is aiming to eval-
uate the addition of rituximab in patients who have had 6 months of standard of care 
but failed to achieve a complete remission. This trial will formally assess whether 
rituximab is effective in refractory LN. 

 An alternative way of using rituximab, that has been defi ned “instead of” drug 
rather than an “add-on,” opted to omit oral steroids. A single-center observational 
cohort study was performed on 50 consecutive patients with biopsy-proven LN, not 
on oral steroids and who were treated with methylprednisolone (500 mg) and ritux-
imab (1 g) on days 1 and 15 and followed by MMF as maintenance and no oral 
steroids [ 25 ]. Fifty-two percent of patients achieved complete renal remission at 
1 year; there were few extrarenal fl ares; and of the 45 patients who stayed on the 
regimen, only 2 required longer than 2 weeks of oral steroids over a median follow-
 up of 163 weeks. This work is now being taken forward in a large, open-labeled, 
randomized, controlled, multicenter trial (the RITUXILUP trial, NCT01773636 at 
  www.clinicaltrials.gov    ). It is designed as a non-inferiority trial to demonstrate that 
the RITUXILUP regimen is not inferior in inducing CR at 1 year compared to stan-
dard of care with methylprednisolone, MMF, and tapering oral steroids. The esti-
mated completion date is 2018. 
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 A different approach to minimize the long-term effects not only of corticoste-
roids but also of the immunosuppressive drugs used for remission maintenance was 
based on the use of a regimen of intensifi ed B-lymphocyte depletion (IBLD). It 
consisted of rituximab 375 mg/sm on days 1, 8, 15, and 22 and 2 more doses after 1 
and 2 months, associated with 2 IV administrations of 10 mg/kg of cyclophospha-
mide and three infusions of methylprednisolone (15 mg/kg) followed by oral pred-
nisone (0.8 mg/die, rapidly tapered to 5 mg/day in 10 weeks). No further 
immunosuppressive maintenance therapy has been given. This regimen has been 
initially employed as a rescue therapy in refractory LN [ 26 ]. 

 Presently, in a 4-year observation period, 12 SLE pts with multiorgan involve-
ment including class IV or III/V (ISN/RPS) glomerulonephritis have been treated. 
IBLD obtained a complete depletion of CD20+ BL for 12–18 months. Patients had 
been followed up for 49 months. Signifi cant decreases were found in the levels of 
ESR, anti-dsDNA antibodies, and proteinuria. C4 values signifi cantly increased. 
Three patients relapsed after 36, 41, and 72 months, respectively, and all achieved 
complete remission after retreatment. These data suggest a promising role of RTX 
protocols of “intensifi ed induction therapy” in selected patients for whom avoiding 
immunosuppressive maintenance therapy is particularly appealing [ 27 ].  

17.2.2     Adverse Effects of RTX Therapy 

 In the EXPLORER study [ 18 ], the rates of adverse effects (AEs) or severe adverse 
effects (SAEs) were similar between the RTX and placebo groups of pts. Infusion 
reactions (starting from the third infusion) and neutropenia were more common in 
RTX users. The rates of severe infections were not signifi cantly higher in RTX- 
treated pts. Although the LUNAR study [ 19 ] reported similar SAE and AE rates in 
the rituximab and placebo groups, neutropenia, leukopenia, hypotension, infusion- 
related reactions, herpes zoster, and opportunistic infections occurred more fre-
quently in RTX-treated pts. Data from the French registry [ 28 ] revealed that 13 % 
of SLE pts developed infusion-related reactions to the drug that were severe in 12 % 
and with delayed onset in 29 %. Serum sickness-like reactions occurred in 4 % of 
pts and severe infections were observed in 9 % of pts. Data from rheumatoid arthri-
tis registries reported an association between repeated infusion of RTX and hypo-
gammaglobulinemia [ 29 ]. Since pts with SLE are usually more immunocompromised 
than RA pts, RTX-induced hypogammaglobulinemia may be a serious concern [ 23 ] 
Progressive multifocal leukoencephalopathy (PML) is a rare, progressive and typi-
cally fatal demyelinating disease of the central nervous system caused by the JC 
virus. The literature reports 50 cases of PML in rheumatic diseases. Because of the 
high frequency in SLE, PML should be suspected in any patient who presents with 
new-onset neurological symptoms [ 30 ].  

17.2.3     Ocrelizumab (Anti-CD20) 

 Another anti-CD20 monoclonal antibody, ocrelizumab, was studied in LN, with a 
background of MMF or EUROLUPUS regimen, but the trial (BELONG study) was 
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discontinued early due to an imbalance in the rate of SAEs in pts treated with ocreli-
zumab and MMF [ 2 ]. In a subgroup analysis, there was a greater treatment effect of 
ocrelizumab when combined with the EUROLUPUS regimen [ 31 ]. It has not been 
studied further.  

17.2.4     Epratuzumab (Anti-CD22) 

 Epratuzumab is a humanized monoclonal antibody targeting CD22, a transmem-
brane protein expressed on mature B cells that infl uences their migration and acti-
vation [ 32 ]. Epratuzumab is able to reduce CD22 while minimizes B-cell 
destruction and impact on the immune system. Indeed, epratuzumab eliminates up 
to 45 % of circulating B cells while rituximab eliminates >90 % of B cells. 
Epratuzumab has shown therapeutic potential in SLE presumably by modulating 
the proliferation and traffi cking of activated B cells [ 33 ]. Rossi et al. showed that 
the mechanism of action of epratuzumab on B cells is twofold: one via binding to 
CD22, which also occurs with F(ab)2, and the other via engagement of FcγR-
bearing effector cells. It also induces a marked decrease of CD22 (>80 %), CD19 
(>50 %), CD21 (>50 %), and CD79b (>30 %), on the B-cell surface in peripheral 
blood mononuclear cells obtained from normal controls or SLE patients. The other 
mechanism of action of epratuzumab is trogocytosis which is Fc dependent and 
causes the transfer of epratuzumab opsonized B cells to FcγR-expressing mono-
cytes, natural killer cells, and granulocytes. Epratuzumab also induces moderate 
antibody-dependent cellular cytotoxicity without complement-dependent cytotox-
icity and this may explain the absence of infusion-related reactions in humans. The 
pronounced and persistent loss of CD22 on B cells by epratuzumab-mediated 
internalization and trogocytosis is expected to make B cells less active and less 
viable, and the accompanying decrease of CD19 could further enhance this effect 
[ 34 ]. Nearly all of the published studies on epratuzumab as an additive to the tra-
ditional treatment in moderate to severe SLE patients reported an improvement in 
disease activity after the fi rst cycle of therapy. The benefi ts were persistent in pts 
who were maintained on regular epratuzumab administration every 12 weeks, as in 
the SL0006 trial [ 35 ]. The fi rst trial involving SLE patients was carried out by 
Dorner et al. in 2006 [ 32 ]. It was a phase II, open-label, single-center study. All pts 
received 360 mg/m 2  epratuzumab intravenously every 2 weeks for a total of four 
doses in the absence of additional corticosteroid or immunosuppressive therapies. 
Both outcome and safety profi le were good. A total of 14 pts with moderate disease 
activity were enrolled in this study. Results were suffi ciently promising to support 
further drug development. ALLEVIATE 1 and ALLEVIATE 2 were two random-
ized, double-blind, controlled trials assessing the effi cacy of epratuzumab (360 mg/
m 2  or 720 mg/m 2  or placebo) in addition to standard of care therapies in severe SLE 
pts assessed by BILAG scores [ 36 ]. Total BILAG scores were lower in both epratu-
zumab arms versus placebo at week 48. The treatment also allowed for a reduction 
in steroid use, suggesting a signifi cant clinical benefi t. A follow-up study noted 
that pts in the treatment arm maintained both amelioration of the disease and 
improved health-related quality of life scores over approximately 4 years [ 37 ]. 
Thus, these encouraging results led to the development of the EMBODY 1 trial, a 
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large ongoing-phase III, double- blind randomized placebo-controlled trial to fur-
ther evaluate the long-term effi cacy of epratuzumab [ 38 ].   

17.3     Targeting Soluble Mediators to Inhibit B-Cell 
Growth and Function 

 The BAFF axis comprises two ligands (BAFF and APRIL) and three receptors 
(BCMA, TACI, BR3) [ 39 ]. BAFF is a vital B-cell survival factor and over- 
expression of BAFF in both mice and humans is associated with SLE. The anti-
BAFF monoclonal antibody (mAb), belimumab, was recently approved for the 
treatment of adult SLE pts, and additional BAFF antagonists (blisibimod, 
tabalumab, atacicept, bribacept) are presently being evaluated in SLE pts in phase 
III trials [ 40 ]. 

17.3.1     Belimumab 

 Belimumab is a human immunoglobulin (Ig)-G1λ monoclonal antibody which 
blocks the binding of the soluble form of the cytokine BLyS, also known as B-cell 
activating factor, to the TACI receptor, BCMA receptor, and BAFF receptor 3 
(BR3) on B cells and thus interrupts the B-cell survival role of BLyS [ 41 ]. As a 
result, it has been deduced that the inhibition of BAFF/BLyS by belimumab has 
therapeutic implications in SLE. In 2011, belimumab was licensed as an add-on 
biological agent to standard therapy for pts with SLE, excluding those with active 
LN and CNS involvement. Belimumab is administered on a weight-based dosing 
schedule, i.e., 10 mg/kg, as an hour-long intravenous infusion fortnightly for three 
infusions and then monthly thereafter. Two phase III trials – BLISS-52 and 
BLISS-76 – demonstrated that a signifi cantly greater proportion of pts responded 
to belimumab plus standard SLE therapy than to placebo plus standard therapy 
[ 42 ,  43 ]. The studies included 865 and 826 pts, respectively. In each of these tri-
als, pts were randomized to receive 10 mg/kg belimumab, 1 mg/kg belimumab, or 
placebo. Pts were given the drug intravenously on days 0, 14, and 28 and then 
every 28 days thereafter for the duration of the study. The primary effi cacy end-
point was the composite responder index (SRI) at week 52: belimumab achieved 
signifi cantly better results than placebo in both studies. In addition, the drug sig-
nifi cantly delayed time to disease fl are and led to a signifi cant reduction in steroid 
dosage. 

 The BLISS trials were not designed to specifi cally assess the effects of belim-
umab on renal parameters. Pts with severe active lupus nephritis were excluded 
from these studies, including those with proteinuria (Pto) >6 g/24 h or serum cre-
atinine (Crs) >2.5 mg/dl and those who required dialysis or high doses of predni-
sone within 90 days of study initiation. A post hoc pooled analysis was conducted 
to derive information about the potential effect of belimumab on renal parameters 
and in pts who were receiving MMF therapy at baseline. More pts receiving 
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belimumab with renal involvement at baseline showed renal improvement at week 
52 than controls [ 44 ]. Data from this pooled analysis suggest that belimumab may 
provide additional benefi ts to pts receiving MMF therapy with baseline SELENA-
SLEDAI renal involvement, including an improvement of renal biomarkers, and 
that it may be useful in pts who have shown improvement with standard therapy, 
including MMF, but continue to have some degree of renal abnormality. The limi-
tations of this analysis include the small number of pts and the post hoc nature of 
this analysis. 

 Pts treated with belimumab have increased susceptibility to infection, the most 
common being pharyngitis, bronchitis, cystitis, and viral gastroenteritis. In clinical 
trials, severe infections have been reported in 6 % of belimumab-treated pts as com-
pared to 5.2 % in placebo controls [ 41 ]. The susceptibility to infection after belim-
umab treatment may be a consequence of alterations in the signaling pathways 
involving BAFF/BLys and the TACI receptor. TACI plays a complex role in host 
immunity involving the activation of B cells and T-cell-independent immune regu-
lation [ 45 ]. It has been postulated that the post-belimumab low BAFF/BLys levels 
result in a reduction in TACI signaling, lowering host immunity against pathogens 
such as polysaccharide-encapsulated bacteria. 

 A recent Italian study [ 4 ] evaluated the effi cacy and safety in the real-life experi-
ence of a single center after the fi rst year of licensed use in Italy. The study group 
was made up of 18 SLE pts with active disease despite standard therapy; they 
received belimumab (10 mg/kg) in addition to their current treatment. The authors 
noticed a signifi cant reduction in SLEDAI scores after 3 months of treatment, fol-
lowed by a signifi cant decrease in steroid intake after 9 months of treatment, thus 
suggesting that the effects of belimumab can be seen over time for disease activity 
control and steroid sparing at different time points. Changes in serology were not 
found possibly due to the fact that nearly half the pts had low titers of anti-dsDNA 
and/or slightly reduced complement at the start of the treatment. Long- term follow-
up is needed to evaluate the true effects of the drug in terms of clinical stabilization, 
improvement of laboratory parameters, lack of chronic damage accrual, and stable 
reduction of steroid intake. 

 Taken together, these results highlight the effi cacy and tolerability of belimumab 
as a novel biologic for the treatment of SLE. It would be useful to investigate the 
effi cacy of this drug in specifi c subpopulations in future trials. Additionally, com-
paring belimumab to current therapies would also be useful to determine how best 
to prescribe the treatment (induction and maintenance [ 46 ]), in order to determine 
which pts are most likely to benefi t from this therapy.  

17.3.2     Blisibimod 

 Blisibimod is a fusion protein consisting of four BAFF-binding domains fused to 
the N-terminus of the fragment crystallizable region (Fc) of a human antibody. 
A recent phase II clinical trial (PEARL-SC) [ 47 ] showed that high-dose blisibimod 
(200 mg once weekly) produced signifi cantly higher responder rates compared to 
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placebo in patients with a ≥8 point reduction in SLEDAI. Similarly, patients with 
severe SLE at baseline (SLEDAI ≥10 and on corticosteroid treatment) showed even 
greater benefi ts, with 41.7 % of responders achieving a ≥8 SLEDAI point decrease 
in the high-dose blisibimod group compared to placebo. These results were associ-
ated with a signifi cant decrease in anti-ds DNA and an increase in C3/C4 in the 
blisibimod arm compared to placebo – which was still sustained after 6 months. On 
the basis of this trial, the effi cacy and tolerability of blisibimod administration (one 
subcutaneous injection weekly for 1 year) together with standard of care therapies 
as compared to placebo are being assessed in patients with highly active and refrac-
tory SLE [ 48 ].  

17.3.3     Tabalumab 

 Tabalumab is a human IgG4 monoclonal antibody targeting membrane-bound and 
soluble BAFF. A phase III, multicenter, randomized, double-blind, placebo- controlled 
study to evaluate the effi cacy and safety of subcutaneous tabalumab in SLE pts was 
expected to be completed in May 2015. In addition to standard of care therapy pts 
with active SLE are randomized to receive high dose (120 mg subcutaneous injection 
every fortnight for 1 year), low dose (alternating placebo and tabalumab 120 mg sub-
cutaneous injection every fortnight for 1 year), or placebo [ 1 ].  

17.3.4     Atacicept (TACI-Ig Fusion Protein) 

 Atacicept is a recombinant fusion protein containing both human IgG and the extra-
cellular section of the B-cell surface receptor TACI. Thus, it is able to inhibit activa-
tion of the TACI receptor by both APRIL and BLyS. A landmark study [ 49 ] in a 
murine lupus model established that low (20 μg) and high (100 μg) TACI-Ig infu-
sions in SLE mice resulted in a signifi cant attenuation of proteinuria in a dose- 
dependent manner. Similarly, atacicept resulted in signifi cantly lower mortality 
rates with 100 % survival among mice in the high-dose treatment arm compared to 
only 47 % survival in the control arm. A previous phase I, randomized, placebo- 
controlled double-blind trial showed that atacicept resulted in a 45–60 % attenua-
tion in mature B cells as well as signifi cant dose-dependent decreases in autoantibody 
levels compared to placebo [ 50 ]. There were no signifi cant differences in the num-
ber and severity of adverse events between intervention and placebo arms of the 
trial. The results from murine studies and this phase I trial are now been followed by 
a phase II/III study (APRIL-SLE) testing the effi cacy of TACI-Ig compared to pla-
cebo in ameliorating disease severity in SLE [ 48 ].  

17.3.5     Briobacept (BR3-Fc) 

 Briobacept is a protein containing both IgG and the ligand-binding section of the 
BAFF-R that inhibits BLyS and thus induces B-cell apoptosis. In a SLE mice model, 
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Kayagaki et al. demonstrated that three weekly infusion of 100 μg briobacept for 
5 weeks was effective at inhibiting dsDNA autoantibody formation [ 51 ]. Mice treated 
with briobacept had 100 % survival at about 6 months posttreatment compared to 40 % 
survival among the control mice. Furthermore, briobacept signifi cantly ameliorated 
nephritis, and at 40 weeks none of the mice had signifi cant proteinuria. These promis-
ing results warrant further investigation in randomized human SLE studies [ 52 ].   

17.4     Blockade of T-Cell Co-stimulation 

17.4.1     Abatacept (CTLA-4Ig Fusion Protein) 

 Blockade of the co-stimulatory interactions between T and B cells can induce 
immunological tolerance. The most well-characterized T-lymphocyte co- 
stimulatory ligand is CD28, a glycoprotein which interacts with the co-stimulatory 
receptors B7-1 (CD80) and B7-2 (CD86). CTLA4 (cytotoxic T-lymphocyte anti-
gen) is expressed on activated T cells and interacts with B7 with higher affi nity 
than CD28 resulting in a negative feedback mechanism that inhibits T-cell activa-
tion [ 1 ]. Abatacept is a fusion protein composed of the Fc region of the immuno-
globulin IgG1 fused to the extracellular domain of CTLA-4. It binds to the CD80 
and CD86 molecule preventing T-cell activation. Abatacept has demonstrated effi -
cacy in both rheumatoid arthritis and psoriatic arthritis, and earlier studies have 
presented evidence of effi cacy in SLE. Combination therapy with CTLA4Ig and 
cyclophosphamide signifi cantly reduces proteinuria and autoantibody titers and 
improves mortality in murine LN [ 53 ]. However, a recent randomized double-
blind trial failed to show a reduction in the proportion of pts with a new SLE fl are 
[ 54 ]. There were, however, some improvements in quality of life. A phase II/III 
trial in proliferative LN failed to meet the primary endpoint of time to complete 
renal response, defi ned as a glomerular fi ltration rate within 10 % of the pre-fl are/
screening value, urinary protein/creatinine ratio <0.26 mg/mg, and inactive urinary 
sediment at 12 months [ 55 ]. However, when the same data were analyzed using 
different outcome measures, the study showed positive data in favor of abatacept 
pointing to the need to fi nd appropriate defi nitions of response and trial design 
when evaluating novel therapies in LN [ 56 ]. Currently, abatacept remains an off-
label therapeutic option.  

17.4.2     Anti-CD40 Ligand 

 CD40L, also called CD154, is a protein that is primarily expressed on activated 
T cells and is a member of the TNF superfamily of molecules. It binds to CD40 
on antigen-presenting cells (APC), which leads to several effects depending on 
the target cell type. Altogether, CD40L has three binding partners: CD40, 
α5β1integrin, and αIIbβ3. CD154 acts as a co-stimulatory molecule and is 

17 Innovative Therapies in Systemic Lupus Erythematosus



252

particularly important on a subset of T cells called T follicular helper cells (TFH 
cells). CD154 promotes B-cell maturation by engaging CD40 on the B-cell sur-
face facilitating cell-cell communication. CD40L is over-expressed in murine 
lupus models, and monoclonal antibodies against CD40L are effective in treating 
murine LN. There have been two clinical trials of humanized anti-CD40L mono-
clonal antibodies (IDEC-131 and BG9588) in SLE pts. The fi rst study failed to 
demonstrate clinical improvement as compared to placebo at 20 weeks [ 57 ]. The 
second trial showed initial promise with reduced anti-dsDNA titers and increas-
ing complement levels, but was discontinued prematurely due to unexpected 
thromboembolic side effects [ 58 ]. Given the lack of effi cacy and the toxicity 
demonstrated in these studies, it is unlikely that anti-CD40L will progress to 
larger clinical trials in SLE pts [ 1 ].   

17.5     Cytokine Therapies 

17.5.1     Tocilizumab (Interleukin-6 Receptor Inhibitor) 

 IL-6 is a pleiotropic cytokine with both proinfl ammatory and anti-infl ammatory prop-
erties and it has been implicated in LN pathogenesis. In lupus mouse models, exoge-
nous IL-6 increases autoantibody production and accelerates nephritis progression. In 
SLE pts, IL-6 levels have been shown to correlate with clinical activity and anti-
dsDNA antibody levels. Urinary IL-6 excretion is increased in pts with active SLE 
nephritis and decreases after treatment [ 59 ]. Tocilizumab is a fully humanized mono-
clonal antibody against the IL-6 receptors that prevents binding of IL-6 to both mem-
brane-bound and soluble IL-6 receptors [ 1 ]. A phase I dose fi nding study [ 60 ] 
evaluated 16 pts with moderately active disease who received tocilizumab (2–4–8 mg/
kg) twice weekly for 3 months. The drug led to a reduction in infl ammatory markers 
of disease activity and autoantibody levels, while proteinuria remained unchanged. 
The majority of pts developed dose-related neutropenia, and high rates of infections 
were recorded. Results of randomized trials of tocilizumab in SLE are upcoming.  

17.5.2     Sirukumab 

 Sirukumab is a human, anti-IL-6 monoclonal antibody that binds to IL-6 with affi n-
ity and specifi city. It inhibits IL-6-mediated STAT-3 phosphorylation and thus atten-
uates the biological activity of IL-6. Sirukumab has been tested in a phase I, 
double-blind, placebo-controlled study to evaluate the safety and pharmacokinetics 
of multiple intravenous infusions in 31 pts with cutaneous lupus erythematosus 
(CLE) and 15 pts with systemic lupus erythematosus (SLE) [ 61 ]. The drug was 
generally well tolerated in both CLE and SLE pts with mild, stable, or active dis-
ease. No clinically relevant changes from baseline were observed in the overall 
scores; the treatment group showed a tendency to improve in the BILAG 

R. Fenoglio et al.



253

musculoskeletal domain. However, due to the limited sample size, duration of ther-
apy, exploratory nature, and the fact that the study was not designed to evaluate 
effi cacy, the results should be interpreted cautiously. A phase II study testing the 
effi cacy of sirukumab in LN is currently being conducted (NCT01273389).  

17.5.3     Anti-IL-10 Antibody 

 Several studies have confi rmed the presence of increased levels of IL-10 in SLE pts. 
While IL-10 promotes the proliferation of B cells, it is also capable of reducing 
proinfl ammatory responses [ 62 ]. Despite the uncertainty of the effects of antagoniz-
ing IL-10 in human SLE, a small study was performed with a follow-up period of 
6 months [ 63 ]. Joint symptoms and cutaneous lesions improved in all pts and that 
persisted for 6 months. The need for prednisone was signifi cantly reduced by month 
6. To date, there have been no further clinical trials to evaluate the potential effi cacy 
of this therapy in SLE.   

17.6     Targeting Interferon (IFN)-α 

 Microarray gene expression analysis has shown widespread activation of IFN- 
inducible genes in SLE pts that correlates with disease activity [ 64 ]. In addition, 
IFN pathway activation has been associated with LN activity. 

17.6.1     Sifalimumab 

 Sifalimumab, a fully human anti-IFN-α monoclonal antibody, induced a dose- 
dependent inhibition of type I IFN-induced mRNAs in whole blood in a phase I 
study. No increase in viral infections was observed, and a general trend toward 
improvement in disease activity was seen [ 65 ]. Further studies examining the effi -
cacy of sifalimumab in SLE are currently ongoing (NCT01283139).  

17.6.2     Rontalizumab 

 Rontalizumab is a recombinant humanized monoclonal antibody to IFN-α. The effi -
cacy and safety of rontalizumab were assessed in a phase II trial in adults with 
moderate to severe, nonrenal SLE [ 66 ]. Overall, response rates at 24 weeks were 
similar for rontalizumab and placebo. However, rontalizumab was more effective at 
reducing lupus disease activity in pts taking >10 mg/kg of steroids daily. A further 
analysis showed a greater benefi t in pts who had a low IFN-α signature (type I IFN- 
induced mRNAs) suggesting that higher antibody doses may be required to attenu-
ate IFN-α activity in pts with high gene signature [ 67 ].   
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17.7     Complement Therapies: Eculizumab 

 The complement system plays a signifi cant role in SLE [ 68 ]. Early components of the 
complement cascade are critical in the clearance of immune complexes and apoptotic 
material. Activation of terminal complement components is associated with exacerba-
tions of disease [ 69 ]. Eculizumab is a recombinant humanized monoclonal IgG2/4 
antibody that specifi cally binds to the terminal complement component 5, or C5, and 
inhibits the cleavage of C5 to C5a (a potent anaphylatoxin with prothrombotic and 
proinfl ammatory properties) and C5b by the C5 convertase, thus preventing the genera-
tion of the terminal complement complex C5b-9 [ 70 ]. It is conceivable that in LN, 
eculizumab might prevent direct complement-mediated injury to intrinsic glomerular 
cells and attenuate kidney infl ammation by reducing renal leukocyte recruitment. 
Wang at al. studied [ 71 ] the contribution of activated terminal complement components 
to the infl ammatory processes in the pathogenesis of glomerulonephritis in C5 suffi -
cient NZB/W F1 mice using a mAb specifi c for murine C5. Treatment with an antimu-
rine C5 mAb results in marked amelioration of the course of renal disease and in 
dramatic prolongation of survival. These data point toward an important role for the 
complement system in LN models. Disappointedly, a phase I trial of eculizumab in 
SLE showed safety and tolerability, but no clinical benefi t [ 72 ]. To date, there have 
been no further clinical trials studying the potential role of eculizumab in SLE.  

17.8     Targeting Fcγ Receptor IIB 

 Receptors for the Fc domains of IgG (Fcγ R) play a critical role in linking humoral and 
cellular immune responses [ 73 ]. The various Fcγ R genes may contribute to differences 
in infectious and immune-related diseases in various ethnic populations. Polymorphisms 
of Fcγ R have been identifi ed as genetic factors infl uencing susceptibility to disease or 
disease course in autoimmune diseases. In SLE, activated and inhibitory Fcγ Rs play a 
role in the pathogenesis of SLE, the initiation of autoimmunity, development of infl am-
matory lesions, and immune clearance mechanisms [ 74 ]. Modulating Fcγ receptor sig-
naling is a potential candidate for immunotherapy. In murine lupus model, treatment 
with recombinant soluble FcγRIIB signifi cantly delayed the onset of proteinuria, 
reduced histopathological fi ndings, and improved survival. Presently, a soluble 
FcγRIIB (SM101) is being tested in a phase II trial in SLE [ 1 ].  

17.9     Anti-TWEAK 

 The cytokine tumor necrosis factor (TNF)-like weak inducer of apoptosis (TWEAK, 
TNFSF12) is a member of the TNF superfamily that is prominently featured in nor-
mal and pathological remodeling of tissues. TWEAK, which is expressed primarily 
as a soluble cytokine by infi ltrating leukocytes, mediates multiple activities through 
its receptor FGF-inducible molecule 14 (Fn14, TNFRSF12) which is upregulated 
locally on epithelial and mesenchymal cell types in injured and diseased target 
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tissues including the kidney [ 75 ]. The role of TWEAK in promoting infl ammatory 
response, renal cell proliferation and apoptosis, vascular changes, and fi brosis, 
together with an increasing appreciation for the locally elevated levels of TWEAK in 
LN patients, suggests that TWEAK may play an active role in the kidney in the con-
text of LN. BIIB023 is a monoclonal antibody against TWEAK that is currently 
undergoing clinical development for the treatment of LN. To date, BIIB023 has com-
pleted a phase I double-blind, placebo-controlled, single-dose study in subjects with 
rheumatoid arthritis [ 76 ]. BIIB023 treatment was well tolerated across all dose 
groups in this study. No dose-dependent safety fi ndings were observed in any of the 
dose groups. In addition, there was no increase in infection rate associated with the 
use of BIIB023 in this study. BIIB023 is currently being tested for the treatment of 
LN in the ATLAS Study. The primary aim of this study is to evaluate the effi cacy of 
BIIB023 in patients with active LN as an add-on after initial therapy with standard of 
care in order to induce a complete or partial renal response as assessed by proteinuria 
and renal function in subjects with ISN/RPS class III or IV LN. Secondary objectives 
include assessment of the effect of BIIB023 on renal histopathology, the effect of 
BIIB023 on extrarenal SLE disease activity/manifestations, and the PK and immuno-
genicity of BIIB023 (clinical trial NCT01499355).  

17.10     Janus Kinase (JAK) and Spleen Tyrosine 
Kinase (Syk) Inhibitors 

17.10.1     Tofacitinib (JAK Inhibitor) 

 Cytokines are key mediators of the development and homeostasis of hematopoietic 
cells that are critical for host defense but also for the development of autoimmune 
and infl ammatory diseases. In a subgroup of cytokines, signaling requires associa-
tion with a family of cytoplasmic protein tyrosine kinases known as JAK. JAKs 
have recently attracted signifi cant attention as therapeutic targets in infl ammation 
and autoimmunity, and a selective Jak inhibitor, tofacitinib, has been developed 
[ 77 ]. Targeting JAKs in pts with SLE awaits future studies.  

17.10.2     Fostamatinib (SyK Inhibitor) 

 The non-receptor tyrosine kinase, spleen tyrosine kinase (Syk), is primarily 
expressed in hematopoietic cells and appears to be particularly important in B cells. 
Syk is involved in signal transduction processes and appears to regulate allergic, 
infl ammatory, and autoimmune responses. Inhibitors of Syk are potentially useful in 
treating rheumatoid arthritis, lupus, and hematological disorders [ 78 ]. SyK inhibi-
tors have been shown to prevent the development of renal disease and to treat estab-
lished murine LN. These data suggest that Syk inhibitors may be of therapeutic 
benefi t in human lupus and related disorders [ 79 ]. Fosfamatinib is a Syk inhibitor 
being evaluated for the management of autoimmune rheumatic diseases [ 80 ].   
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17.11     Anti-inflammatory Therapies 

 Anti-infl ammatory drugs with the potential to be more effective than current thera-
pies, e.g., corticosteroids, are also available [ 81 ]. 

17.11.1     Laquinimod 

 Laquinimod is a small-molecule derivative of quinolone-3-carboxamide. It has 
been studied extensively as therapy for multiple sclerosis and a phase II trial in 
LN and lupus arthritis has just been completed (  www.clinicaltrials.gov    ). In exper-
imental autoimmune encephalitis, laquinimod behaves like an anti-infl ammatory 
agent, decreasing infi ltration of the central nervous system by monocytes and 
reducing proinfl ammatory cytokine and transcription factor expression, such as 
MCP-1 (monocyte protein 1) and NF-κB (nuclear factor-κB), respectively [ 82 ]. 
Laquinimod also appears to modulate the infl ammatory environment by polariz-
ing T cells toward Tregs and away from TH1 and TH17 phenotypes [ 83 ]. 
Laquinimod may also have a role in modulating autoimmunity as it suppresses 
major histocompatibility class II antigen presentation and downregulates epitope 
spreading as well.  

17.11.2     Synthetic Retinoids 

 Small-molecule synthetic retinoids that are ligands for α/β-retinoic acid receptors 
alone have been used to treat experimental autoimmune uvo-retinitis and experi-
mental autoimmune encephalitis [ 84 ,  85 ]. A trial of one such agent, tamibarotene, is 
planned in SLE (clinical trial NCT01226147). In experimental infl ammatory dis-
eases, retinoid AM80 increased gene expression of an NF-κB repression factor. It 
may also increase Tregs and decrease T H 17 cells.   

17.12     Proteasome Inhibitor: Bortezomib 

 Proteasomes are large protein complexes located in the nucleus and cytoplasm that 
degrade abnormal and misfolded proteins – a function that is crucial for the control 
of the cell cycle, the regulation of gene expression, and overall cell homeostasis. 
The catalytic subunits that can be found in the immunoproteasome differ from those 
in the proteasome. The immunoproteasome is constitutively expressed in immune 
cells, but its expression in other tissues can be induced by infl ammatory cytokines 
such as IFN-γ. Its specifi c role is to generate peptides that can be presented by major 
histocompatibility complex class I (MHC-I) molecules [ 86 ]. Proteasome inhibitor is 
a promising therapeutic approach for targeting long-lived plasma cells (PCs) [ 87 ]. 
In SLE, autoantibodies produced by long-lived plasma cells are major players in 
disease pathogenesis. Bortezomib administration in a lupus mouse model resulted 
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in a signifi cant reduction of both short- and long-lived plasma cells in the spleen and 
bone marrow (BM), and it was much more effi cient in depleting BM total and long- 
lived plasma cells compared to cyclophosphamide or dexamethasone. Of note, the 
anti-dsDNA antibody titers were signifi cantly decreased [ 88 ]. These observations 
were supported by other reports [ 89 ]. The treatment with bortezomib was not asso-
ciated with overt toxicity or severe immunosuppression. Interestingly, evaluation of 
renal biopsies of mice treated with bortezomib showed that besides eliminating 
anti-dsDNA antibody-secreting plasma cells, bortezomib also exerted a protective 
effect on podocyte ultrastructure [ 90 ]. Alexander et al. reported the clinical features 
and the serological response of 13 pts treated with bortezomib [ 91 ]. Treatment was 
generally well tolerated. Disease activity and anti-dsDNA antibody titers decreased 
in all 13 patients. Patients with active LN experienced a decrease in proteinuria 
within 6 weeks of treatment and an increase in complement levels. Thus, prelimi-
nary data shows promise for the use of proteasome inhibitors in pts resistant to 
conventional therapies but further studies are needed.     
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      SLE in 21st Century                     

       Graham     Hughes   

      Clinical and translational research in systemic lupus erythematosus (SLE) has 
advanced the available diagnostic and therapeutic options, translating into better 
patient outcomes. 

 Five-year survival in patients with SLE has improved from 50 % in the 1950s to 
over 90 % currently. 

 There has been major progress in the understanding of the intricate pathogenesis 
underlying SLE, most notably the critical role of auto B cells in autoantibody for-
mation, antigen presentation, and T-cell activation. 

 After the heterogeneous results with the use of rituximab in SLE (good in real 
life, bad in controlled trials), the approval of belimumab by the FDA in 2011 was a 
signifi cant milestone for the treatment of SLE. Furthermore murine models and 
early phase studies of epratuzumab and sifalimumab have shown promising results, 
and multicenter randomized controlled trials with long-term follow-ups are 
ongoing. 

18.1     Which Are the Challenges for the Twenty-First Century? 

 Future research will focus on the goals of increasing survival, limiting organ dam-
age, and improving quality of life for patients with SLE. 

 Early diagnosis is still an unmet need in SLE, as the diverse and nonspecifi c 
presentations can still lead to delay in diagnosis. Disease monitoring remains diffi -
cult due to the low sensitivity of current disease activity markers. Management of 
refractory disease, especially nephritis and cutaneous and neuropsychiatric 
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manifestations, remains unsatisfactory. End-stage renal failure, scarring cutaneous 
lesions, and neurological damage especially that resulting from antiphospholipid 
syndrome remain major complications of the disease. Cardiovascular disease sec-
ondary to accelerated atherosclerosis has emerged as an important contributor to the 
higher morbidity and mortality in long-standing disease. Damage due to both dis-
ease and treatment, especially corticosteroid-associated damage, tends to accumu-
late over time. 

 Large international collaborations have resulted in development of new compos-
ite outcome indices and insights into disease pathogenesis. Multiple newer biologic 
agents targeting specifi c immune system pathways and effectors are undergoing 
evaluation. 

 Hopefully, these efforts will lead to development of newer therapeutic agents in 
SLE, a dire need.    

G. Hughes
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19.1             Introduction 

 Primary Sjögren’s syndrome (pSS) is a complex autoimmune disease characterized 
by a progressive dysfunction of the salivary glands associated to a variety of sys-
temic manifestations, including lymphoproliferative disorders [ 1 – 3 ]. Thus, pSS can 
be considered as a heterogeneous autoimmune entity possessing both organ-specifi c 
and systemic features and encompassing a wide spectrum of clinical manifestations, 
serological abnormalities, and scattered complications [ 4 – 9 ]. The complexity of SS 
clinical presentation is moreover increased by the fact that SS may occur alone, as 
a primary condition, or in association with other connective tissue diseases, includ-
ing rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and systemic 
sclerosis (SSc), as secondary SS (sSS) variants [ 10 – 13 ]. This complexity makes it 
diffi cult to classify the disease and to identify a homogeneous group of patients with 
a common etiopathogenesis or prognosis. This is probably the most important rea-
son for explaining why it remains an unresolved issue to reach a scientifi c consen-
sus on universally accepted classifi cation criteria for pSS [ 14 ,  15 ]. The 
American-European Consensus Group (AECG) criteria are the currently used clas-
sifi cation criteria for Sjögren’s syndrome (SS) and were derived after proper modi-
fi cations and revisions from the preliminary European criteria [ 16 ,  17 ]; nonetheless, 
the recent American College of Rheumatology/Sjögren’s International Collaborative 
Clinical Alliance (ACR/SICCA) criteria [ 18 ] that are based exclusively on objective 
tests clearly set the need for the scientifi c community to discuss extensively the 
concept of a new classifi cation system for patients with SS [ 19 – 21 ]. 

 Herewith a critical historical overview of the different criteria sets for SS will be 
provided from the beginning up to the more recent proposals.  
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19.2     Sets of Classification Criteria Proposed for pSS 
over the Time: The Long Journey to the Preliminary 
European Criteria 1993 

 During the First International Seminar on pSS, held in Copenhagen in May 1986, 
the four – at that time – most widely used criteria for defi nition of pSS were pre-
sented. Namely, the four different sets of criteria were the Copenhagen (1976) [ 22 ], 
the Japanese (1977) [ 23 ], the Greek (1979) [ 24 ], and the San Diego criteria (1986) 
[ 25 ]. In 1975, the San Francisco criteria for SS had been previously proposed in the 
USA [ 26 ]. Table  19.1  summarizes their similarities and dissimilarities. All these 
criteria sets were mainly focused on assessing the glandular signs and symptoms of 
the disease utilizing different procedures with different (and in many cases still not 
assessed) levels of sensitivity, specifi city, and reliability. The attitude of the criteria 
sets versus the histology and the serological patients’ profi les differed signifi cantly 
from one set to another. In particular, the Copenhagen and the Japanese criteria were 
focused mainly on the objective assessment of functional impairment of the salivary 
and lachrymal glands, while histology and serology were not considered obligatory 
for diagnosis. The Greek proposal emphasized the role of focal sialadenitis and the 
subjective complaints of the disease, while the California criteria introduced the 
presence of autoantibodies and histopathology as distinct items.

   Overall, in spite of their differences, these proposed classifi cation criteria might 
hypothetically select and correctly classify patients affected by pSS, when used by 
single groups of investigators, but they were not free from disadvantages. The San 
Francisco criteria, for example, emphasizing the specifi city of focal sialadenitis on 
minor salivary gland biopsies and the role of the objective tests in the diagnosis of 
pSS, appeared to be quite stringent and not completely able to properly diagnosed 
patients with a milder sicca syndrome, especially at the onset of the disease. The 
Copenhagen criteria on the other hand required the presence of two abnormal test 
assessing the dryness of the eyes and two abnormal tests assessing the dryness of the 
mouth, but they did not require as a mandatory item the salivary gland biopsy. 
Another drawback of the Copenhagen criteria was moreover that they pointed out 
that it was up to the local pSS center to decide which objective tests to select, and 
therefore, the tests used may vary slightly from center to center. Finally, another 
potential drawback was represented by the fact that some of the criteria sets did not 
consider the presence of autoantibodies. 

 During the First International Seminar on pSS, the comparison of all these crite-
ria sets made it possible to focus on the lack of homogeneity in the diagnostic tools 
for pSS and therefore on the potential discrepancies observed in clinical studies and/
or in the epidemiological surveys [ 27 ]. 

 In 1988, 2 years after the First International Seminar on pSS held in Copenhagen 
in 1986, a workshop was held in Pisa sponsored by the Epidemiology Committee of 
the Commission of the European Communities (EEC-COMAC) involving 29 
experts, representing 11 European countries and Israel. The aim of this collabora-
tion was to defi ne and validate simple standardized diagnostic tools for pSS and to 
design a multicenter study to defi ne classifi cation criteria for SS [ 17 ,  28 ]. The 
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   Table 19.1    Similarities and dissimilarities of the historical criteria sets for SS: Copenhagen, 
Japanese, Greek, San Diego, and San Francisco criteria   

 Copenhagen 
(1976) 

 Japanese 
(1977) 

 Greek 
(1979) 

 San Diego 
(1986) 

 San 
Francisco 
(1975, 1984) 

 Defi nition of 
probable/defi nite 
SS 

 –  +  +  +  + 

 Defi nition of pSS/
sSS 

 +  –  +  –  + 

 Subjective 
xeroftalmia 

 –  +  +  –  – 

 Subjective 
xerostomia 

 –  +  +  +  – 

 Objective tests 
exclusively (no 
subjective 
symptoms) 

 +  –  –  –  + 

 Parotid gland 
swelling (history) 

 –  +  +  –  – 

 Ocular tests: 

   Schirmer-I test  + 
(≤10 mm/5′) 

 + 
(≤10 mm/5′) 

 + 
(≤10 mm/5′) 

 + 
(<9 mm/5′) 

 + 
(≤10 mm/5′) 

   Breakup time  + (≤10 s)  –  –  –  + 

   Rose bengal 
(van 
Bijsterveld 
score) 

 + (≥4)  +(≥2)  + (≥4)  +(≥4)  +(≥4) 

   Fluorescein test  –  +  –  +  – 

 At least two 
abnormal tests as 
evidence of KCS 

 +  +  –  +  + 

 Oral tests: 

   Unstimulated 
whole saliva 

 +  –  –  + 

   Stimulated 
parotid fl ow 
rate 

 –  –  +  +  – 

   Scintigraphy  +  –  –  –  – 

   Sialography  –  +  –  –  – 

 Minor salivary 
obligatory 
criterion 

 No  No  Yes  Yes  Yes 

 Focus score 
(minor salivary 
glands biopsy) 

 >1  >1  ≥2  ≥2  >1 

 Serological fi ndings 

(continued)
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novelty was represented by the fact that previously proposed classifi cation criteria 
had generally been formulated by experts on the basis of clinical experience or 
derived from data coming from a single center. The preliminary European classifi -
cation criteria, on the contrary, represented the fi rst attempt to create the criteria for 
pSS through a multicenter study aimed at deriving and validating standardized 
methodologies directly from real patients. A simple questionnaire (20 questions: 13 
regarding the ocular involvement and 7 regarding the oral involvement) for dry eyes 
and dry mouth was validated. Data from 480 patients (240p SS and 240 controls) 
were gathered. Univariate and multivariate analysis and stepwise multiple regres-
sion were used to select those questions and combinations of questions that showed 
the best performance in correctly classifying patients and controls. Thus, a simpli-
fi ed questionnaire consisting of three questions for dry eyes and three for dry mouth 
emerged from this section of the study. For part II, each center recruited 40 patients – 
10 with pSS, 10 with sSS, 10 with other connective tissue disorders (CTDs) without 
SS, and 10 controls. The CTD diagnoses were made on the basis of the standard 
criteria for the various diseases, while the diagnosis of pSS was based at the best of 
the clinical skills of the expert observer clinician as gold standard. In these patients 
a limited set of proposed diagnostic tests were validated (including Schirmer-I test, 
rose bengal test, tear breakup time, tear fl uid lactoferrin level, stimulated and 
unstimulated saliva fl ow, biopsy of the minor salivary glands, parotid sialography, 
and salivary gland scintigraphy). The exact procedure to be followed for each test 
was described in the protocol. The data in part II were subjected to the same analysis 
of part I, with the addition of a classifi cation tree in order to determine the optimal 
classifi cation strategy. From the analysis the consensus group established a set of 
four objective criteria for the diagnosis of SS. These four criteria and the two sub-
jective criteria are presented in Table  19.2 . The preliminary European criteria were 
based on any four out of six items including ocular and oral symptoms (such as oral 
and ocular dryness), ocular and oral signs (such as positive Schirmer-I test, rose 
bengal score, parotid sialography, scintigraphy, and unstimulated salivary fl ow), 
immunological parameters, and focal sialadenitis. For primary pSS, the presence of 
four out of six items had good sensitivity (93.5 %) and specifi city (94 %). Some 
exclusion criteria were also added to this classifi cation set for pSS and, namely, 
preexisting lymphoma, acquired immunodefi ciency syndrome, sarcoidosis, and 
graft-versus-host disease [ 17 ].

Table 19.1 (continued)

 Copenhagen 
(1976) 

 Japanese 
(1977) 

 Greek 
(1979) 

 San Diego 
(1986) 

 San 
Francisco 
(1975, 1984) 

 Antinuclear 
antibodies 

 –  –  –  +  – 

 Anti-SS-A/Ro  –  –  –  +  – 

 Anti-SS-B/La  –  –  –  +  – 

 IgM-rheumatoid 
factor 

 –  –  –  +  – 
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   Furthermore, for the diagnosis of sSS, all the serological tests were excluded, 
and the consensus group established that it was suffi cient, the presence of at least 
three out fi ve items. 

 In 1996, the criteria set was validated on a total of 278 cases (157 SS patients and 
121 non-SS controls) collected from 16 centers in 10 countries, and the criteria 
confi rmed to have a sensitivity of 97.5 % and a specifi city of 94.2 % [ 29 ]. 

 After their validation the European classifi cation criteria received a large accep-
tance by the scientifi c community because of their good combination of sensitivity 
and specifi city. In fact, when previously proposed, the criteria had been used to 
classify patients with pSS, and controls enrolled in the European study all showed a 
very high specifi city (range 97.9–100 %) but a low sensitivity (range 22.9–72.2 %) 

   Table 19.2    European preliminary criteria for Sjögren’s syndrome   

 I. Ocular symptoms: a positive response to at least one of the following questions: 

   1. Have you had daily, persistent, troublesome dry eyes for more than 3 months? 

   2. Do you have a recurrent sensation of sand or gravel in the eyes? 

   3. Do you use tear substitutes more than 3 times a day? 

 II. Oral symptoms: a positive response to at least one of the following questions: 

   1. Have you had a daily feeling of dry mouth for more than 3 months? 

   2. Have you had recurrently or persistently swollen salivary glands as an adult? 

   3. Do you frequently drink liquids to aid in swallowing dry food? 

 III. Ocular signs – that is, objective evidence of ocular involvement defi ned as a positive result 
for at least one of the following two tests: 

   1. Schirmer-I test (≤5 mm in 5 min) 

   2. Rose bengal score or other ocular dye score (≥4 according to van Bijsterveld’s scoring 
system) 

 IV. Histopathology: focus score ≥1 on minor salivary gland biopsy (focus defi ned as an 
aggregation of at least 50 mononuclear cells; focus score defi ned as the number of foci per 
4 mm 2  of glandular tissue) 

 V. Salivary gland involvement: objective evidence of salivary gland involvement defi ned by a 
positive result for at least one of the following diagnostic tests: 

   1. Unstimulated whole salivary fl ow (<1.5 ml in 15 min) 

   2. Parotid sialography showing the presence of diffuse sialectasias (punctate, cavitary, or 
destructive pattern), without evidence of obstruction in the major ducts 

   3. Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed 
excretion of tracer 

 VI. Autoantibodies: presence in the serum of the following autoantibodies: 

   1. Antibodies to Ro(SSA) or La(SSB) antigens or both 

   2. Antinuclear antibodies 

   3. Rheumatoid factor 

  Exclusion criteria  

   Preexisting lymphoma 

   Acquired immunodefi ciency syndrome (AIDS) 

   Sarcoidosis 

   Graft-versus-host disease 
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which make them less useful for epidemiological surveys. Other potential advanta-
geous characteristics of the European criteria were that they distinguished between 
pSS and sSS but avoid the concept of defi nite/possible SS. Furthermore, they – as 
do the Copenhagen criteria – rely on unstimulated or basal tests and did not require 
as mandatory for the diagnosis invasive tests such as the minor salivary gland 
biopsy. 

 Nonetheless, during the subsequent International Symposia on SS, the European 
criteria for the classifi cation of SS generated an extensive discussion. The key point 
of debate was that these criteria could be fulfi lled in the absence of either autoanti-
bodies or positive fi ndings on labial salivary gland biopsy and, then, can also be met 
by patients with sicca symptoms, but not strictly primary SS. Furthermore, a criteria 
set in which two out of the six items were devoted to subjective complaints cannot 
allow to correctly classify patients with SS but without symptoms [ 30 ].  

19.3     From the European Classification Criteria 
to the American-European Classification Criteria 

 The preliminary European criteria raised objections concerning the misclassifi ca-
tion of patients who could fulfi ll the items for ocular and oral symptoms and signs 
but not the histological or the autoimmunity criterion. As a consequence of the 
abovementioned criticisms which were raised against them, the SS Foundation pro-
posed that a joint effort be undertaken by the Europe Study Group on classifi cation 
criteria for SS and a group of American experts. A detailed analysis of the European 
database of the patients and controls collected during the validation phase of the 
European Criteria was undertaken. A receiver-operating characteristic (ROC) curve 
of the revised criteria was constructed based on the analysis of 180 cases provided 
by 16 centers from 10 European countries. In more details, patient and control pop-
ulations included 76 patients affected by pSS, 41 patients with a diagnosis of CTD 
without SS, and 63 control (no SS) subjects. Based on this, the ROC curve analyzes 
the condition “positivity of any four out of the six items” and the condition “positiv-
ity of four out of six items with the exclusion of the cases in which both serology 
and histopathology were negative”; the second condition had a lower sensitivity 
(89.5 % vs 97.4 %) but a higher specifi city (95.2 % vs 89.4 %). The presence of any 
three of the four objective criteria items showed a slightly lower accuracy (90.5 %) 
but a specifi city of 95.2 % and a sensitivity of 84.2 %. This combination was, there-
fore, judged reliable as well. The American-European Consensus Group, then, even 
maintaining the previous European scheme of six items, introduced the obligatory 
rule that for a defi nite diagnosis of pSS, either the minor salivary gland biopsy or 
serology had to be positive (see Table  19.3 ) [ 16 ]. Other modifi cations were pro-
posed and included in the European criteria set to make the item defi nitions more 
precise. In particular, it was specifi ed that Schirmer-I test should be performed with 
standardized paper strips in unanesthetized and closed eyes following the European 
and the Japanese tradition. Moreover, as rose bengal is not available in many coun-
tries, other ocular dye scores (i.e., fl uorescein stain and lissamine green) were 
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   Table 19.3    American-European Consensus Group Criteria. Revised international classifi cation 
criteria for Sjögren’s syndrome   

 I. Ocular symptoms: a positive response to at least one of the following questions: 

   1. Have you had daily, persistent, troublesome dry eyes for more than 3 months? 

   2. Do you have a recurrent sensation of sand or gravel in the eyes? 

   3. Do you use tear substitutes more than 3 times a day? 

 II. Oral symptoms: a positive response to at least one of the following questions: 

   1. Have you had a daily feeling of dry mouth for more than 3 months? 

   2. Have you had recurrently or persistently swollen salivary glands as an adult? 

   3. Do you frequently drink liquids to aid in swallowing dry food? 

 III. Ocular signs – that is, objective evidence of ocular involvement defi ned as a positive result 
for at least one of the following two tests: 

   1. Schirmer-I test, performed without anesthesia (<5 mm in 5 min) 

   2. Rose bengal score or other ocular dye score (>4 according to van Bijsterveld’s scoring 
system) 

 IV. Histopathology: in minor salivary glands (obtained through normal-appearing mucosa) 
focal lymphocytic sialadenitis, evaluated by an expert histopathologist, with a focus score >1, 
defi ned as a number of lymphocytic foci (which are adjacent to normal-appearing mucous 
acini and contain more than 50 lymphocytes) per 4 mm 2  of glandular tissue 

 V. Salivary gland involvement: objective evidence of salivary gland involvement defi ned by a 
positive result for at least one of the following diagnostic tests: 

   1. Unstimulated whole salivary fl ow (<1.5 ml in 15 min) 

   2. Parotid sialography showing the presence of diffuse sialectasias (punctate, cavitary, or 
destructive pattern), without evidence of obstruction in the major ducts 

   3. Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed 
excretion of tracer 

 VI. Autoantibodies: presence in the serum of the following autoantibodies: 

   1. Antibodies to Ro(SSA) or La(SSB) antigens or both 

  Revised rules for classifi cation  

  For primary SS  

 In patients without any potentially associated disease, primary SS may be defi ned as follows: 

   (a) The presence of any 4 of the 6 items is indicative of primary SS, as long as either item 
IV (histopathology) or VI (serology) is positive 

   (b) The presence of any 3 of the 4 objective criteria items (i.e., items III, IV, V, VI) 

   (c) The classifi cation tree procedure represents a valid alternative method for classifi cation, 
although it should be more properly used in clinical-epidemiological survey 

  For secondary SS  

 In patients with a potentially associated disease (for instance, another well-defi ned connective 
tissue disease), the presence of item I or item II plus any 2 from among items III, IV, and V 
may be considered as indicative of secondary SS 

  Exclusion criteria  

   Past head and neck radiation treatment 

   Hepatitis C infection 

   Acquired immunodefi ciency syndrome (AIDS) 

   Preexisting lymphoma 

(continued)
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suggested to replace it. They also defi ned a positive minor salivary glands biopsy as 
one focus of lymphocytes or more specifying that it/they had to be adjacent to 
normal- appearing mucous acini per 4 mm 2  glandular tissue. Finally, a consensus on 
the list of exclusion criteria was also reached. In comparison to the exclusion crite-
ria adopted by the European preliminary criteria, the category “anticholinergic” 
drugs was introduced instead of “antidepressant, antihypertensive, parasympatho-
lytic drugs, and neuroleptic agents,” the term sialadenosis was deleted, and the defi -
nition past head and neck radiation treatment added. Finally, it was decided to add 
the hepatitis C virus (HCV) infection as an exclusion criterion considering the sicca 
symptoms observed in some patients with HCV as one of the extrahepatic manifes-
tations of the virus which has to be differentiated from SS.

   For sSS it was established that in patients with a potentially associated disease, it 
has to be considered as indicative of the disorder and the presence of the item I or II 
plus any two from among items III, IV, and V [ 31 ]. 

 Overall, the American-European Revised Classifi cation Criteria, even preserv-
ing many aspects of the European preliminary criteria, appear to be more stringent 
[ 32 ,  33 ]. In particular in 2006, the comparability of the Copenhagen, San Diego, 
European, and AECG criteria sets was assessed prospectively, examining 222 con-
secutive patients referred to the Department of Rheumatology of Ljubljana. The 
authors found that 90 out of 222 patients (41 %) fulfi lled at least one classifi cation 
criteria set. The highest number of patients fulfi lled the European criteria (36 %), 
followed by the Copenhagen criteria (28 %), the AECG criteria (26 %), and the San 
Diego criteria (9 %) sets. The AECG criteria resulted therefore to be highly specifi c 
and quite restrictive [ 32 ].  

19.4     Classification Criteria for pSS: Present and Future 

 The AECG criteria represent the most commonly employed tool to classify patients 
with primary and secondary SS in clinical trials, in epidemiological studies, and in 
clinical practice, given their high sensibility and specifi city [ 34 – 36 ]. However, 
according to results derived from clinical settings, the higher specifi city of the 
AECG criteria in comparison with preliminary criteria might lead to the exclusion 
of a considerable proportion of patients with classical features and long-term out-
come complications of SS [ 37 ,  38 ]. Recently, the American College of Rheumatology 
(ACR)/Sjögren’s International Collaborative Clinical Alliance (SICCA) endorsed 
new classifi cation criteria for pSS [ 18 ,  39 ,  40 ]. These criteria were derived from 
1107 participants. According to the ACR/SICCA criteria, for SS diagnosis, two out 
of the following three are required: (a) positive anti-Ro/SSA and anti-La/SSB or 

Table 19.3 (continued)

   Sarcoidosis 

   Graft-versus-host disease 

   Use of anticholinergic drugs (since a time shorter than fourfold the half-life of the drug) 
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positive rheumatoid factor and ANA ≥1:320, (b) ocular staining score ≥3 (sum total 
score 0–12; 0–6 score for staining of the cornea with fl uorescein, 0–3 score for 
staining of both the nasal and temporal conjunctivae with lissamine green), and (c) 
focal lymphocytic sialadenitis with focus score ≥1 in labial gland biopsy. The ACR/
SICCA criteria do not target the general population but individuals suspected to be 
affected by SS and were aimed at selecting homogenous patients to be enrolled in 
clinical trials. 

 Interestingly, Rasmussen et al.[ 41 ] recently compared the performance of the 
new ACR and the AECG classifi cation criteria for SS and found concordant results 
when applied to a homogeneous cohort of patients with sicca symptoms, providing 
no clear evidence for increased value of the new ACR criteria over the old AECG 
criteria from the clinical and biological perspective 11. In this scenario, the entire 
scientifi c community is making an international effort to create novel criteria able to 
overcome the limitations of both the existing criteria set. In fact, a major limitation 
of the ACR classifi cation criteria is represented by the fact that they require an 
evaluation by a practitioner specialized in eyes and lip biopsy and may oversee 
patient’s subjective symptoms; on the other hand, AECG criteria rely on the employ-
ment of obsolete objective tests like sialography and scintigraphy. From this per-
spective, the addition of salivary gland ultrasonography (SGUS) has been proposed 
in order to replace more painful or invasive tests [ 42 – 46 ]. Despite the encouraging 
results obtained, however, the employment of SGUS as an adjunctive item in clas-
sifi cation criteria needs further validation and standardization. In parallel a number 
of studies have been designed searching for novel and specifi c biomarkers for pSS, 
but their results are still in progress [ 47 – 49 ]. 

 In 2013, an ACR-European classifi cation criteria working group has been found 
in order to elaborate novel classifi cation criteria derived from the existing ones. In 
fact, the burden of creating a completely novel set of classifi cation criteria has not 
appeared justifi ed, considering the lack of novel specifi c biomarkers for the disease. 
Hopefully, the novel criteria will be able to select homogenous patients opening 
new avenues for clinical trials and epidemiological studies.     
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  20      Etiopathogenesis of Sjogren’s Syndrome                     

       Adrianos     Nezos     and     Clio     P.     Mavragani    

20.1             Introduction 

 Sjogren’s syndrome (SS) is a chronic, relatively common autoimmune disease 
 primarily affecting middle-aged women. Its prevalence has been reported up to 
0.5–1.0 % of the general population. The major SS characteristic is the accumula-
tion of periepithelial lymphocytic cell infi ltrates in the exocrine glands, mainly 
labial and lachrymal glands, resulting in oral and ocular dryness. Approximately 
half of the patients with SS experiences systemic disease manifestations with peri-
epithelial mononuclear infi ltrates in parenchymal organs such as kidneys, lung, and 
liver. Immunocomplex deposition resulting in palpable purpura, glomerulonephri-
tis, and vasculitis can also occur [ 1 ,  2 ]. The latter set of manifestations have been 
designated as adverse predictors for non-Hodgkin lymphoma (NHL) development 
[ 1 ,  3 ]. The disease typically occurs in two forms: primary and SS associated with 
other autoimmune disorders, such as lupus, rheumatoid arthritis, and systemic 
 sclerosis [ 2 ]. Although the upstream events leading to the development of SS have 
not been fully understood, the interactions between genetic, epigenetic, and 
 environmental contributors seem to underlie its pathogenesis.  

20.2     Etiological Factors 

20.2.1     Genetics 

 The contribution of heritable components in disease pathogenesis is supported by 
the heightened prevalence of SS in monozygotic twins, in conjunction with the 
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familial aggregation of the disease. Major histocompatibility complex (MHC) 
alleles together with single nucleotide polymorphisms (SNPs) outside the human 
leukocyte antigen (HLA) locus have been proposed to have a role in SS pathogen-
esis. The latter includes several genes involved in the immune innate and adaptive 
response, mainly related to interferon (IFN), nuclear factor kappa-light-chain- 
enhancer of activated B cells (NF-κB), as well as B-cell activation and differentia-
tion pathways. In detail, variants in the IFN regulating factor 5 transportin 3 
(IRF5-TNPO3) locus and signal transducer and activator of transcription 4 (STAT4) 
have been consistently shown to confer increased SS susceptibility [ 4 – 9 ]. IRF5 
encodes a transcription factor central to the innate and adaptive immune response, 
while TNPO3 encodes a nuclear import receptor that mediates nuclear entry of 
splicing factors. These fi ndings along with the MHC associations were recently 
confi rmed in two SS large-scale association studies both in Caucasian and in Han 
Chinese populations [ 10 ,  11 ]. 

 Genetic variants involve genes implicated either in the suppression or in the acti-
vation of the NF-κB pathway. Tumor necrosis factor alpha-induced protein 3 
(TNFAIP3), a gene encoding the A20 protein, [ 10 – 12 ], and TNFAIP3-interacting 
protein 1 (TNIP1) [ 10 ,  13 ] have been shown to have a role in inhibiting 
NF-κB. Conversely, NF-κB pathway seems to be activated by the mutation 
His159Tyr of the B-cell activating factor (BAFF) receptor. These genetic variants 
may be involved in the development of NHL in the contest of SS [ 10 ,  12 ,  14 ]. 

 Moreover, the presence of SNPs of genes implicated in B-cell maturation and 
activation such as early B-cell factor 1 [ 4 ,  10 ,  15 ] or germinal center formation such 
as the lymphotoxin-α LTA/LTB/tumor necrosis factor (TNF) gene have been also 
found to increase the risk for SS development [ 16 ,  17 ]. 

 Besides, SNPs in the chemokine gene CCL11 were associated with the forma-
tion of germinal center (GC)-like structures in salivary gland tissues, possibly lead-
ing to enhanced migration of immune cells in the infl amed salivary glands [ 18 ]. 
Finally, a functional deletion of 6.7 Kb of the leukocyte immunoglobulin-like recep-
tor A3, a soluble receptor for class I MHC antigens implicated in modulation of 
immune function, has been detected in patients with SS of both Caucasian [ 19 ] and 
Chinese [ 20 ] origin [ 21 – 23 ]. In patients with SS, the presence of this functional 
deletion has been associated with leucopenia and the presence of autoantibodies 
against Ro/SSA and La/SSB antigens [ 20 ].  

20.2.2     Epigenetics 

 Several studies have implicated epigenetic infl uences in the development of 
SS. Small noncoding RNAs, such as microRNAs mir146a and miR-155, which 
regulate the expression of genes linked to innate immune responses, were found 
differentially expressed in peripheral blood mononuclear cells from SS patients 
compared to healthy controls, in association with glandular manifestations [ 24 ,  25 ]. 
Defective resolution of infl ammatory process has been proposed as a potential 
mechanism of mir146a contribution in disease process [ 25 ]. Deep sequencing of 
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small RNAs from SS patients disclosed previously unidentifi ed microRNAs with 
signifi cant disease specifi city [ 26 – 28 ]. 

 Alteration of methylation patterns has been also evaluated in SS. A recent 
genome-wide methylation analysis in patients with SS identifi ed distinct patterns in 
naive CD4+ T cells compared to healthy controls. Important genes in SS pathogen-
esis – including LTA and IFN signature pathway genes – were found to be hypo-
methylated in SS patients [ 29 ]. Forkhead box P3 (FOXP3), the major regulator of 
the T regulatory cell development, was found to be hypermethylated in CD4+ T 
cells from SS patients, leading to a suppression at mRNA and protein levels [ 30 ]. 
Global DNA methylation was shown to be reduced in SS-derived salivary gland 
epithelial cells (SGEC). Defective PKC-δ function of the infi ltrating B cells and 
alterations of methylating mediators such as DNA methyltransferase 1 (DNMT1) 
have been reported in patients with SS [ 31 ]. On the other hand, a coordinated over-
expression of methylating enzymes implicated in both de novo and maintenance 
methylation has been observed at the level of SS salivary gland possibly as a com-
pensatory response aimed at controlling inappropriate overexpression of endoge-
nous retroelements [ 32 ].  

20.2.3     Role of Environment 

20.2.3.1     Viruses 
 Given the previously reported activated status of SGECs along with the upregula-
tion of IFN-related genes in the setting of SS, the implication of viruses in disease 
initiation has been long suspected. Cytomegalovirus, Epstein-Barr virus (EBV), 
human herpes virus type-6, human T-cell lymphotropic virus type 1 (HTLV-1), ret-
roviruses, hepatitis C virus, and enteroviruses have been all proposed as potential 
triggers [ 33 ,  34 ]. EBV virus-encoded small RNA (EBER) from EBV-infected cells 
in association with the SS-related autoantigen La/SSB were previously shown to 
induce TLR3-mediated activation of the type I IFN pathway [ 35 ]. Of interest, in a 
recent study, evidence of latent and lytic EBV infection was demonstrated in sali-
vary gland tissues demonstrating ectopic lymphoid structure formation in associa-
tion with production of autoantibodies against Ro52 autoantigens by EBV-infected 
perifollicular plasma cells. These data strongly suggest chronic EBV infection as a 
potential contributor of survival and perpetuation of autoreactive B cells in the set-
ting of SS [ 36 ]. Endogenous retroviral elements have been also proposed as poten-
tial primary triggers in generation of type I IFN responses among primary SS 
patients [ 32 ].  

20.2.3.2     Stress 
 The occurrence of major stressful life events prior to disease onset in association 
with an inability to effectively cope against environmental challenges [ 37 ], in con-
junction with an hypofunctional hypothalamic-pituitary-adrenal axis (HPA), have 
been previously proposed as potential SS triggers in genetically susceptible indi-
viduals [ 38 ]. On the other hand, antibodies against neuropeptides have been viewed 
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as putative determinants in personality characteristics and psychopathology features 
of patients with primary SS [ 39 ], implying a key role of neuroendocrine interactions 
in disease pathogenesis [ 40 ].  

20.2.3.3     Hormonal Factors 
 The active role of the endocrine system in SS pathogenesis is supported by the clear 
female preponderance and by the perimenopausal disease onset. Data from animal 
models also suggest the contribution of estrogen defi ciency in SS development 
[ 34 ,  41 ]. In view of the immunomodulatory actions of estrogens in normal SGECs, 
the intrinsic epithelial activation observed in SS could be linked to alteration of 
these mechanisms [ 42 ,  43 ]. On the other hand, reduced androgen levels – especially 
the active testosterone form, previously shown to inhibit apoptosis in SGEC – could 
lead to enhanced apoptosis in menopausal SS patients, promoting further 
autoimmune- related tissue injury [ 44 – 46 ].    

20.3     Histopathology 

 The main histopathological lesion in SS consists of periepithelial lymphocytic cell 
infi ltrates in exocrine glands (mainly salivary and lachrymal glands) as well as in 
parenchymal organs (liver, lung, kidney). Biopsy of minor salivary gland (MSG) 
tissues obtained from the lower lip is considered the gold standard for SS histo-
pathological diagnosis; an average focus score >1 according to Chisholm [ 47 ] is 
compatible with SS diagnosis according to the widely accepted American/European 
criteria [ 48 ] and the more recently proposed criteria by the American College of 
Rheumatology [ 49 ]. The Chisholm focus score [ 47 ] is calculated as the number of 
lymphocytic foci per 4 mm 2  surface in at least four informative lobules, with a 
focus being defi ned as a cluster of at least 50 lymphocytes. In the ocular surface, 
the activation of proinfl ammatory pathways with local production of cytokines and 
metalloproteinases results into damage of both corneal and bulbar conjunctival 
epithelia (keratoconjunctivitis sicca) [ 50 ]. Reduced transcript levels of the PAX6 
gene – a regulator of corneal development – in impression cytology specimens 
derived from SS patients were recently shown to associate with ocular surface 
damage [ 51 ]. 

 Parenchymal organs (lung, kidney liver) from SS patients can present histopath-
ological features similar to those seen in exocrine tissues, such as peribronchial 
lymphocytic infi ltrates in transbronchial specimens, focal lymphocytic infi ltrates 
around renal tubular epithelium, or around the biliary duct epithelial cells. As a 
result, small airway obstructive disease, interstitial nephritis with associated renal 
tubular acidosis, and primary biliary cirrhosis-like manifestations may occur in 
these patients (as reviewed in [ 3 ]). Taken together, these fi ndings confi rm the crucial 
role of the epithelium in disease pathophysiology, and therefore, the term “autoim-
mune epithelitis” has been earlier proposed [ 52 ].  
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20.4     Cells and Cytokines in SS 

 It has long been established – in both SS human and mouse model studies – that the 
extent of cellular infi ltrates in MSG tissues is highly variable and can be classifi ed 
into mild, intermediate, and severe, according to the Tarpley biopsy score [ 53 ]. 
Furthermore, the degree of lesion severity in the affected tissues is associated with 
the composition of cellular infi ltrates [ 54 ]. 

20.4.1     T Lymphocytes 

 CD4+ T cells have been originally viewed as the principal cell population in sali-
vary gland infi ltrates of SS patients; however, recent data revealed a different 
expression of cellular components in relation to the severity of the histopathological 
lesion, with B cells prevailing in advanced and CD4+ cells in mild lesions, respec-
tively [ 54 ]. Th1 cytokine patterns (such as IFN-γ) were shown to predominate over 
Th2 patterns, in association with more severe glandular infi ltrates. Th1 pattern 
seems to promote tissue injury through production and release of plasminogen acti-
vation system components [ 54 – 57 ]. Interleukin-33 (IL-33) – a recently identifi ed 
cytokine of the IL-1 family with both extracellular and nuclear functions – has been 
also found to be increased in both serum and salivary gland tissues of SS patients 
(mainly in focus scores 2 and 3). IL-33 synergistically acts with IL-12 and IL-23 for 
the induction of IFN-γ secretion by natural killers (NK) and NKT cells [ 58 ]. 

 Th17 cells (an IL-17-producing CD4+ subtype) have been also detected in the 
SS salivary gland tissue [ 59 ], especially in patients with advanced lesions. Their 
role in the immunopathogenesis of the disease has been also supported by recent 
observations in experimental models [ 60 ,  61 ]. A reduced function of the suppressor 
of cytokine signaling 3 (SOCS3) has been postulated as a possible mechanism 
involved in the deregulated expression of IL-17 in SS [ 62 ]. Another source of 
IL-17 in SS salivary gland tissues is the “double negative” (DN) T-cell subset 
(absence of both CD4 and CD8 molecules) [ 63 ]. IL-22, also produced by Th17 and 
a subset of NK cells [ 64 ] as well as IL-7 along with CD4+ T cells bearing the IL-7 
receptor, has been also detected in salivary SS gland tissues [ 65 ]. 

 The follicular cells – an IL-21 producer CD4+ subset – are actively involved in 
lymphoid follicle formation, and they were also found to be present in salivary 
gland tissues characterized by the presence of high focus scores and GC structures 
[ 66 ,  67 ]. Of interest, SS-derived SGECs were shown to directly induce T follicular 
cells differentiation in co-culture experiments [ 68 ]. Finally, the adhesion and che-
motactic molecule CX3CL1 and its receptor CX3CR1 have been also proposed as 
potential participants in the ectopic GC formation in SS salivary glands [ 69 ]. 

 Regulatory T lymphocytes – a Th population with a controlling role against unde-
sired lymphocytic activation – have been also studied in the setting of SS with con-
fl icting results [ 70 ,  71 ]. A newly identifi ed regulatory cell subtype includes CD4+ 
cells expressing glucocorticoid-induced TNFR-related (GITR) (a key role protein in 
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the maintenance of immunological self-tolerance) protein. GITR was found expanded 
in both SS salivary gland tissues and periphery, possibly in an attempt to control 
excessive autoimmune-driven infl ammation [ 72 ]. Altered B-cell regulatory function 
mediated by the T-cell defi ciency of the calcium sensors stromal interaction mole-
cules 1 and 2 (STIM1 and STIM2) has been also proposed as a putative mechanism 
of disease development in both humans and animal models [ 73 ].  

20.4.2     B Lymphocytes 

 B-cell hyperactivity has been long appreciated as a main disease feature, as indicated 
by the presence of hypergammaglobulinemia and both specifi c and nonspecifi c 
serum autoantibodies including antinuclear, anti-ribonucleoproteinic complexes Ro/
SSA and La/SSB, rheumatoid factor (RF), and cryoglobulins. Autoantibodies against 
α-fodrin, carbonic anhydrase, and muscarinic antibodies have been also described, 
with the latter being involved in SS-related secretory dysfunction [ 74 ]. The underly-
ing mechanisms for B-cell hyperresponsiveness in the setting of SS remain to be 
elucidated. However, the following mechanisms have been proposed: abnormal 
retention of pre-switch Ig transcripts in circulating memory B cells, prolonged trans-
location of BCR in lipid rafts of B cells resulting in increased signaling, and height-
ened BAFF levels in both serum and saliva [ 75 ]. BAFF is a member of the (TNF) 
family essential for the development and survival of B lymphocytes. The develop-
ment of an SS phenotype reminiscent of human SS in the BAFF transgenic mice is 
indicative of its central role in disease pathogenesis [ 76 ]. 

 In MSG tissues, B cells were found as a predominant cell type in advanced 
SS. MSG lesions with oligoclonal B-cell populations and germinal center formation 
have been proposed as predictors of lymphoma development [ 54 ,  77 ,  78 ]; interest-
ingly, recent data suggested the presence of locally produced anti-Ro(SSA) and/or 
anti-La(SSB) at the level of salivary glands [ 79 ]. 

 Naive peripheral B cells (CD19+, CD27+, IgD+) were found to be increased in 
SS patients compared to controls [ 80 ,  81 ]. Memory (CD19+, CD27+, IgD-) B cells 
are reduced in the periphery [ 80 ,  81 ], possibly because of their retention in infl amed 
salivary gland tissues [ 82 ]. Un-switched memory B cells (CD19+, CD27+, IgD+) 
have been recently shown to display an altered transcriptional profi le in SS and in a 
subset of sicca patients compared to healthy individuals [ 83 ]. Accumulation of auto-
reactive clones in both naive and memory B-cell compartment and in another CD21-/
low B-cell population suggests defective checkpoint immune tolerance mechanisms 
operating in SS similarly to other autoimmune diseases [ 81 ,  84 ] (Fig.  20.1 ).

20.4.3        Macrophages/Dendritic Cells 

 Increased numbers of macrophages have been reported in advanced SS MSG 
lesions, with the presence of IL-18 secreting macrophages being associated with 
clinical and serological risk factors for SS lymphomagenesis [ 85 ]. Additionally, 

A. Nezos and C.P. Mavragani



285

IL-34 – a recently identifi ed proinfl ammatory cytokine which promotes the growth 
and differentiation of CD14+ monocytes – was also found to be overexpressed in SS 
MSGs [ 86 ]. In a recent report, increased phagocytic uptake of necrotic material in 
the peripheral blood was described, possibly related to a defective DNAase activity 
[ 87 ]. 

 Dendritic cells (DCs) – involved in both disease initiation and tolerance – have 
also been considered as main contributors in disease pathogenesis. So far, two major 
types of DCs are recognized, namely, myeloid DCs (mDCs) and plasmacytoid DCs 
(pDCs). The latter have been shown to produce type I IFN through TLR-7 and 
TLR-9 [ 88 ]. Type I IFN inducible genes have been found to be upregulated in SS 
peripheral blood and salivary gland tissues compared to controls; particularly, 
IFN-α itself strongly correlates with expression of LINE-1 retroviral elements at the 
level of salivary gland tissue. An overexpression of IFN inducible genes was also 
detected in peripheral blood cells in association with disease activity (as reviewed 
in [ 32 ]).  

20.4.4     Epithelial Cells 

 Available evidence supports the intrinsic activating capacity of SGEC, as shown 
by the presence of numerous immune reactive molecules implicated in antigen 
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presentation such as TLRs, CD91, and MHC I/II, costimulation (CD40, B.7/
CD80, PD-L1), cell adhesion (ICAM.1/CD54), and apoptosis (Fas, FasL). 
Activated epithelial cells have been also shown to produce proinfl ammatory cyto-
kines (IL-1, IL-6, IL-8, TNF-α, and adiponectin), chemokines, as well as BAFF 
[ 89 ,  90 ]. Some forms of the latter have been recently shown to promote survival 
of epithelial cells through an autocrine action [ 91 ]. Alterations in IkBa kinase – an 
essential negative regulator of NF-κB activation – and TNFAIP3 – a negative 
feedback regulator of TNF-α signaling through NF-κB – have been proposed as 
potential culprits for the sustained activation of NF-κB pathways in SS salivary 
epithelial cells [ 92 ].   

20.5     Exocrine Gland Dysfunction 

 Growing evidence over the last years challenges the prevailing dogma according to 
which, loss of function in secretory epithelia is mainly attributed to destruction of 
the glandular tissue by lymphocytic infi ltrates. The dissociation between the sever-
ity of sicca complaints and the extent of glandular autoimmune infl ammation sug-
gest alternative pathways as principal contributors to the defective glandular 
homeostasis. These include (a) increased apoptosis of salivary epithelial cells 
(caused by cytokines and hormonal changes); (b) inhibition of cholinergic neuro-
transmission induced by antimuscarinic M3 autoantibodies; (c) structural altera-
tions arising either from abnormal tight junction protein levels, disorganization of 
the basal membrane in labial SGEC, overexpression of the bone morphogenetic 
protein-6 (BMP-6), or dysfunction of the Hippo signaling pathway; and 
(d)  abnormal distribution and expression of the water channel aquaporin 5 in 
SS-derived SGEC, potentially related to the presence of antimuscarinic antibodies 
[ 34 ,  93 – 95 ].  

    Conclusion 
 SS epithelial cell plays a central role in disease pathogenesis serving as an 
antigen- presenting cell, recruiting B and T lymphocytes through lympho-
attractant chemokines and ensuring B-cell lymphocyte survival and prolifera-
tion through BAFF production. The release of endogenous nucleic acids and 
autoantigens can occur as a result of increased apoptosis possibly caused by 
neuroendocrine, viral, or genetic/epigenetic insults. The consequent exposi-
tion of autoantigens can lead to the production of disease-specifi c autoantibod-
ies against ribonucleoproteinic complexes. As a consequence, 
immunocomplexes are formed, leading to PDC activation and IFN-α produc-
tion, which further causes B-cell activation through BAFF production as well 
as enhanced salivary epithelial cell apoptosis, closing this vicious infl amma-
tory cycle.     
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      Abbreviations 

   ACA    Anti-centromere antibodies   
  AMA    Antimitochondrial antibodies   
  ANA    Antinuclear antibodies   
  Anti-CCP    Antibodies against cyclic citrullinated peptides   
  Anti-CAII    Anti-carbonic anhydrase II   
  ASMA    Anti-smooth muscle antibodies   
  MRs    Muscarinic receptors   
  NLS    Neonatal lupus syndrome   
  RF    Rheumatoid factor   
  SLE    Systemic lupus erythematosus   
  SS    Sjögren’s syndrome   
  SSc    Systemic sclerosis   

21.1           Introduction 

 Sjögren’s syndrome (SS) is a heterogeneous autoimmune disease, mainly affecting 
middle-aged women (women:men, 9:1). Sicca syndrome-related symptoms, mainly 
of the eyes and mouth, are associated with the destruction and dysfunction of the 
exocrine glands. SS is characterized by various clinical spectra, ranging from local 
exocrinopathy to extraglandular, systemic manifestations that affect several organs. 
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Extraglandular systemic manifestations are frequent in primary SS (pSS) and can be 
categorized as either related to periepithelial infl ammation (involving the lung, the 
liver, or the kidneys) or to immune complex-mediated vasculitis (leading to periph-
eral neuropathy, glomerulonephritis, or purpura) [ 1 ]. The wide spectrum of disease 
features and outcomes implies the need for biomarkers permitting an early diagno-
sis of the disease and/or effective treatment, as well as the stratifi cation of the 
patients according to distinct clinical phenotypes. Indeed, several clinical and labo-
ratory parameters have been shown able to identify patients predisposed to develop 
lymphoma at the time of pSS diagnosis, supporting the notion that the identifi cation 
of relevant disease biomarkers is a feasible goal. 

 The heterogeneity of clinical phenotypes and the diverse disease outcomes most 
probably refl ect complex pathogenetic mechanisms operating in SS patients. The 
pathogenetic pathways underlying the disease are not fully delineated yet. Organ 
destruction is associated with periepithelial lymphocytic infi ltrates of variable 
grade, whereas severe lesions have been linked to systemic disease [ 2 ,  3 ], suggest-
ing that local and systemic autoimmune responses may be associated. 

 A plethora of autoreactive antibodies against intracellular autoantigens is produced 
in SS. Although the pathogenetic signifi cance of these autoantibodies and the mecha-
nisms governing their production are not fully elucidated, recent evidence confi rms 
that the development of SS humoral autoimmune responses is an antigen- driven pro-
cess. This is supported by the following: (a) certain autoantibodies are disease spe-
cifi c; (b) the majority of autoantibodies detected are of the IgG class, which is 
suggestive of an antigen-dependent T-cell help [ 4 ]; (c) autoimmune responses are 
mainly polyclonal and target multiple epitopes within the same or interacting autoan-
tigens [ 4 ]; and (d) immunization of experimental animals with fragments of the auto-
antigens results in intra- and intermolecular spreading of the immune response, similar 
to that observed after immunization with foreign antigens [ 5 ,  6 ]. 

 Epithelial cells, which are key regulators of local autoimmune responses in SS, 
may also be implicated in the development of humoral autoimmune responses by 
releasing autoantigens in apoptotic bodies or exosomes [ 1 ,  7 ,  8 ]. To date, several 
antibodies against autoantigens have been described in SS; some of them have been 
proved valuable for disease diagnosis, whereas others are the still under further 
investigation. 

 The main autoantibodies in SS and their clinical signifi cance in disease diagno-
sis, prognosis, and patient classifi cation, as well as laboratory markers with predic-
tive value for disease outcome, are discussed in the following pages and summarized 
in Table  21.1 .

21.2        Autoantibodies and Clinical Phenotypes 

21.2.1     Anti-Ro/SSA and Anti-La/SSB Autoantibodies 

 The autoimmune response against the Ro/La heterogeneous ribonucleoprotein 
(RNP) complex characterizes SS and constitutes a diagnostic marker according to 
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the American-European classifi cation criteria [ 9 ]. The Ro/La RNP complex includes 
four small hY RNAs (human cYtoplasmic RNAs), known as hY1, hY3, hY4, and 
hY5 RNAs, and the Ro52/TRIM21, Ro60/TROVE2, and La/SSB proteins, with the 
latter directly interacting with hY RNA. 

 Ro52 (also known as TRIM21) is a member of the tripartite motif (TRIM) fam-
ily. Two main functions have been attributed to Ro52/TRIM21 molecule. First, it 
acts as an Fc-receptor mediating intracellular antiviral immunity and the decoy of 
antibody-mediated pathogens [ 10 ,  11 ]. Second, it has been identifi ed as an E3 
ubiquitin- protein ligase [ 12 ]. Ro52/TRIM21 has been implicated in the regulation 
of cell proliferation and apoptosis and in the regulation of TLR signaling with sub-
sequent IFN production [ 13 ]. Besides, Ro60/TROVE2 and La/SSB are RNA- 
binding proteins involved in the quality control of nascent transcripts. The 
ring-shaped Ro60/TROVE2 participates in the recognition and degradation of 

   Table 21.1    Prevalence of autoantibodies in SS patients and associations with disease features   

 Autoantibodies against  Prevalence (%)  Clinical associations 

 Ro/SSA  33–74  Younger age at diagnosis 

 Exocrine gland hypofunction 

 Severe infi ltration of salivary glands 

 La/SSB  23–52  Parotid gland enlargement 

 Systemic extraglandular manifestations 

 Hypergammaglobulinemia/cryoglobulinemia 

 Neonatal lupus congenital heart block 

 Antinuclear 
antibodies (ANA) 

 59–85  Parotid gland enlargement 

 Systemic extraglandular manifestations 

 Hypergammaglobulinemia 

 Rheumatoid factor  36–74  Younger age at diagnosis 

 Positive salivary gland biopsy 

 Parotid gland enlargement 

 Systemic extraglandular manifestations 

 Articular involvement 

 Cryoglobulins  9–15  Lymphomagenesis 

 Younger age at diagnosis 

 Parotid gland enlargement 

 Systemic extraglandular manifestations 

 ↓ C3/C4, monoclonal gammopathy 

 Centromere (ACA)  4–27  Overlap with systemic sclerosis 

 Milder disease, with higher risk for lymphoma 

 Cyclic citrullinated 
peptides (anti-CCP) 

 3–10  Articular involvement 

 Mitochondria (AMA)  1.7–27  Primary biliary cirrhosis 

 Muscarinic 3 receptor  11  Sicca symptoms 

 Carbonic anhydrases  12.5–20.8  Renal tubular acidosis 

 Smooth muscle  30–62  Autoimmune hepatitis 
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misfolded/defective RNAs [ 14 ]. Ro60/TROVE2 has also been shown to promote 
cell survival after ultraviolet (UV) irradiation, possibly by assisting the decay of the 
UV-induced damaged RNA [ 15 ]. La/SSB has been involved in diverse aspects of 
RNA metabolism: (a) it chaperones or binds to precursor RNA molecules, in order 
to protect them from nuclease-mediated decay and to facilitate their correct process-
ing, folding, and maturation by specifi c ribonucleases [ 16 ]; (b) it regulates the 
expression of micro-RNAs (miRNAs) by protecting and stabilizing the pre- miRNAs 
from nuclease activity [ 17 ];(c) it has been implicated in the enhancement of cap- 
independent translation of viral or human mRNAs that contain internal ribosome 
entry sites (IRES);(d) it is involved in effi cient RNAi, antiviral defense, and trans-
poson silencing by facilitating the release of cleaved mRNA from the RNA-induced 
silencing complex (RISC) and thus promoting the multiple-turnover of RISC catal-
ysis; and (e) it regulates cell proliferation and tumor progression by promoting the 
IRES-dependent translation of the cyclin D1 (CCND1) protein [ 16 – 18 ]. 

 The major antigenic regions of Ro52/TRIM21, Ro60/TROVE2, and La/SSB 
proteins have been extensively studied (reviewed in [ 19 ]). The antigenic peptide 
190-245aa, residing in the middle coiled-coil region of Ro52/TRIM21 protein, is 
recognized in the vast majority of anti-Ro52-positive patients. The main B-cell epi-
topes for Ro60/TROVE2 reside in the central part of the protein (181–320aa, 139–
326aa, and 155–295aa), as well as in the areas defi ned by the spanning amino acids 
216–245, 169–190, and 211–232 [ 19 ]. The 169–190aa epitope has been primarily 
associated with systemic lupus erythematosus (SLE), while the 211–232aa epitope 
with SS. B-cell responses to La/SSB autoantigen are mainly directed against the 
peptides 147–154aa, 291–302aa, 301–318aa, and 349–364aa [ 19 ]. 

 Historically, the term “anti-Ro/SSA antibodies” has been used to describe auto-
antibodies reacting with the nonhomologous Ro52/TRIM21 and/or Ro60/TROVE2 
proteins, respectively, without distinguishing between the two specifi cities [ 20 ]. 
Depending on detection method, anti-Ro/SSA antibodies have been described in 
33–74 % of SS patients, whereas anti-La/SSB in 23–52 % [ 21 – 25 ]. Autoantibodies 
against both Ro52/TRIM21 and Ro60/TROVE2 proteins can coexist in a signifi cant 
proportion of patients, but they can also be found alone [ 26 ]. Anti-Ro52/TRIM21 
seems to be the most common specifi city in patients with SS (66.7 %) compared to 
anti-Ro60/TROVE2 (52.1 %) [ 13 ,  27 ]. In the vast majority of SS patients,  anti-Ro/
SSA and anti-La/SSB positivity is detectable at diagnosis and remains unaltered 
during the follow-up [ 24 ,  28 ,  29 ]. 

 Detection of anti-Ro/SSA and anti-La/SSB autoantibodies in patients’ sera has 
been correlated with early disease onset, severe exocrine gland hypofunction, posi-
tive salivary gland biopsy, recurrent or permanent parotid gland enlargement, and 
severe ocular involvement [ 21 ,  23 – 25 ,  30 – 32 ]. Furthermore, they are associated 
with extensive lymphocytic infi ltration and development of ectopic germinal cen-
ters in the lesions of minor salivary glands. A higher prevalence of extraglandular 
systemic manifestations, including cutaneous vasculitis, renal involvement, periph-
eral neuropathy, leukopenia and thrombocytopenia, and Raynaud’s phenomenon, 
was observed in SS patients with anti-Ro/SSA and/or anti-La/SSB when compared 
to seronegative patients [ 3 ,  21 ,  23 ,  31 ,  33 ]. Anti-La/SSB antibody positivity has also 
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been associated with pulmonary involvement [ 25 ]. Moreover, anti-Ro/La antibodies 
in SS patients have been correlated to other laboratory markers, such as antinuclear 
antibodies (ANA), rheumatoid factor (RF), hypergammaglobulinemia, and cryo-
globulins [ 22 ,  23 ]. 

 One of the major implications of anti-Ro/SSA and anti-La/SSB autoantibodies is 
the development of neonatal lupus syndrome (NLS), where they are considered to 
have direct pathogenic role. In this syndrome, maternal anti-Ro/SSA and/or anti-La/
SSB autoantibodies transplacentally pass to the fetal circulation causing injuries to 
several organs, mainly the skin and heart. NLS may present with a photosensitive 
annular transient skin rash, reversible alteration of hematological and hepatic func-
tion, as well as irreversible cardiac disease, the major fi nding of which is heart block 
with or without cardiomyopathy [ 34 ]. Complete heart block occurs in nearly 2 % of 
children born to mothers with anti-Ro/SSA antibodies. Interestingly, the develop-
ment of the NLS seems to be regulated by the development of an idiotypic/anti- 
idiotypic network of antibodies. According to idiotypic-anti-idiotypic network 
theory, the antibodies recognizing a specifi c epitope on an antigen are also capable 
to induce an immune response against them, which in turn leads to the production 
of anti-idiotypic antibodies that neutralize the former antibodies [ 35 ]. Indeed, using 
complementary peptides to the major epitope of La/SSB, spanning the 349–364aa 
of the protein, our groups have shown that the sera of patients with SS contain an 
active idiotypic/anti-idiotypic network of the La/SSB autoantigen and a substantial 
number of anti-La/SSB responses are blocked and hidden in the conventional 
immunoassays, by the anti-idiotypic antibodies [ 36 ]. Furthermore, anti-La/SSB-
positive mothers who gave birth to a healthy child had higher titers of anti-idiotypic 
antibodies in their sera, compared with mothers who gave birth to a child with NLS, 
suggesting that anti-idiotypic antibodies may be protective, most probably by bind-
ing to pathogenic anti-La/SSB antibodies, thereby blocking their entrance in the 
fetal circulation [ 36 ]. 

 Although it is considered that the development of humoral responses against the 
Ro52/TRIM21, Ro60/TROVE2, and La/SSB autoantigens is governed by typical 
antigen-driven immune responses, the exact mechanisms mediating their generation 
and the sites of production are not delineated. Anti-Ro/SSA and/or anti-La/SSB 
responses have been associated with certain HLA alleles, including HLA-A1, HLA-
B8, HLA-DR2, HLA-DR3, HLA-DQ1, and HLA-DQ2 [ 31 ,  37 – 39 ]. In a multi-
center European study, anti-Ro/SSA and anti-La/SSB autoantibodies were 
associated with HLA-DRB1*03 and HLA-DQB1*02, as well as HLA-
DQA1*0501 in patients with autoantibodies to the p301-318, p291-302, and p147-
154 La/SSB B-cell epitopes [ 31 ]. Recently, high-resolution HLA analysis revealed 
that anti-Ro/SSA positivity was associated with HLA-B*51:01 and HLA-
DRB1*03:01 alleles, whereas anti-La/SSB with HLA-A*01:01 allele was associ-
ated with positivity [ 40 ]. 

 Although the sites of autoantibody formation are not known, the affected salivary 
glands most likely serve as such, as indicated by the following: (a) lymphocytic 
infi ltrates in approximately 20 % of SS patients form germinal center-like aggre-
gates in the salivary glands and contain autoreactive B cells; (b) the saliva of SS 
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patients contains high levels of IgG, as well as anti-Ro/SSA and anti-La/SSB auto-
antibodies; (c) many of the infi ltrating plasma cells contain intracytoplasmic immu-
noglobulins with anti-Ro/SSA activity; and (d) the autoantigens are overexpressed 
in the salivary gland epithelia of SS patients, whereas they translocate to the cyto-
plasm and the cellular membrane during ductal cell apoptosis [ 33 ,  41 – 46 ]. 

 The epithelial expression of autoantigens is considered to have a key role in the 
development of anti-Ro/SSA and anti-La/SSB responses. Epithelial cells are 
thought to participate in the exposure of Ro52/TRIM21, Ro60/TROVE2, and La/
SSB autoantigens in SS through the release of autoantigen-loaded apoptotic blebs 
[ 41 ,  47 ] or exosomes [ 8 ]. The epithelial capacity to regulate B-cell survival and dif-
ferentiation [ 1 ] and the epithelial expression of the autoantigens acquire particular 
signifi cance in the pathogenesis of SS. Recently, our group has shown that TLR3 
signaling regulates the expression and distribution of Ro52/TRIM21 in salivary 
gland epithelial cells, partially through the production of IFNβ [ 48 ]. Furthermore, 
the disregulated expression of miR16, miR200b-3p, miR223, and miR483-5p that 
are thought to target Ro52/TRIM21, Ro60/TROVE2, and La/SSB mRNAs in SS 
suggests that miRNAs may also be implicated in the regulation of autoantigen 
expression in SS [ 49 ]. The pivotal role of epithelial cells in autoantibody production 
has been recently confi rmed in an experimental mouse model lacking the transcrip-
tional regulator IκB-ζ [ 50 ]. The IκB-ζ-defi cient mice, which are prompted to epithe-
lial apoptosis, were found to spontaneously develop an SS-like infl ammation, 
manifested as dacryoadenitis associated with the development of lymphocytic infi l-
trates in the affected tissue and production of high titers of the SS-associated auto-
antibodies Ro/SSA and La/SSB. This phenotype was found to specifi cally correlate 
with increased apoptosis of epithelial, but not immune, cells, demonstrating the 
signifi cance of epithelial cells in autoimmune humoral responses.  

21.2.2     Antinuclear Antibodies (ANA) 

 Up to 85 % of SS patients has antinuclear antibodies (ANA), which similarly to anti-
Ro/SSA and anti-La/SSB autoantibodies, are detectable at diagnosis and do not 
change thereafter [ 21 – 25 ,  28 ]. Positivity for ANA has been associated with parotid 
gland enlargement; systemic extraglandular manifestations; such as Raynaud’s phe-
nomenon, cutaneous vasculitis, articular and renal involvement, fever, adenopathies, 
and cytopenias; as well as various laboratory markers, including hypergammaglobu-
linemia, positive RF, and anti-Ro/SSA, anti-La/SSB, and antiphospholipid antibod-
ies [ 21 ,  23 ,  25 ,  51 ].  

21.2.3     Rheumatoid Factor 

 Rheumatoid factors (RF) are antibodies directed against the Fc portion of IgG immu-
noglobulin. RF is detected in the sera of 36–74 % of patients with primary SS [ 21 – 25 , 
 52 ,  53 ]. In the majority of SS patients, RF is detected at diagnosis, but its prevalence 
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tends to increase during the follow-up [ 24 ,  28 ,  53 ]. RF positivity is associated with 
younger age and positive salivary gland biopsy, as well as other serologic features, 
such as anti-Ro/SSA and anti-La/SSB autoantibodies, ANA, cryoglobulins, hypo-
complementemia, and hypergammaglobulinemia [ 22 – 25 ,  51 ]. Both the presence and 
the titers of RF have been positively correlated with extraglandular manifestations of 
SS, such as articular manifestations, cutaneous vasculitis, salivary gland enlargement, 
cytopenias, Raynaud’s phenomenon, renal involvement, and central nervous system 
involvement [ 22 ,  23 ,  25 ].  

21.2.4     Cryoglobulins 

 Cryoglobulins are immunoglobulins that become reversibly insoluble in tempera-
tures below normal body temperature and undergo precipitation, whereas they 
redissolve at 37 °C. They are classifi ed in three types: type I which is composed by 
a single monoclonal immunoglobulin (usually IgM); type II by a polyclonal compo-
nent, usually IgG, and a monoclonal component, usually IgM or IgA; and type III 
by polyclonal IgM and IgG molecules. Often, type II and type III cryoglobulins 
have RF activity. Cryoglobulins are associated with various lymphoproliferative 
diseases, viral infections, and autoimmune diseases, including SS. They are found 
in 9–15 % of SS patients, and although they are often present at diagnosis, their 
prevalence increases during the follow-up [ 21 ,  24 ,  25 ,  28 ]. The detection of cryo-
globulins outlines a high risk for poor disease outcome and lymphomagenesis [ 28 , 
 54 ,  55 ]. Cryoglobulins have also been correlated with younger age at diagnosis; 
parotid gland enlargement; cytopenias and extraglandular features, such as 
Raynaud’s phenomenon, vasculitis, renal involvement, peripheral neuropathy, and 
lymphoma; as well as other serologic markers including RF, anti-Ro/SSA antibod-
ies, hypocomplementemia, and monoclonal gammopathy [ 23 – 25 ].  

21.2.5     Anti-centromere Antibodies (ACA) 

 The anti-centromere antibodies (ACA) are often observed in patients with the limited 
form of systemic sclerosis (SSc). They usually recognize the CENP-A (17 kDa), 
CENP-B (80 kDa), and CENP-C (140 kDa) centromere proteins, even though activ-
ity against the 50 kDa CENP-D, the 312 kDa CENP-E, the 400 kDa CENP-F, the 
95 kDa CENP-G, and the 28 kDa CENP-H has also been described. The prevalence 
of ACA in SS patients is 4–27 % [ 56 – 61 ]. The pattern of CENP recognition differs 
signifi cantly between pSS and SSc, with the majority of pSS sera recognizing 
CENP-C alone (70 % of SS vs. 6 % of SSc) and the majority of SSc sera recognizing 
both CENP-B and CENP-C (83 % of SSc vs. 0 % of SS) [ 62 ]. ACA-positive patients 
with SS seem to comprise a distinct clinical subgroup, characterized by overlapping 
clinical manifestations with systemic sclerosis and milder disease compared to ACA-
negative SS patients or patients with systemic sclerosis. Compared to ACA-negative 
SS patients, the ACA-positive patients had a higher mean age at disease onset and a 
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greater prevalence of Raynaud’s phenomenon; keratoconjunctivitis sicca; peripheral 
neuropathy; concomitant autoimmune disorders, such as primary biliary cirrhosis; as 
well as risk for lymphoma. ACA-positive patients with SS presented lower rates of 
anti-Ro/SSA and anti-La/SSB antibodies, rheumatoid factor positivity, leukocytope-
nia, and hypergammaglobulinemia [ 58 ,  60 ,  61 ,  63 – 65 ].  

21.2.6     Anti-cyclic Citrullinated Peptides Antibodies (Anti-CCP) 

 The antibodies against cyclic citrullinated peptides (anti-CCP) are autoantibodies 
that are directed against peptides and proteins that are citrullinated. Although they 
are considered specifi c markers for the diagnosis of rheumatoid arthritis, their prev-
alence in SS patients has been estimated to range between 3 and 10 % [ 66 – 69 ]. 
Anti-CCP reactivity is correlated with nonerosive arthritis in SS patients, whereas 
there is a controversy about its association with joint synovitis [ 67 – 70 ]. A cohort 
study including 405 patients with primary SS revealed that 52.6 % of the patients 
with positive anti-CCP antibodies developed RA during a 60-month follow-up, 
compared to none of the anti-CCP-negative SS group [ 71 ], suggesting that anti-
CCP- positive SS patients may develop RA. Interestingly, it has been reported that 
patients with anti-CCP antibodies, with SS and nonerosive arthritis, might fulfi ll the 
ACR classifi cation criteria for RA [ 67 ,  68 ].  

21.2.7     Antimitochondrial Antibodies (AMA) 

 Antimitochondrial antibodies (AMA) mainly recognize the ketoacid dehydrogenase 
multiprotein complex consisting by three major antigens, namely, pyruvate dehy-
drogenase (PDH), branched-chain ketoacid dehydrogenase (BCKD), and ketogluta-
rate dehydrogenase (OGD). This complex is responsible for catalyzing the oxidative 
decarboxylation of ketoacids [ 72 ]. AMA characterize primary biliary cirrhosis 
(PBC), with the 74 kDa E2-subunit of the pyruvate dehydrogenase complex to be 
the predominant autoantigen in 95 % of all North American and European PBC sera 
[ 72 ]. Sicca symptoms have a high prevalence (up to 81 %) among PBC patients, and 
liver involvement associated with AMA positivity might be observed in patients 
with SS [ 28 ,  73 – 75 ]. AMA are present in 2–27 % of SS patients, depending on the 
diagnostic method employed [ 76 ]. AMA positivity in SS patients has been associ-
ated with liver involvement, Raynaud’s phenomenon, peripheral neuropathy, and 
hypergammaglobulinemia [ 76 ]. The histopathologic profi le of liver and salivary 
gland lesions is comparable. In both disorders, the tissue lesion is characterized by 
periductal lymphocytic infi ltrates, which primarily consist of CD4 +  T cells. 
Moreover, in both conditions, the histopathologic lesions present slow or no pro-
gression during disease course [ 73 ,  77 ], whereas the epithelial cells seem to be the 
“infl amed tissue,” supporting the notion of “autoimmune epithelitis” [ 1 ].  
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21.2.8     Antibodies to Muscarinic Receptors 

 Muscarinic receptors (MRs) are acetylcholine receptors that form G protein- 
coupled receptor complexes in the plasma membranes of certain neurons or other 
cells. Numerous functions have been described, the most noteworthy being their 
function as the main receptors stimulated by acetylcholine released from post-
ganglionic fi bers in the parasympathetic nervous system [ 78 ,  79 ]. Muscarinic 
receptors received their name from their higher affi nity to muscarine than to 
nicotine and have been further categorized in fi ve subgroups (M1R-M5R) 
depending on their reactions with several selective agonists and antagonists. 
From these muscarinic receptors, M3R has a fundamental role in the parasympa-
thetic regulation of saliva secretion [ 80 ]. Anti-M3R autoantibodies in SS sera 
mainly target the second extracellular loop of M3R. Their presence has been 
correlated to decreased saliva production, possibly associated with direct block-
ade of neurotransmission or inhibition of aquaporin 5 traffi cking [ 81 – 86 ]. 
However, the poor detection capacity of conventional immunologic techniques 
impeded the evaluation of their diagnostic utility and possible associations with 
clinical features in SS [ 87 ,  88 ].  

21.2.9     Antibodies to Carbonic Anhydrases 

 Carbonic anhydrases comprise a family of enzymes that catalyze the conversion 
of carbon dioxide and water to bicarbonate and protons and vice versa. They are 
classifi ed as metalloproteases, since their active site contains a zinc ion and they 
are mainly involved in the regulation of acid-base balance in the blood and other 
tissues and in aiding carbon dioxide transport out of tissues. Thirteen isoen-
zymes of carbonic anhydrase have been described in mammals [ 89 ]. 
Autoantibodies targeting carbonic anhydrase II (anti-CAII) have been described 
in the serum of patients with various conditions, such as renal disease, cancer, 
and several autoimmune diseases. In SS, they have been detected in up to 20 % 
of patients [ 89 – 91 ]. Although their role is not clear, the expression of anti-CAII 
antibodies has been associated with distal renal tubular acidosis in SS patients 
[ 92 ], whereas intradermal immunization of PL/J mice with human carbonic 
anhydrase II provoked the development of autoimmune sialadenitis, suggesting 
that anti-CAII antibodies may have a role in SS pathogenesis [ 93 ]. Furthermore, 
higher levels of autoantibodies to carbonic anhydrases I, II, VI, and VII were 
found in the sera of SS patients compared to controls [ 89 ]. Autoantibodies to 
other carbonic anhydrases rather than CAII were not correlated with renal tubu-
lar acidosis or proteinuria. However, levels of anti-CA II, VI, and XIII antibod-
ies correlated signifi cantly with urinary pH, and inversely with serum sodium 
concentrations, suggesting a possible implication in renal acidifi cation 
capacity [ 89 ].  

21 Autoantibodies in Sjögren’s Syndrome and Laboratory Markers



302

21.2.10     Anti-smooth Muscle Antibodies (ASMA) 

 Anti-smooth muscle antibodies (ASMA) recognize various elements of the cytoskel-
eton, including actin, microfi laments, microtubules, or intermediate fi laments [ 94 ]. 
They are usually detected in patients with type 1 autoimmune hepatitis in association 
with ANA positivity [ 95 ]. The prevalence of autoimmune hepatitis in patients with 
pSS is rather low (1.7–4 %) [ 96 ,  97 ], whereas ASMA have been described in the sera 
of 30–62 % of patients with SS [ 21 ,  98 ,  99 ]. ASMA have been associated with the 
development of autoimmune hepatitis, and they possibly have a prognostic value for 
liver disease in SS [ 30 ,  96 ,  98 ]. Furthermore, higher levels of ASMA have been 
found in SS patients with bronchiectasis compared to those without [ 100 ].  

21.2.11     Other Autoantibodies 

 Several other autoantibodies have been implicated in SS, without clear associations 
and contradictory results from diagnostic and clinical perspectives. Autoantibodies 
directed against alpha-fodrin, an intracellular, actin-binding, organ-specifi c protein 
of the cytoskeleton, were involved in the pathogenesis of murine models of Sjögren’s 
syndrome and were initially described as a highly specifi c and sensitive marker for 
the diagnosis of SS [ 101 ]. However, subsequent studies failed to confi rm the asso-
ciation in humans [ 102 ]. Recently, antibodies to salivary gland protein 1 (SP1) have 
been described in an animal model and patients with SS; however, their diagnostic 
or clinical value remains to be validated [ 103 ,  104 ].   

21.3     Laboratory Markers and Clinical Associations 

 Beside cryoglobulins, several laboratory, clinical, and histologic parameters have 
been shown to serve as predictors of adverse outcome and future lymphoma devel-
opment in SS. Other clinical parameters that have been reported to predict lympho-
magenesis include lymphadenopathy, parotid gland enlargement, palpable purpura, 
and splenomegaly [ 28 ,  55 ,  105 ,  106 ]. Furthermore, the formation of germinal 
center- like structures in the salivary gland lesions, as well as the infi ltration by cer-
tain cell types, such as macrophages, has been recognized as predictors of lympho-
magenesis [ 2 ,  105 ,  107 ]. 

 Lymphopenia and neutropenia, as well as low serum C4 and C3 levels, have been 
described to predict the development of lymphoma [ 28 ,  55 ,  105 ,  106 ]. C4 hypo-
complementemia is the most consistent adverse prognostic factor for lymphoma in 
SS. C4 hypocomplementemia also correlates with peripheral neuropathy, cutaneous 
vasculitis, RF, cryoglobulins, as well as increased mortality [ 108 ]. Finally, anemia, 
lymphocytopenia, thrombocytopenia, hypergammaglobulinemia, the presence of 
monoclonal serum proteins, and cryoglobulinemia have been associated with the 
presence of extraglandular symptoms, such as palpable purpura, lymphadenopathy, 
and splenomegaly [ 55 ].  
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21.4     Summary 

 Sjögren’s syndrome is characterized by intense humoral autoimmune responses 
against a variety of intracellular autoantigens. The mainly involved autoantigens are 
protein components of the Ro/La ribonucleoprotein complex. Anti-Ro/La antibod-
ies have a crucial diagnostic utility in SS. They have been associated with early 
disease onset, severe dysfunction/destruction of the glands, and extraglandular 
manifestations. Other autoantibodies might be detected in patients with SS. The 
presence of cryoglobulins identifi es patients with adverse prognosis and at a higher 
risk of future lymphoma development. Anti-CCP autoantibodies are associated with 
articular involvement; ACA characterize a subset of patients with overlapping fea-
tures between pSS and SSc, whereas AMA and ASMA are associated with liver 
involvement (PBC and autoimmune hepatitis, respectively). 

 Finally, several other clinical, histologic, and laboratory parameters have been 
suggested to have a predictive value for disease severity and future lymphoma 
development, to include lymphadenopathy, complementemia, parotid gland enlarge-
ment, palpable purpura, and splenomegaly.     
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22.1             Introduction 

 Sjögren’s syndrome (SS) is a chronic autoimmune condition characterized by 
diminished lacrimal and salivary gland function with associated lymphocytic infi l-
trates of the affected glands. SS may occur in a primary form when it is not associ-
ated with other autoimmune disorders or in a secondary form when it complicates 
another underlying rheumatic disease. Among others, rheumatoid arthritis and sys-
temic lupus erythematosus are the most common diseases associated with SS. 

 Reduced exocrine gland function is the main pathogenic mechanism underlying 
the principal clinical manifestations of SS, such as a combination of dry eyes (kera-
toconjunctivitis sicca [KCS]) and dry mouth (xerostomia) [ 1 ,  2 ]. 
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 For classifi cation purposes, the clinical manifestations of SS are usually divided 
into the exocrine gland features and the extraglandular disease features [ 3 ]. Indeed, 
a wide variety of extraglandular manifestations can occur in SS and they are 
described elsewhere in this book. 

 A retrospective analysis including 80 patients with primary SS with a long fol-
low- up period (median follow-up more than 7 years) showed that KCS and xerosto-
mia occurred in all patients and were the only disease manifestations in 31 % of the 
patients. Other manifestations included extraglandular involvement in 25 %, while 
non-Hodgkin lymphoma developed in 2.5 % [ 3 ]. 

 Various classifi cation criteria have been proposed to defi ne and characterize SS 
[ 4 – 6 ]. The 2002 American–European Consensus Group (AECG) classifi cation cri-
teria was the most commonly used classifi cation tool following publication. 
However, in 2012, another set of criteria was proposed by the American College of 
Rheumatology (ACR) that differed from the AECG criteria in several points, includ-
ing the exclusion of subjective ocular or oral dryness from the ACR criteria set and 
the lack of a distinction between primary and secondary SS [ 6 ]. Thus, differences in 
estimates of the frequency and severity of various clinical manifestations may be 
observed and are related to the criteria that were used to identify the patients in the 
analysis [ 6 ,  7 ] (Figs.  22.1  and  22.2 ).

    The main signs of exocrine gland involvement are dry eyes (keratoconjunctivitis 
sicca) and dry mouth (xerostomia), but other manifestations may also be seen. The 
ocular symptoms of dry eyes mainly include irritation, grittiness, and a foreign body 
sensation, and they are described separately in this book.  

22.2     Oral Symptoms and Signs 

22.2.1     Xerostomia 

 The effects of SS on the oral cavity result from chronic salivary hypofunction. Dry 
mouth or xerostomia is a common symptom, particularly in older adults [ 8 ], but 
objective evidence of reduced salivary fl ow is less frequent [ 9 ]. It is described as 
dryness of the mouth that makes swallowing of food and even talking diffi cult 
owing to the dryness of the buccal mucosa. However, a dry mouth is not necessarily 
painful. A sudden development of pain in the mouth suggests a differential diagno-
sis with angular chellitis or erythematous petechial-type lesions on the palate 
(commonly under dentures); such fi ndings suggest oral candidosis. However, one 
should keep in mind that the onset of these conditions may be triggered by dryness 
of the mouth itself [ 10 ]. Similarly, xerostomia increases the rate of dental caries and 
periodontal complications and may often be associated with a decrease in the sense 
of taste and a change in oral fl ora [ 11 – 13 ]. 

 The pathogenic mechanisms causing xerostomia in SS are described in Chap.   20    . 
For the purpose of this chapter, it is worth noting that the histological features of 
parotid and submandibular involvement include extensive lymphocytic infi ltration, 
accompanied by glandular and ductal atrophy. This lymphocytic infi ltration is 
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organized in germinal center-like structures [ 14 ]. However, most biopsy samples 
from patients with SS show that dryness of the mouth cannot simply be attributed to 
the total destruction of the gland. The residual glandular elements in the salivary 
gland appear dysfunctional even though they maintain their neural innervation and 
upregulation of their muscarinic receptors.  

22.2.2     Salivary Gland Enlargement 

 Salivary gland enlargement is common and occurs in 30–50 % of patients with SS at 
some point during the course of the disease. The parotid, submandibular, and other 
salivary glands may all undergo hypertrophy in SS. Upon physical examination, the 
glands are non-tender, and enlargement is fi rm and diffuse. These changes are most 
obvious in the parotid glands, but the submandibular glands may be affected to the 
same degree. Salivary gland enlargement may be either chronic or episodic, with 
swelling followed by a reduction over a few weeks. A particularly hard or nodular 
gland may suggest a neoplasm, mainly a lymphoproliferative disease.   

  Fig. 22.1    Glandular parenchyma with lymphoplasmacellular infi ltrates, showing a reduction of 
acinar structures and intraepithelial lymphocytes (hematoxylin and eosin stain, 400×)       
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22.3     Diagnosis 

 Confi rmation that the symptoms of dryness are caused SS often requires a salivary 
gland biopsy. This procedure is performed routinely on an outpatient basis. However, 
salivary gland biopsy is not necessary in all patients. Primary SS is often associated 
with autoantibodies directed against either the Ro/SSA or La/SSB antigens (see 
Chap.   21    ). The combination of clinical features consistent with SS and the fi nding 
of anti-Ro/SSA or anti-La/SSB antibodies may generally preclude the need for sali-
vary gland biopsy. 

 Imaging investigation may enrich the diagnostic pathway for SS. It consists of 
several tools, including oral examination with sialography or a combination of 
sialometry (chewing gum test or Saxon test) and salivary scintigraphy. The oldest 
imaging procedure has maintained its position as sialography is still the method of 
choice for exploring the ductal system of the salivary glands because of its high 
diagnostic reliability [ 15 ]. 

 Since the 1990s, CT, MRI, MR sialography, and ultrasonography have also been 
used to diagnose SS. In the assessment of salivary gland involvement in SS, 

  Fig. 22.2    Immunostaining for CD20, showing B-cell lymphocytes with periductal disposition 
(200×)       
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ultrasonography of the major salivary glands warrants special attention as a nonin-
vasive, inexpensive, widely available, easily accessible, and non-irradiating imag-
ing modality [ 16 ]. Ultrasonography enables visualization of deep structures of the 
body by recording the refl ections or echoes of ultrasonic pulses directed into the 
tissues. Frequencies ranging from 1.6 to 22 MHz are used for diagnostic imaging. 
B-mode is the most widely used ultrasonography mode and the use of color 
Doppler sonography may contribute to increase the specifi city for glandular 
involvement [ 16 ,  17 ]. 

 However, it has also been reported that the sensitivity of the diagnosis of SS by 
ultrasonography ranges from 40 to 100 % and that it is not necessarily superior to 
other methods of examination with regard to diagnostic reliability [ 17 ]. A recent 
meta-analysis evaluating the diagnostic usefulness of ultrasonography for SS con-
cluded that available studies have a high risk of bias in “conduct and interpretation 
of ultrasound” and that studies evaluating parenchymal homogeneity alone have the 
best level degree of reproducibility. 

22.3.1     Salivary Gland Biopsy 

 Salivary gland biopsy is usually performed under three circumstances: presence of 
sicca syndrome, suspicion of SS, and suspicion of another systemic disease. 
Moreover, parotid biopsy is employed in the diagnosis of lymphoma arising in a 
patient with SS. 

 The accuracy of salivary gland biopsy is well established and focal sialoadenitis 
in minor salivary gland biopsy is one of the main criteria of the revised classifi cation 
criteria proposed by the American–European Consensus Group. Although the sub-
mandibular gland shows the most diagnostic alterations regarding salivary fl ow 
rates in SS, there are no studies reporting submandibular biopsy, likely due to the 
invasiveness of the procedure and to the need for general anesthesia. 

 Sublingual salivary gland biopsy is reported by a few authors [ 18 – 20 ]. Adam 
et al. [ 19 ] proposed biopsy of the sublingual gland because of the abundance of 
obtainable tissue [ 20 ]. Complications reported with sublingual salivary gland biopsy 
are scant and involve only swelling of the fl oor of the mouth. 

 Parotid biopsy is reported in several studies [ 21 – 23 ]; complications of this 
 procedure include a temporary change in sensation in the pre-auricular area, recov-
ering within 6 months. In experienced hands, sialocele and facial nerve damage are 
seldom reported.  

22.3.2     Differential Diagnosis 

 The differential diagnosis of xerostomia and enlarged parotid glands are shown in 
Boxes  22.1  and  22.2 , respectively.  
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  Box 22.2: Salivary Gland Enlargement 
    Usually unilateral  
  Acute

•    Bacterial infection  
•   Actinomycosis  
•   Obstruction     

  Chronic
•    Chronic sialadenitis  
•   Primary neoplasm (adenoma, adenocarcinoma, lymphoma, mixed sali-

vary gland tumors)     
  Usually bilateral  
  Acute

•    Acute viral infections (EBV, mumps, CMV, Coxsackie A virus)     
  Chronic

•    Chronic viral infections (HIV, HCV)  
•   IgG4-related sialadenitis  
•   Amyloidosis  
•   Granulomatous diseases (sarcoidosis, tuberculosis)  
•   HIV infection  
•   Hyperlipidemia  
•   Diabetes mellitus  
•   Alcoholism  
•   Malnutrition  
•   Acromegaly  
•   Anorexia and bulimia       

  Box 22.1: Dry Mouth 
    Systemic diseases

•    Amyloidosis  
•   Sarcoidosis  
•   Viral infection (e.g., HIV and HCV)     

  Drugs
•    Antidepressants  
•   Antihistamines  
•   Anticholinergics  
•   Diuretics  
•   Neuroleptics     

  Psychogenic
•    Anxiety     

  Radiation therapy  
  Dehydration    
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  Dryness in patients with neurological conditions such as Alzheimer’s disease or 
multiple sclerosis has been associated with a dysfunction of the subcortical white 
matter that signals the lacrimatory and salivatory nuclei [ 24 ]. The so-called dry 
burning mouth sensation has often been described in association with depression 
and anxiety [ 24 ], as a result of possible cortical factors to the functional circuit that 
regulates glandular function and the cortical sensation of dryness. 

 A sudden onset of swelling of a single gland suggests infection, and the presence 
of swollen glands or lymphadenopathy raises the possibility of lymphoma, a pro-
cess that is much more frequent in patients with SS than in the general population. 
Indeed, lymphoproliferative disease is a particular concern in SS because the risk of 
lymphoma is 40 times greater than in the general population.   

22.4     Complications 

 Patients may complain directly of oral dryness or of complications such as dyspha-
gia, adherence of food to buccal surfaces, problems with dentures, changes in taste, 
or an inability to eat dry food or to speak continuously for long periods. 

 Chronic xerostomia resulting from parotid and submandibular involvement may 
result in a number of complications, including: dental caries (affecting up to 65 % 
of SS patients [ 25 ]), gingival recession [ 26 ], oral candidiasis (affecting up to 40 % 
of patients with SS [ 27 – 29 ]), and other types of oral infections such as bacterial 
infections of Stensen’s duct. 

 Moreover, laryngotracheal refl ux due to decreased salivary fl ow may occur, which 
may lead to frequent throat clearing, cough, substernal pain, and nocturnal awaken-
ing that simulate panic attacks [ 30 ,  31 ]. The absence of the normal gastric acid buffer 
related to decreased salivary fl ow and of refl ux of gastric acid into the esophagus and 
trachea result in laryngotracheal refl ux and chronic esophagitis. Finally, weight loss, 
due to diffi culty with chewing and swallowing, may be present.  

    Conclusion 
 Parotid and submandibular involvement is present in virtually all patients with 
SS, and salivary gland enlargement may be either chronic or episodic. It most 
often affects the parotid glands, but the submandibular glands may be similarly 
involved. They are usually fi rm, diffuse, and not painful on physical examina-
tion. The presence of features such as a hard or nodular gland requires ruling out 
any underlying lymphoproliferative disease.     
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23.1             Introduction 

 Although primary Sjögren’s syndrome (pSS) mainly affects the exocrine glands, 
resulting in a wide range of disturbing sicca symptoms (such as dry mouth, dry 
eyes, xerotrachea, dry vagina), extraglandular disease manifestations also occur in a 
non-negligible percentage of patients. 

 As a matter of fact, more than two-thirds of patients present systemic features 
[ 1 – 3 ] which are severe in about 10–20 % [ 4 – 8 ]. A comparison of the prevalence of 
extraglandular manifestations in several pSS cohorts reveals substantial variability 
which can be linked to disparities in the specifi c study populations, recruitment 
sources, classifi cation criteria used for pSS, and methods for assessing and defi ning 
such complications (Table  23.1 ).   

 The spectrum of pSS may therefore range from a benign, slowly progressive, 
autoimmune exocrinopathy to a heterogeneous and potentially fatal systemic disor-
der characterized by an increased risk of non-Hodgkin’s lymphoma (NHL). In some 
patients the disease starts with nonspecifi c manifestations such as arthralgias, 
Raynaud’s phenomenon, purpura, or other uncommon systemic manifestations [ 9 ]. 
Longer disease duration and younger age at diagnosis are associated with severe 
extraglandular pSS complications. It seems that the presence of multiple serological 
markers, such as low C3/C4, hypergammaglobulinemia, cryoglobulins, and 
rheumatoid factor positivity can help in the early identifi cation of patients prone to 
present non-exocrine manifestations [ 7 ,  10 ,  11 ]. Similarly, a high focus score for 
ectopic and germinal center formation in minor salivary glands, which occurs in 
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about one-quarter of patients with pSS, is associated with more severe disease and 
the risk of developing lymphoma [ 12 – 16 ]. All these features can be useful aids for 
screening possible candidates to more aggressive treatment. 

 Several attempts have been made to draft a sound classifi cation system for the 
disease features that would be useful for patient monitoring and scientifi c communi-
cation as well as for distinguishing clinically relevant disease subsets. Clinical mani-
festations can be classifi ed as glandular and extraglandular [ 17 ], or more accurately, 
taking the concept of autoimmune epithelitis into account [ 18 ], into exocrine and 
non-exocrine, and thereafter assembled into subgroups (Fig.  23.1 ) [ 19 ,  20 ].

   More simply, systemic manifestations can be divided into four groups: non specifi c, 
those caused by the extension of lymphocytic infi ltration into parenchimal organs, 
those immune complexes mediated and lymphoproliferative complications [ 9 ].  

23.2     Constitutional Signs and Symptoms 

 Constitutional symptoms such as chronic fatigue, sleep disturbance, low-grade 
fever, myalgias, and widespread pain are frequent and can have a negative impact 
on the patients’ daily life. As a matter of fact, pSS patients experience signifi cant 
functional disability compared to age-matched healthy controls [ 21 ]. Fatigue, 
tiredness, and widespread pain are, without a doubt, among the most common 
symptoms in pSS and are reported by 68–85 % of patients [ 22 – 25 ]. Their 
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underlying mechanisms are still unknown. An association between fi bromyalgia 
(FM) and SS has been reported, though with confl icting evidence [ 25 – 28 ], while 
others have described mild histopathological signs of myositis in patients affected 
by SS [ 29 ]. Psychosocial variables are determinants of fatigue, but only partially 
account for it, and the relationship between fatigue and depression in pSS is not 
clear [ 30 ]. Lastly, some authors have hypothesized that fatigue, widespread pain, 
anxiety, and depression, so frequently affecting SS patients, may be explained by 
autonomic nervous system disturbances [ 31 ]. Patients describe their fatigue as an 
ever-present, fl uctuating, and non-relievable lack of vitality [ 32 ]. 

 Sleep disturbances and excessive daytime sleepiness have been reported in 
patients with pSS [ 33 – 36 ] related to a wide spectrum of causes: fi bromyalgia, mood 
disorders, muscle and joint pain, night sleep restriction linked to the need to awake 
up and drink water because of the xerostomia, restless leg symptoms, and a con-
comitant obstructive sleep apnea syndrome (OSAS), which has been reported with 
a higher prevalence in pSS patients [ 37 – 40 ]. Fever has been reported in 6–41 % of 
pSS cases, more often at onset in those with neurological involvement or other 
extraglandular features [ 41 ,  42 ].  

23.3     Neurological Manifestations 

 Nervous system complications are part of the clinical spectrum of pSS and can be 
peripheral or, to a lesser extent, central. The prevalence of neurological involvement 
is controversial mainly because of differences in the methodological approach used 
to assess it and in the criteria adopted to classify patients; however, it ranges between 
11 and 70 %. Neurological manifestations can precede pSS diagnosis, thus repre-
senting a diagnostic challenge in the absence of other clear symptoms [ 43 ,  44 ]. 

 While peripheral nervous system (PNS) dysfunction is a well-known aspect of pSS 
that usually appears in older patients, central nervous system (CNS) involvement is 
more frequently overlooked and misdiagnosed even if it has recently gained more 
attention than in the past. Diffuse, non-focal neurological manifestations are the most 
frequent manifestations and include a variety of features, such as cognitive defi cits, 
psychiatric abnormalities, and migraine; however, focal defects associated with menin-
goencephalitis, transverse myelitis, and subarachnoid hemorrhage may also occur. In 
patients with a relapsing–remitting course of disease, CNS involvement may be indis-
tinguishable from multiple sclerosis [ 45 ,  46 ]. Both migraine and tension-type head-
aches are very common in pSS patients [ 47 ]. Anti-Ro/SSA antibodies have been related 
to more severe and progressive cases and to the presence of MRI, CT, and angiographic 
abnormalities, while other autoantibodies, such as antiphospholipid and anti-P ribo-
somal protein, appear to play a secondary role in SS. 

 The clinical spectrum of PNS complications is broad and includes (1) pure sen-
sory neuropathy, which presents with distal symmetric sensory loss due to axonal 
degeneration of sensory fi bers, sensory ataxia due to loss of proprioceptive large 
fi bers associated with dorsal root ganglionitis, or small fi ber sensory neuropathy 
due to degeneration of cutaneous axons, which presents with painful dysesthesias 
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(a skin biopsy to evaluate the loss or reduction of nerve fi ber density is required to 
diagnose the latter, which appears to be the most common neuropathy in pSS); (2) 
sensorimotor polyneuropathy affecting sensory and motor axons, generally associ-
ated with palpable purpura and cryoglobulinemia and a higher risk of developing 
lymphoma; and (3) more infrequent forms, including autoimmune demyelinating 
neuropathy, mononeuropathy, mononeuropathy multiplex, and autonomic 
neuropathy. 

 The clinical heterogeneity of PNS involvement and the lack of a standardized 
approach for diagnosis make it diffi cult to accurately calculate prevalence and to 
determine clinical associations and risk factors [ 48 ,  49 ].  

23.4     Cardiovascular Manifestations 

 More than 10 % of patients with pSS present Raynaud’s phenomenon (RP), which 
is probably its most common vascular feature. RP may represent the fi rst clinical 
sign at onset suggesting a diagnosis of pSS, but it may also identify a specifi c subset 
of patients with anti-centromere (ACA) antibodies, suggestive of overlapping sys-
temic sclerosis (SSc) [ 50 ,  51 ]. 

 The links between pSS and cardiovascular (CV) disease have only recently been 
evaluated, though with confl icting results. SS patients seem to be more likely to 
experience known CV risk factors, such as hypertension, diabetes mellitus, and dys-
lipidemia, than age- and sex-matched healthy controls. Such features do not com-
pletely explain subclinical accelerated atherosclerosis, a recently recognized feature 
of the disease, which might predispose to CV death [ 52 – 54 ]. However, it is not clear 
whether an increase in CV death occurs in pSS, even if a recent study demonstrated 
a higher risk of cerebrovascular events and myocardial infarction [ 55 ]. 

 Clinically overt heart disease is infrequent. However, recent echocardiographic 
studies showed that asymptomatic cardiac involvement, mainly pericarditis and dia-
stolic dysfunction, is not rare in pSS [ 56 – 60 ].  

23.5     Renal Manifestations 

 Renal involvement in pSS is relatively rare and may precede the onset of sicca 
symptoms. Renal involvement in pSS consists primarily of interstitial nephritis 
and, less commonly, immune complex glomerulonephritis. Interstitial nephritis 
(IN) is characterized by the presence of lymphocytes, plasma cells, and mono-
cytes in the interstitium combined with tubular atrophy and fi brosis. The major-
ity of the infi ltrating cells have a CD4+ cell phenotype, resembling the lesions in 
the salivary glands [ 61 ]. The clinical presentation may include hyposthenuria, 
overt or latent distal renal tubular acidosis (RTA) (type I), and, less commonly, 
Fanconi syndrome (RTA) (type II). RTA may be present in 22–30 % of pSS 
patients [ 62 ]. Unlike interstitial nephritis, glomerulonephritis (GN) is a late 
sequela in the course of the disease and is strongly correlated to more 
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generalized small-vessel involvement. GN presents as palpable purpura, periph-
eral neuropathy, or B-cell lymphoma [ 63 ]. 

 In addition, chronic interstitial cystitis (IC) may occur in pSS. IC, also 
known as painful bladder syndrome, is a chronic inflammatory disease of the 
bladder of unknown etiology, occurring mainly in women and primarily during 
middle age. Patients usually present with irritative symptoms, such as urinary 
frequency, urgency, nocturia, and suprapubic, urethral, and perineal pain, but 
no infectious organisms are detected in the urine. Histopathological study of 
the bladder shows mucosal edema and mononuclear cell infiltration of the 
interstitium [ 64 ].  

23.6     Gastrointestinal Manifestations 

 Any part of the gastrointestinal (GI) system, from the mouth, esophagus, and bowel to 
the liver and pancreas, can be involved in pSS as it is an epithelitis, which primarily 
affects exocrine glands. Dysphagia, occurring in 30–80 % of cases, is partly due to 
xerostomia, but also to esophageal dysfunction. Dyspepsia is less common; mild atro-
phic changes in the antrum may be observed more frequently in patients with pSS 
than in controls, but severe mucosal atrophy is rare [ 65 ]. Whether the incidence of 
 Helicobacter pylori  is higher in pSS is still controversial, but this organism has been 
associated with MALT lymphomas in pSS [ 66 ]. Documented intestinal involvement 
is rare to absent in large series [ 65 ]. Hepatomegaly and abnormal liver function tests 
(LFT) have been found in up to 25 % of pSS patients [ 67 ]. The most frequent causes 
of liver disease in pSS are primary biliary cirrhosis (PBC), autoimmune hepatitis 
(AH), nonalcoholic fatty liver disease, and, above all, chronic hepatitis C virus (HCV) 
infection [ 68 ]. Hepatomegaly occurs in 11–21 % of patients, while abnormal LFTs 
are found in 10–49 % of patients, although usually mild and without clinical signifi -
cance. PBC and pSS share several features (skewed sex prevalence, common effector 
mechanisms acting on the same target, i.e., the epithelium), and they occasionally 
overlap [ 69 ]; in such cases, PBC tends to be pathologically mild, with a propensity for 
slow progression, as assessed clinically, biochemically, and histologically [ 70 ]. AH 
has been reported in 0–7 % of patients with pSS [ 65 ]. HCV infection may be associ-
ated with sicca complaints and the presence of serum cryoglobulins. As a matter of 
fact, besides hepatocytes and lymphocytes, HCV seems to show a special tropism for 
lacrimal and salivary epithelial cells, while chronic focal sialoadenitis, resembling 
what is seen in pSS, may be observed in approximately 50 % of HCV-infected patients 
eliminare [ 71 ]. However, sicca symptoms seem to be less frequent and milder in 
HCV-infected patients. Histological examination of salivary glands in HCV-infected 
patients shows different aspects compared to what is observed in pSS patients: lym-
phocytic infi ltrates are often located in the pericapillary area rather than around the 
glandular ducts and the lymphocytic subpopulations that are present in the glandular 
infi ltrates appear to be different and sometimes show a predominance of CD8+ T 
lymphocytes. Lastly, specifi c autoantibodies for pSS are not detectable in the sera of 
HCV-infected patients. As compared to the healthy population, a higher percentage of 
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patients with either chronic HCV infection associated with mixed cryoglobulinemia 
and hypocomplementemia or patients with pSS may develop B-cell lymphomas 
[ 72 ,  73 ]. The possible relationship between frank SS and HCV infections is still under 
debate, thus leading the American–European Consensus Group for the Classifi cation 
of SS to list HCV infections among the exclusion criteria for SS [ 74 ]. However, a true 
overlap between HCV infection and pSS is possible, and various studies reported an 
HCV prevalence of 3–14 % among patients with previously identifi ed pSS, which is 
signifi cantly higher than in the general population (1.2 %) [ 75 ]. These fi ndings sug-
gest that HCV might be involved in SS pathogenesis [ 76 ,  77 ]. 

 On the contrary, HBV infection does not seem to be higher in SS patients. 
 Since the pancreas is, in part, an exocrine gland, it can be affected in pSS patients. 

Alterations of pancreatic enzymes and pancreatic exocrine dysfunction have been 
reported in less than 40 % of patients; however, the latter is usually both mild and 
subclinical [ 78 ]. Celiac disease (CD) has also been reported to occur in 4.5–14.7 % 
of pSS patients [ 79 ,  80 ], and identifying patients who present mild or atypical 
symptoms is necessary [ 81 ].  

23.7     Skin Manifestations 

 Cutaneous manifestations, which are generally classifi ed as vasculitic and non- 
vasculitic, are part of the spectrum of the extraglandular features of pSS, even if 
they are responsible for increased disease activity in only 8.6 % of patients at diag-
nosis and in 13.4 % at any time during the disease course [ 82 ]. Skin dryness has 
been shown to be a very common symptom in pSS, with frequency varying from 23 
to 68 % and usually presenting with 2 non-specifi c pruritus and a sensation of dry-
ness. The mechanism that is responsible for skin xerosis has not been fully eluci-
dated, but since decreased sweating has been reported in pSS patients, impairment 
of the sweat glands has been hypothesized [ 83 ]. 

 The most common vasculitic lesion is palpable purpura. This usually appears in 
the lower limbs as recurrent crops of round, pink, separated, or confl uent lesions 
turning purple and brown within a few days and fi nally resolving or leaving a pale 
brown stain. Cryoglobulinemic palpable purpura has been associated with lym-
phoma development and mortality. Hypergammaglobulinemic purpura is relatively 
common in patients with pSS and may be associated with sensory peripheral neu-
ropathy. The skin lesions are non-palpable and are often associated with a higher 
prevalence of anemia, elevated eritrosedimentation rate (ESR), hypergammaglobu-
linemia, rheumatoid factor, antinucleaar antibodies (ANA), and anti-Ro/SSA anti-
bodies [ 84 ]. The second most common form of infl ammatory vascular disease is 
urticarial vasculitis, which is characterized by smaller stinging or burning lesions 
that usually persist for 24 h and often resolve in hyperpigmentation, indicating red 
blood cell extravasation [ 85 ,  86 ]. Patients with pSS may also present a wide range 
of non-vasculitic lesions. One of the most characteristic is annular erythema, which 
is primarily reported in Asian patients with pSS [ 87 ,  88 ]. These cutaneous lesions 
are annular, polycyclic, and photosensitive and are clinically identical to those seen 
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in patients with subacute cutaneous lupus erythematosus with anti-Ro/SSA antibod-
ies. Some patients diagnosed with isolated, subacute cutaneous lupus erythemato-
sus may actually have underlying pSS. On the other hand, pSS patients with annular 
erythema should be followed up to detect the possible evolution to systemic lupus 
erythematosus [ 89 ]. Other manifestations include vitiligo, alopecia, angular cheili-
tis, eyelid dermatitis, anetoderma, and cutaneous lymphoma [ 90 ].  

23.8     Hematological Manifestations 

 Hematological abnormalities are rather common in pSS. Normocytic normochromic 
anemia is frequently observed, and various abnormalities can be observed in the 
leukocyte counts, above all leukopenia, which is observed in 15–30 % of patients 
with pSS [ 90 ]. Lymphopenia is quite often found, and granulocytopenia can be 
observed as well. When the various lymphocyte subpopulations are considered, it has 
been shown that 5–6 % of patients with pSS have CD4+ T lymphocytopenia [ 91 ,  92 ]. 
Lympoma development is the subject of other chapters.  

23.9     Articular and Muscular Involvement 

 Musculoskeletal manifestations are very common in pSS patients; indeed, it is esti-
mated that up to 90 % of patients experience arthralgias, myalgias, fatigue, or morning 
stiffness. Authors report arthralgias in 48–73.5 % of patients, whereas arthritis is 
observed in up to 17 % of them. Joint symptoms may also appear prior to the classical 
sicca manifestations in 30 % of cases. The pattern of joint involvement is usually that 
of intermittent, symmetrical, polyarticular arthropathy affecting both small and large 
joints [ 93 ]. The small joints of the hand, such as the metacarpophalangeal and interpha-
langeal joints, are frequently affected, resembling rheumatoid arthritis (RA) when 
accompanied by synovitis. Unlike RA, arthritis in pSS is often non-erosive, even in the 
presence of antibodies against cyclic citrullinated peptides (anti-CCP). Indeed, while 
anti-CCP antibodies are an independent and predictive factor in the development of 
erosions in RA, in pSS patients, this positivity along with other signs of an active 
immunological profi le (rheumatoid factor, SSA or SSB isolation, cryoglobulinemia) 
seems to be correlated to the presence of musculoskeletal involvement alone [ 94 ]. In 
contrast, other authors demonstrated the presence of severe polyarthritis with features 
of RA, including erosions, especially in patients with anti-CCP and selected alleles of 
major histocompatibility complex (MHC) class II molecules [ 95 ]. Therefore, the ero-
sive nature of arthritis in the course of pSS remains controversial. Using ultrasonogra-
phy, which is a more sensitive method than classical radiology, the most frequently 
observed sign is moderate–mild degree synovitis mainly involving the small joints of 
the hand, wrists, and knees, although the ankles, hips, and shoulders may be involved 
as well. Subclinical synovitis may also be observed in patients without any symptoms 
of articular involvement [ 96 ], thus suggesting a higher prevalence of joint involvement 
in the course of pSS. Myalgia and muscular weakness are other recurrent symptoms in 
pSS patients, but to date, only a few studies have examined the prevalence of muscular 
involvement. Although myositis occurs only in about 1.2–3 % of patients, higher 
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percentages of subclinical myositis diagnosed by muscular biopsy may be observed 
(5–73 %), and the histopathology is often characterized by perivascular infl ammation 
or interstitial myositis without the involvement of muscle fi bers [ 29 ]. These features, 
however, are common in several connective tissue diseases, and the clinical signifi -
cance is uncertain. There is some evidence that infl ammatory myopathy in the course 
of pSS could be interpreted as an overlapping syndrome [ 97 – 99 ] with a generally good 
outcome and that only a low percentage of patients are resistant to therapy.  

23.10     Pulmonary Involvement 

 The frequency of pulmonary involvement reportedly varies from 9 to 75 %, 
depending on the detection method that is employed, on ethnic or environmental 
factors, or on underdiagnosis due to few symptoms. The main fi ndings include 
small airway abnormalities and interstitial lung disease (ILD), which is often sub-
clinical or is accompanied by dry cough or dyspnea if symptomatic. An early study 
[ 100 ] showed that lung involvement was common and mostly subclinical, with 
lesions of the small bronchioles leading to signifi cantly lower expiratory fl ow val-
ues. Most patients complained of dry cough without specifi c clinical fi ndings. 
Histological examination in 10 patients out of 61 in this cohort revealed the pres-
ence of peribronchial lymphocytic infi ltrates, similar to those described in the exo-
crine glands. In the course of pSS, many ILD patterns may occur; it seems that the 
most common features are: a diffuse, cellular interstitial pneumonia that can be 
classifi ed as non-specifi c interstitial pneumonia (NSIP) or lymphocytic interstitial 
pneumonia (LIP) on the basis of the intensity of the infl ammatory infi ltrate (which 
is greater in LIP) [ 101 ]. LIP is a lymphoproliferative disease with benign behavior, 
characterized by polyclonal proliferation of lymphocytes and plasma cells in the 
interstitium. LIP typically appears as ground-glass opacities with thin-walled cysts 
on radiographic images. It was considered the most common pulmonary pSS mani-
festation, but now its prevalence is lower, perhaps because of the revisions in the 
histopathological criteria for ILD, so that many cases that would previously have 
been diagnosed as LIP are now diagnosed as NSIP [ 102 ]. Other patterns of ILD 
include organizing pneumonia (OP), usual interstitial pneumonia (UIP), and dif-
fuse interstitial amyloidosis; moreover, the lung can also be the site of a primary 
pulmonary lymphoma in pSS. Although lung involvement is relatively frequent in 
pSS, there are limited data on prognosis. Some studies have suggested that pulmo-
nary manifestations of pSS do not worsen the prognosis. Indeed, a 10-year follow-
up of 30 British patients [ 103 ] showed that most of them had stable pulmonary 
function with low mortality (15.4 %), while two Asian studies reported that the 
mortality rate seems to be higher (27.3–30.3 %) [ 104 ,  105 ]. Therefore, more stud-
ies are needed to explore the relationship between pulmonary involvement and 
mortality rate among pSS patients. Pulmonary arterial hypertension (PAH), a type 
of lung involvement that is rarely observed in pSS, is a disease characterized by 
vascular proliferation and remodelling of the small pulmonary arteries which 
results in a progressive increase in pulmonary vascular resistance, thus leading to 
right ventricular failure and death.     
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24.1            Epidemiology and Risk Factors 

 Dry eye disease (DED) is one of the most common ophthalmological conditions 
seen in clinical practice. A healthy tear fi lm is needed for normal function of the 
eyes, and dry eye occurs when an unstable tear fi lm cannot ensure the ocular surface 
homeostasis, causing infl ammation and symptoms of ocular discomfort. The exact 
prevalence of dry eye is diffi cult to establish, mainly because of differences in the 
diagnostic criteria used and the lack of established protocols for the diagnosis. 
Many of the clinical tests lack repeatability, and there is often poor correlation 
between patients’ symptoms and clinical fi ndings. 

 It has been estimated that about 3.2 million women and 1.7 million men ≥50 years 
old in the USA have dry eye. However, occasional subjective symptoms of dry eye 
can occur in up to 33 % of ≥45 years [ 1 ]. When objective measurements are applied, 
the prevalence decreases to 17–25 %, and when combining subjective symptoms 
with an objectively reduced Schirmer test, it further decreases to 2 %. 

 Older age, perimenopausal stages in women, hormonal diseases, and several 
drug therapies are risk factors that can lead to DED. 

 Men ≥75 years were more likely to have DED: recent data show that prevalence 
rises from 3.9 % among men aged 50–54 years to 7.7 % among men ≥80. However, 
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 Dry eye is a multifactorial disease of the tears and ocular surface that results in symptoms of 
discomfort, visual disturbance and tear fi lm instability with potential damage to the ocular surface. 
It is accompanied by increased osmolarity of the tear fi lm and infl ammation of the ocular surface. 
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after controlling for age and other variables, there were no substantial differences in 
the prevalence of DED among men by either race or geographic origin. Similarly, 
there was also no signifi cant association between dry eye and diabetes mellitus. In 
contrast, men with treated or untreated hypertension and men with benign prostatic 
hyperplasia were signifi cantly more susceptible to have dry eye [ 2 ]. 

 Older age is associated with the development of meibomian gland dysfunction 
(MGD), which leads to tear fi lm instability and evaporative dry eye. It seems that andro-
gen defi ciency can be the basis of some of the anatomical and physiological modifi ca-
tions of the meibomian gland. Both the observations of a higher prevalence of dry eye 
among women and an increasing prevalence of DED with aging in both sexes strengthen 
the hypothesis that androgen fall contributes to an increased risk of dry eye [ 2 ]. 

 It is important to consider that many drugs can induce, through different mechanisms 
(e.g., anticholinergic effects), a dry eye syndrome (examples are shown in Table  24.1 ).

24.2        Tear Film and Control of Tear Secretion 

 The ocular surface and tear-secreting glands are a complex integrated functional 
system that is interconnected by sensory and autonomic nerves. This functional unit 
maintains the health of the ocular surface balancing tear production and its evapora-
tion, absorption, and drainage. 

 Tear fl uid is disposed to form a fi lm of about 4–11 μm over the ocular surface, 
consisting of three qualitatively different interlacing layers that are in interaction 
with each other: an interior mucin mucous matrix, a middle aqueous layer, and an 
anterior lipid layer. 

 Mucous matrix consists of mucins, which are water-retaining, high-molecular- 
weight glycoproteins essential for the homeostasis of the ocular surface. On the 
ocular surface and in tear fl uid, there are two groups of mucins: transmembrane, 
mainly MUC1, MUC4 and MUC16, and secreted gel forming, such as 
MUCA5C. Epithelial cells of both cornea and conjunctiva produce MUC1 and 

  Table 24.1    Medications that 
could lead to dry eye 
syndrome  

 Antidepressants  Muscular spasm 

   Amitriptyline    Cyclobenzaprine 

   Imipramine    Methocarbamol 

   Doxepin 

 Blood pressure control  Parkinson’s disease 

   Clonidine    Trihexyphenidyl 

   Prazosin    Benztropine 

   Propranolol    Biperiden 

   Reserpine    Procyclidine 

 Cardiac antiarrhythmics  Decongestants 

   Disopyramide    Ephedrine 

   Mexiletine    Pseudoephedrine 

  Modifi ed from Taylor et al. [ 3 ]  
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MUC16, but only conjunctival epithelial cells and limbal corneal epithelial cells 
produce MUC4; gel-forming mucins are produced by the conjunctival goblet 
cells [ 4 ]. It seems that mucous matrix could increase the hydrophilic nature of the 
epithelium, thereby enhancing the wetting properties of the ocular surface. 

 The aqueous layer contains electrolytes, proteins, and metabolites. This compo-
sition is guaranteed by the secreting action of the lacrimal glands and of the ocular 
surface epithelial cells. Tear fl uid is rich in protein: the typical concentration is 
7–10 mg/mL, with as many as 500 different types of proteins identifi ed in tear fl uid. 
Many of these are involved in wound healing and infl ammatory processes and play 
a vital role in protecting the cornea from pathogens. Tear fi lm also contains group II 
phospholipase A2, an hydrolytic antibacterial enzyme that degrades the cell walls of 
gram-positive bacteria and therefore is involved in the host defense mechanism of 
the ocular surface. It also contains enzymes able to interact with lipids, such as 
acidic and neutral sphingomyelinases, acidic and neutral ceramidases, and 
PC-specifi c phospholipase C secreted by the epithelial cells. It appears, therefore, 
that protein-lipid interactions have a function in maintaining the lipid homeostasis 
of the tear fi lm, interacting with the lipid layer, and thus, it seems to have a biophysi-
cal function in its stabilization and organization [ 4 ]. 

 The lipids forming the external layer are secreted by the meibomian glands in the lids 
margins. The bulk of the lipid layer adjacent to the aqueous-mucin gel is composed of 
hydrophilic polar lipids, including phospholipids, sphingomyelin, ceramides, and cere-
brosides, whereas the bulk of the tear lipid layer consists of overlying nonpolar hydro-
phobic lipids, including wax esters, cholesterol esters, triglycerides, free fatty acids, and 
hydrocarbons [ 3 ]. Hydrophobic lipids at the air-water interface possess a tendency to 
aggregate (thus minimizing the contact area with the polar water molecules) and there-
fore do not form a homogenous lipid layer; amphipathic phospholipids, thanks to their 
physicochemical properties, are able to form a homogeneous monolayer, thereby ensur-
ing hydrophobic interface and providing a suitable interface for nonpolar lipid spread-
ing. It is thought that lipid layer stabilizes the tear fi lm by lowering the aqueous tear 
surface tension and retards the evaporation of water from the ocular surface. 

 The majority of tear secretion by the lacrimal glands is refl exive, ensuring hydro-
phobic interface impulses from these tissues reach the superior salivary nucleus in 
the pons via the ophthalmic branch of the trigeminal nerve, and efferent fi bers pass 
to the pterygopalatine ganglion synapsing with the postganglionic fi bers that inner-
vate the lacrimal gland, nasopharynx, and vessels of the orbit. 

 Another neural pathway controls the blink refl ex via trigeminal afferents and the 
somatic efferent fi bers of the facial nerve, and there is also a rich activity of higher 
centers that feed into the brainstem nuclei (providing “emotional” input) [ 3 ].  

24.3     Causative Mechanisms of Dry Eye and Classification 

 There are two core mechanisms which can be considered capable of initiate, amplify, 
and change the character of dry eye over time: tear hyperosmolarity and tear fi lm 
instability. 
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 Tear hyperosmolarity is considered the central mechanism determining ocular 
surface infl ammation, damage and symptoms, and the initiation of compensatory 
mechanisms in dry eye. It can result from water evaporation from the exposed ocu-
lar surface in situations of low aqueous tear fl ow, or from excessive evaporation, or 
as a combination of these events. 

 It has been demonstrated that hyperosmolarity can stimulate an infl ammatory 
cascade involving MAP kinases and NFκB signaling pathways, leading to the pro-
duction of pro-infl ammatory cytokines such as IL-1α, IL-1β, TNF-α, and MMP-9. 
There are several evidences that these mediators cause the apoptotic death of sur-
face epithelial cells, including goblet cells, and also of the importance of activity of 
corneal and conjunctival epithelial cells in the pathogenesis of dry eye [ 5 ]. 

 Some forms of dry eye can be due to tear fi lm instability as initiating event; when 
the tear fi lm breaks up during the blink interval, it cause local drying and hyperosmo-
larity of the exposed surface, resulting in infl ammation and epithelial surface damage. 

 Dysfunction in dry eye can be classifi ed by mechanism (see Fig.  24.1 ): aqueous- 
defi cient dry eye, evaporative dry eye, or mixed mechanism. In aqueous-defi cient 
dry eye, an insuffi cient volume of tears is produced, due to either dysfunction or 
anatomical destruction of the lacrimal glands; the latter group is mostly associated 
with autoimmune diseases such as Sjögren’s disease. In evaporative dry eye, poor 
tear quality and tear fi lm hyperosmolarity derive from lack of meibomian gland 
activity, lagophthalmos, or decreased blink rate or function [ 6 ].

   Aqueous-defi cient dry eye can be divided into two major subclasses, Sjögren 
syndrome (SS) dry eye, and non-SS dry eye. In SS, the lacrimal and salivary glands 
are infi ltrated by activated T cells, resulting in acinar and ductular cell death and 
hyposecretion of tears or saliva. If the glands are affected by an infl ammatory pro-
cess, it can results in an upregulation of the expression of MHC class II molecules 
and of autoantigens at the surface of epithelial cells, as fodrin, Ro, and La, as well 
as the retention of tissue-specifi c CD4+ and CD8+ T cells [ 3 ]. 
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  Fig. 24.1    Schematic classifi cation of dry eye (Modifi ed from 2007 Report of the International 
Dry Eye Workshop)       
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 In primary SS, aqueous-defi cient dry eye syndrome occurs in combination with 
symptoms and signs of dry mouth in the presence of specifi c autoantibodies. In 
secondary SS, the signs of primary SS occur together with the features of a systemic 
autoimmune connective tissue disease. 

 Non-SS dry eye is a form of aqueous defi ciency due to lacrimal dysfunction 
where the systemic autoimmune features have been excluded.  

24.4     Mechanisms of Pathogenesis in Autoimmune-Mediated 
Dry Eye 

 Pathogenesis of DED is likely multifactorial with genetic and environmental com-
ponents capable of eliciting an autoimmune response in predisposed patients. 

 Certain human leukocyte antigen (HLA) genes, such as HLA-DRβ1, encode spe-
cifi c MHC class II molecules and are upregulated in patients with Sjögren’s disease. 
The upregulation of such HLA alleles is thought to genetically predispose individu-
als to Sjögren’s disease and thus is useful for clinical diagnosis [ 6 ]. 

 Autoantibodies have long been used as diagnostic tools for Sjögren’s disease. 
Anti-Ro/SSA, anti-La/SSB, and anti-nuclear antibodies (ANA) are often detected 
at high levels in patients with Sjögren’s disease. Several studies comparing 
SS-related DED with dry eye patients without Sjögren’s disease have shown that 
anti-Ro and anti-La antibodies are only detected in Sjögren’s-associated DED. It 
should be stressed, however, that autoantibodies alone cannot be used as exclusive 
diagnostic tools or as predictor of the development of autoimmune disease, since 
autoantibodies can be detected in healthy patients due to tolerance mechanisms to 
self-antigens [ 7 ]. 

 Several viruses can also set off an autoimmune response in a process called 
molecular mimicry, where antigen epitopes on microbial proteins cross-react with 
mammalian self-antigens. It is hypothesized that molecular mimicry mediates post- 
viral dry eye syndrome. The herpes simplex virus has been shown to react with La/
SSB antigen in Sjögren’s patients, and Coxsackie virus 2B can cross-react with the 
Rh60 autoantigen. Interestingly, these two viruses have also been shown to cross- 
react with autoantigens in systemic lupus erythematosus (SLE) patients [ 6 ]. 

 An accelerated rate of apoptosis has been observed in Sjögren’s disease. Increased 
corneal epithelial cell apoptosis has been observed in both Sjögren syndrome- and 
non-Sjögren syndrome-associated DED. 

 DNA and/or RNA fragments from apoptotic cells also have the ability to activate 
toll-like receptors (TLRs). TLRs are found on macrophages and dendritic cells, 
where they respond to pathogen-associated molecular patterns to break out an 
immune response. Specifi c toll-like receptors such as TLR3, TLR7/8m, and TLR9 
are activated in systemic autoimmune diseases like Sjögren’s disease. On the cor-
neal surface of SS-dry eye patients, increased apoptosis is observed with chromatic 
and small ribonuclear particles (snRNPs) likely activating TLRs [ 8 ]. Another apop-
totic pathway likely involved in Sjögren’s disease and dry eye syndrome is death 
receptor Fas/Fas ligand (FasL) binding. In apoptosis, the Fas/FasL interaction 
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activates caspases and proteinases that result in DNA fragmentation and cell death. 
Higher levels of Fas-positive cells and soluble FasL were detected in the serum of 
Sjögren syndrome-associated DED than in non-Sjögren syndrome-associated DED 
patients. However, a direct correlation has not been established between increased 
serum Fas/FasL and increased rate of apoptosis [ 6 ]. 

 In dry eye syndrome, all these afore mentioned antigens are presented to imma-
ture antigen-presenting cells (APCs), which are then activated by major histocom-
patibility complex (MHC) class II cell surface receptors. Mature APCs then present 
antigen to T cells to generate an infl ammatory and immune response. 

 Because of injury to the ocular surface in dry eye syndrome, MHC class II and 
co-stimulatory molecules are overexpressed, further perpetuating the cycle of anti-
gen recognition, immune response, and infl ammation. Several molecular pathways 
involving MHC class II have been established. These pathways involve TGF-β, the 
actomyosin cytoskeleton, and the regulation by GTPases. The role of TGF-β in 
MHC II presentation is particularly important because of its activity in Sjögren 
syndrome-associated DED; in a mouse model of dry eye, disruption of TGF-β was 
found to suppress APC maturation in the cornea, leading to an improvement in dry 
eye clinical expression and in conjunctival infl ammation [ 6 ]. 

 Cell-mediated immunity is important in the pathogenesis of autoimmune dis-
eases such as Sjögren’s disease: desiccating stress in mice has been shown to elicit 
T cell-mediated infl ammation, specifi cally in the cornea, conjunctiva, and lacrimal 
gland. 

 In Sjögren’s disease, such as in several autoimmune syndromes (SLE, rheuma-
toid arthritis, type I diabetes, and multiple sclerosis), B cell dysfunction and the 
resultant disruption of host immune tolerance have been observed. B cells are nec-
essary for the development of Sjögren’s disease. B cell hyper-reactivity followed 
by hypergammaglobulinemia has been observed in Sjögren’s disease [ 9 ]. Notably, 
upregulation of B cell activating factors, BAFF and APRIL, has been detected in 
the lacrimal glands of Sjögren’s patients. BAFF (BLyS or B lymphocyte stimula-
tor) is a B cell activating factor of the tumor necrosis factor family: it has been 
established that this protein is signifi cantly overexpressed in salivary glands of 
Sjögren’s disease patients, and it seems to be able to prevent the apoptosis of auto-
reactive B cells [ 6 ]. 

 Helper or effector T cells are activated after APC stimulation and facilitate cyto-
kine secretion; TH17 induces the secretion of IL-17 in response to TGF-β or IL-6, 
which then stimulates the production of pro-infl ammatory cytokines and matrix 
metallo-proteinases (MMP). Matrix metallo-proteinases are upregulated in the lac-
rimal and salivary glands in Sjögren’s disease, leading to signifi cant tissue injury 
and destruction. The TH17-centric cytokine IL-17 has been analyzed in the tear 
fi lm, revealing highest levels in Sjögren syndrome-associated DED as well as 
increased levels in non-Sjögren syndrome-associated DED versus control subjects. 
TH17 has been implicated in other autoimmune diseases such as Crohn’s disease 
and collagen-induced arthritis. Thus, the regulation of pro-infl ammatory cytokines 
and matrix metallo-proteinases could play a main role in dry eye syndrome, result-
ing in dysfunction of exocrine glands [ 6 ]. 
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 Dysfunction of regulatory T cells (Treg) is observed in autoimmune diseases 
such as Sjögren’s disease. Treg defi ciency could predispose to Sjögren’s disease and 
DED. Interestingly, TH17 cells (aforementioned – implicated in the pathogenesis of 
dry eye syndrome) seem to be resistant to Treg-mediated suppression; a demon-
strated imbalance between Treg cells and IL-17, with an increase in IL-17 activity, 
could lead to tissue injury in Sjögren’s disease [ 6 ].  

24.5     Clinical Findings 

 Patients who have dry eye often suffer from eye irritation, a gritty or foreign body 
sensation, burning, tearing, photophobia, stinging, or intermittent sharp pain. Blurry 
vision that improves with blinking or instillation of nonviscous artifi cial tears is also 
referred. Depending on severity and sensitivity of each one, dry eye patients may 
have all, some, or none of these symptoms. 

 For the majority of DED patients, there is some relation between symptoms and 
clinical signs. However, it is also well established that perceived symptom severity 
may not correlate to clinical signs of disease, and there exists a signifi cant propor-
tion of patients who can have seemingly confl icting signs and symptoms. In fact, in 
early or mild DED, the presence of hyperalgesia can cause signifi cant ocular dis-
comfort without any signs of tissue damage; in more severe or chronic disease, 
decreased corneal sensation due to compensatory refl ex mechanisms can actually 
reduce discomfort [ 10 ]. 

 As mentioned before, dry eye can be part of more complex rheumatologic syn-
dromes, among which the most common is the Sjögren syndrome. 

 Primary SS is a systemic autoimmune disease of unknown cause that is charac-
terized by progressive lymphocytic and plasma cell infi ltration of the exocrine 
glands, mainly salivary and lacrimal glands (see classifi cation criteria in Table  24.2 ); 
it shows a sexual dimorphism, with women 10–20 times more frequently affected 
than men.

   It is important to consider that about 4–10 % of patients with SS develop non- 
Hodgkin’s B cell lymphomas, some of which become high-grade malignancies. 

 Secondary SS is marked by the targeting of either the lacrimal and/or salivary 
glands together with a systemic autoimmune disease as follows. Up to 20 % of 
patients with rheumatoid arthritis may develop DED. The dry eye manifestations 
usually follow joint involvement and frequently occur in patients with quiescent and 
well-controlled joint manifestations. Dryness prevalence increases approximately 
10 % every 10 years and was associated with systemic disease therapy [ 3 ]. Dry eye 
symptoms are also frequent in patients with systemic lupus erythematosus, showing 
two peaks of incidence, the fi rst one in patients aged 20–30 and the second one in 
those aged over 50 [ 12 ]. In a recent study, it has been shown that these patients have 
a recognized genetic predisposition (HLA-DR3) and autoantibody production 
(ANA, SS-A, SS-B) [ 3 ]. 

 SS may also occur in patients with graft versus host disease, typically 6 months 
after hematopoietic stem cell transplantation. Immune system responds against a 
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wide range of host antigens, including histocompatibility antigens, leading to lacri-
mal gland fi brosis due to co-localization of periductal CD4+ and CD8+ T cells with 
antigen-presenting fi broblasts [ 3 ]. Other associated disorders include polyarteritis 
nodosa, Wegener’s granulomatosis, systemic sclerosis, primary biliary cirrhosis, 
and mixed connective tissues disease [ 13 ].  

24.6     Diagnosis of Ocular Involvement 

 Slit-lamp examination should be performed before any other tests, which may alter 
or mask some of the relevant fi ndings on examination and lead to a possible misdi-
agnosis. Dry eye signs identifi ed on slit-lamp examination include superfi cial cor-
neal erosions, inadequate tear lake volume, reduced tear fi lm breakup time, 
conjunctival hyperemia, conjunctival surface irregularities, and meibomian gland 
dysfunction. 

   Table 24.2    Revised international classifi cation criteria for ocular manifestations of Sjögren 
syndrome   

 Ocular symptoms: a positive response to at least one of the following questions: 

   Have you had daily, persistent, troublesome dry eyes for more than 3 months? 

   Do you have a recurrent sensation of sand or gravel in the eyes? 

   Do you use tear substitutes more than 3 times a day? 

 Oral symptoms: a positive response to at least one of the following questions: 

   Have you had a daily feeling of dry mouth for more than 3 months? 

   Have you had recurrently or persistently swollen salivary glands as an adult? 

   Do you frequently drink liquids to aid in swallowing dry food? 

 Ocular signs: that is, objective evidence of ocular involvement defi ned as a positive result for 
at least one of the following two tests: 

   Schirmer test performed without anesthesia (≤5 mm in 5 min) 

   Rose bengal score or other ocular dye score (≥4 according to van Bijsterveld’s scoring 
system) 

 Histopathology: In minor salivary glands (obtained through normal-appearing mucosa), focal 
lymphocytic sialoadenitis, evaluated by an expert histopathologist, with a focus score ≥1, 
defi ned as a number of lymphocytic foci (which are adjacent to normal-appearing mucous 
acini and contain more than 50 lymphocytes) per 4 mm 2  of glandular tissue 

 Salivary gland involvement: objective evidence of salivary gland involvement defi ned by a 
positive result for at least one of the following diagnostic tests: 

   Unstimulated whole salivary fl ow (≤1.5 ml in 15 min) 

   Parotid sialography showing the presence of diffuse sialectasis (punctate, cavitary, or 
destructive pattern), without evidence of obstruction in the major ducts 

   Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed 
excretion of tracer 

 Autoantibodies; presence in the serum of the following autoantibodies: 

   Antibodies to Ro(SSA) or La(SSB) antigens or both 

  Modifi ed from Vitali et al. [ 11 ]  
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 The main diagnostic tests currently used include: 
  Schirmer test.     First described in 1903 by Schirmer, this test is still one of the most 
commonly used to measure tear production. The Schirmer I test measures total tear 
secretion (refl ex and basal tears). Avoiding anesthetic drops, a Schirmer paper strip 
(a Whatman no. 41 fi lter paper 5 mm wide by 35 mm long) should be inserted over 
the lower lid margin at the junction of its middle and outer thirds. The eye is kept 
closed and the amount of wetting is measured after 5 min. Normal values range 
from 8 to 33 mm, but an accepted normal value is greater than 10 mm. A variant of 
the test just described involves the use of anesthetic drop and is useful for evaluating 
the only basal tear secretion (Jones’ Test). The Schirmer II test is similar but uses an 
irritant stimulus, such as a cotton bud wetted with NaCl 5 % inserted into the nose, 
capable to stimulate refl ex tear secretion. Topical anesthesia is not used and an 
abnormal test result on this test is considered to be <15 mm of wetting in 5 min. 
Notably, inferior gaze of the eye could produce a falsely higher result. Although the 
Schirmer test is one of the most widely used tools in diagnosing dry eye, the lengthy 
nature of the test, the fact that most patients fi nd the test irritating and invasive, and 
its unreliable and largely irreproducible nature may explain a high risk of underdi-
agnosis [ 14 ].  
  Tear fi lm breakup time (tBUT).     This test measures the time required for the tear 
fi lm to break from being a confl uent fi lm using 5 μL fl uorescein drops instilled alone 
without the anesthetic. tBUT is the time interval after a patient blinks to the fi rst 
appearance of dryness in the tear fi lm, and the patient can be classifi ed as dry eye- 
affected if this dry area appears before 10 s [ 14 ].  
  Fluorescein staining.     2–5 μL of fl uorescein sodium can be used to identify corneal 
epithelial defects. The corneal surface will stain if there is a disruption of cell-to- 
cell junctions. The staining can show corneal superfi cial punctate epithelial erosions 
in patterns that are suggestive of certain causes of dry eye [ 14 ].  

 Rose bengal (RB) staining, widely used in the past, has lost much of its value as 
a diagnostic tool because of the signifi cant and well-documented corneal toxicity of 
this substance. 

 Lissamine green (LG) is another dye similar to RB (in which staining occurs in 
areas on the cornea or conjunctiva that lack membrane-associated mucins). Both types 
of dyes have similar staining patterns and can be interchangeable. But unlike RB, LG 
is not toxic to the corneal epithelium and is better tolerated. Ten microliters of 1 % LG 
was found to give the best reliability, especially when using a red fi lter [ 14 ]. 

 Questionnaires can help establish cases of dry eye that are subclinical and rep-
resent a valuable tool for measuring the impact of dry eye on the quality of daily 
life of patients. The Standard Patient Evaluation of Eye Dryness questionnaire is a 
repeatable and effective measure that can help identify a patient’s symptoms. This 
tool uses a scale ranging from 0 to 4 focusing on frequency and severity of symp-
toms. Another questionnaire is the Ocular Surface Disease Index according to 
which score values range from 0 to 100, with higher scores signifying associated 
to higher disability. Other questionnaires such as the Dry Eye Questionnaire and its 
variations (DEQ, DEQ-8, Contact Lens Dry Eye Questionnaire), the National Eye 
Institute Visual Functioning Questionnaire, and the Impact of Dry Eye on Everyday 
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Life Questionnaire can help distinguish between symptomatic and asymptomatic 
patients. A recent study showed that only the Ocular Surface Disease Index and 
Impact of Dry Eye on Everyday Life Questionnaire are validated, unlike the others 
that have not been tested for reliability [ 15 ]. 

 A practical approach to DED is represented in Tables  24.3  and  24.4 .

24.7         Therapy of Ocular Involvement 

24.7.1     Tear Supplementation: Artificial Tears 

 The main objectives in caring for patients with dry eye disease are to improve the 
patient’s ocular comfort and quality of life and to reestablish homeostasis of the 
ocular surface and tear fi lm. 

    Table 24.3    Simple diagnostic algorithm for dry eye   

 Clinical history 

 Symptom questionnaire 

 Slit-lamp examination 

 Fluorescein tBUT 

 Ocular surface staining grading with fl uorescein 

 Schirmer I test without anesthetic, or I with anesthetic, and/or Schirmer II with nasal 
stimulation 

 Other tests may be added according to availability 

  Table 24.4    Step-by-step treatment options 
for DED  

  Step-by-step treatment options in DED  

 Education and environmental/dietary 
modifi cations 

 Elimination of environmental DED-related 
factors 

 Artifi cial tear substitutes 

 Eyelid therapy 

  If treatments are inadequate ,  add  

 Anti-infl ammatories 

 Tetracyclines (for meibomianitis, rosacea) 

 Absorbable punctal plugs 

 Secretagogues 

  If treatments are inadequate ,  add  

 Autologous serum 

 Contact lenses 

 Permanent punctal occlusion 

  If treatments are still inadequate ,  add : 

 Systemic anti-infl ammatory agents 

 Surgery 
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 Although certain artifi cial tears have demonstrated more success than others in 
reducing symptoms of irritation or decreasing ocular surface dye staining, there 
have been no large-scale comparative clinical trials to evaluate the wide variety of 
ocular lubricants. 

 Ocular lubricants are characterized by hypotonic or isotonic buffered solu-
tions containing electrolytes, surfactants, and several types of viscosity agents. 
Ideal artifi cial lubricant should be preservative-free; contain potassium, bicar-
bonate, and other electrolytes; and have a polymeric system to increase its reten-
tion time. Physical properties should include a neutral or few alkaline 
pH. Osmolarities of artifi cial tears have been measured to range from about 181 
to 354 mOsm/L. 

 The single most critical advance in the treatment of dry eye has been the elimina-
tion of preservatives, such as benzalkonium chloride (BAK), from lubricants. 
Because of the risk of contamination of multidose products, most lubricants contain 
a preservative or employ some mechanism for minimizing contamination. 
Benzalkonium chloride is the most frequently used preservative in topical ophthal-
mic preparations: its epithelial toxic effects have been well established and it is 
related to its concentration, the frequency of dosing, the level or amount of tear 
secretion, and the severity of the ocular surface disease. In patients with mild dry 
eye, BAK-preserved drops are usually well tolerated when used four to six times a 
day or less. In patients with moderate-to-severe dry eye, side effect risk for BAK 
toxicity is high, because of decreased tear secretion cell turnover [ 16 ]. Preservative-
free formulations are absolutely necessary for patients with severe dry eye with 
ocular surface disease and dysfunction of lacrimal gland secretion or for patients 
that use multiple preserved topical medications for any chronic eye disease. Another 
additive used in artifi cial tears formulations is disodium (EDTA). It amplifi es the 
preservative effi cacy of BAK but it is not a suffi cient preservative when used alone. 
Used in some non-preserved solutions, it may help limit microbial growth in opened 
unit-dose vials. Although use of EDTA may allow a lower concentration of preser-
vative, EDTA shows an important toxicity, by itself, to the ocular surface epithe-
lium. Less toxic preservatives, such as polyquad (polyquaternium-1), sodium 
chlorite, and sodium perborate, have been developed to allow the use of multidose 
bottled lubricants and to avoid the known toxicity of BAK-/EDTA-containing solu-
tions [ 16 ]. 

 As aforementioned, tears of patients with dry eye have a higher tear fi lm osmo-
larity (crystalloid osmolarity) than normal tears. Protection against the adverse 
effects of increased osmolarity has led to development of lubricant drops incorpo-
rating compatible solutes (such as glycerin, erythritol, and levocarnitine) in which 
these substances are distributed between the tears and into intracellular fl uids to 
protect against potential cellular damage from hyperosmolarity. 

 However, ocular lubricants, which have been shown to provide some protection 
of the ocular surface epithelium and some improvement in patient symptoms and 
objective fi ndings, have not been demonstrated in controlled clinical trials to be suf-
fi cient to resolve the ocular surface disorder and infl ammation seen in most dry eye 
sufferers [ 16 ].  
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24.7.2     Tear Retention 

24.7.2.1     Punctal Occlusion 
 Punctal plugs are divided into two main types: absorbable and nonabsorbable. The 
former are made of collagen or polymers and last for variable periods of time 
(3 days to 6 months). It has been established that the use of these devices has been 
associated with objective and subjective improvement in patients with both 
Sjögren and non-Sjögren aqueous tear-defi cient dry eye. Benefi cial outcome in 
dry eye symptoms has been reported in 74–86 % of patients treated with punctal 
plugs. Objective indices of improvement include improved corneal staining, pro-
longed tBUT, decrease in tear osmolarity, and increase in goblet cell density. 
Punctal plugs are indicated in symptomatic dry eye patients with Schirmer test 
result (with anesthesia) less than 5 mm at 5 min and show evidence of ocular sur-
face dye staining [ 17 ]. Contraindications to the use of punctal plugs include 
allergy to the materials used in the plugs, punctal ectropion, pre-existing nasolac-
rimal duct obstruction, and acute or chronic infection of the lacrimal canaliculus 
or lacrimal sac; treatment of the ocular surface infl ammation prior to plug inser-
tion has been recommended [ 16 ].  

24.7.2.2     Contact Lenses 
 Contact lenses may help to protect and hydrate the corneal surface in severe dry eye 
conditions. Improved visual acuity and comfort such as decreased corneal epitheli-
opathy and healing of corneal epithelial defects have been reported [ 18 ]. There is a 
risk of corneal vascularization and possible corneal infection associated with the 
use of these devices for a long time.  

24.7.2.3     Tear Stimulation 
 There are some secretogogue agents currently under investigation by pharmaceuti-
cal companies, such as diquafosol (one of the P2Y2 receptor agonists), rebamip-
ide, gefarnate, sodium (mucous secretion stimulants), and 15(S)-HETE (MUC1 
stimulant). Among them, 2 % diquafosol eye drop is the only one to have been 
thoroughly evaluated positively in clinical trials, proving to be effective in the 
treatment of dry eye in a randomized, double-blind trial in humans to reduce ocular 
surface staining [ 19 ]. 

 Two orally administered cholinergic agonists, pilocarpine and cevimeline, have 
been evaluated in clinical trials for treatment of Sjögren syndrome-associated 
DED. Patients who were treated with pilocarpine at a dose of 5 mg showed a signifi -
cantly greater overall improvement than placebo-treated patients. The most com-
monly reported side effects from this medication were excessive sweating, which 
occurred in over 40 % of patients [ 20 ], diarrhea, and fl ushing. 

 Cevimeline is another oral cholinergic agonist that seems able to signifi cantly 
improve symptoms of dryness and aqueous tear production and ocular surface dis-
ease compared to placebo when taken in doses of 15 or 30 mg. This agent may have 
fewer adverse systemic side effects than oral pilocarpine [ 16 ].   
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24.7.3     Biological Tear Substitutes 

24.7.3.1     Autologous Serum (AS) 
 Autologous serum eye drops have been recommended for the treatment of several 
ocular surface disturbances, such as Sjögren’s syndrome-related tear defi ciency, 
graft-versus-host disease-associated tear defi ciency, neurotrophic keratitis, persis-
tent epithelial defects, superior limbic keratoconjunctivitis, and postoperative dry 
eye induced by LASIK. Subjective improvement in dry eye symptoms in patients 
treated with 20–50 % AS, four to eight times a day, has been reported; objective 
improvement based on fl uorescein staining and breakup time tests also was observed. 
AS is usually well tolerated, and patients usually report improvement of ocular dis-
comfort. Side effects occasionally occur, in terms of increased discomfort, slight 
epitheliopathy, bacterial conjunctivitis, or eyelid eczema [ 21 ].  

24.7.3.2    Salivary Gland Autotransplantation 
 This procedure, indicated only in end-stage dry eye disease with an absolute aque-
ous tear defi ciency (Schirmer test wetting of 1 mm or less), a conjunctivalized sur-
face epithelium, and persistent severe pain despite punctal occlusion and at least 
hourly application of unpreserved tear substitutes, requires collaboration between 
an ophthalmologist and a maxillofacial surgeon. With appropriate microvascular 
anastomosis, 80 % of grafts survive [ 16 ].   

24.7.4     Anti-inflammatory Therapy 

24.7.4.1    Cyclosporine (CsA) 
 CsA is able to signifi cantly decrease conjunctival rose bengal staining, superfi cial 
punctate keratitis, and ocular irritation symptoms. There was no clear dose 
response; CsA 0.1 % produces the most consistent improvement in objective end-
points, whereas CsA 0.05 % shows the most consistent improvement in patient-
subjective symptoms; CsA 0.05 % treatment proved able to signifi cantly greater 
improvements (P < 0.05) in three subjective measures of dry eye disease (blurred 
vision symptoms, need for concomitant artifi cial tears, and the global response to 
treatment). No dose- response effect was noted. No CsA was detected in patients’ 
blood treated with this topical immunosuppressant medication for 12 months. 
Treated eyes had an approximately 200 % increase in conjunctival goblet cell den-
sity, with decreased expression of immune activation and apoptosis markers and of 
infl ammatory cytokine IL-6 by the conjunctival epithelial cells. The numbers of 
CD3-, CD4-, and CD8- positive T lymphocytes in the conjunctiva decreased in 
cyclosporine-treated patients [ 22 ].  

24.7.4.2    Topical Corticosteroids 
 Corticosteroids are the standard anti-infl ammatory agent for numerous basic 
research studies of infl ammation. Corticosteroids are an effective anti-infl ammatory 
therapy also in dry eye disease: several corticosteroid formulations have obtained 
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Level I evidence. In a 4-week, double-blind, randomized study in 64 patients with 
DED and delayed tear clearance, loteprednol etabonate 0.5 % ophthalmic suspen-
sion was found to be more effective than placebo in improving some signs and 
symptoms [ 23 ], and it has been established that clinical improvement of dry eye 
syndrome can be observed after therapy with corticosteroids [ 16 ].  

24.7.4.3    Tetracyclines 
 Tetracyclines and their analogues are effective in the treatment of ocular rosacea, for 
which a single daily dose of doxycycline may be safe and effective. In addition to the 
anti-infl ammatory effects of tetracyclines, their ability to inhibit angiogenesis may 
contribute to their effi cacy in rosacea-related disorders. Despite tetracyclines have 
been used for a long time for management of this disease, no randomized, placebo-
controlled clinical trials have been performed to establish their effi cacy [ 16 ]. 

 Meibomian gland dysfunction (MGD) has been associated with apparent 
aqueous- defi cient dry eye. Use of tetracycline in patients with MGD has been shown 
to decrease lipase production by tetracycline-sensitive as well as resistant strains of 
staphylococci, leading to clinical improvement. Tetracycline derivatives have been 
recommended as treatment options for chronic blepharitis because of their high 
concentration in tissues, low renal clearance, long half-life, high level of binding to 
serum proteins, and decreased risk of photosensitization [ 16 ]. 

 The optimal dosing schedule has not been established; however, a variety of dose 
regimens have been proposed including 50 or 100 mg doxycycline once a day or an 
initial dose of 50 mg a day for the fi rst 2 weeks followed by 100 mg a day for a 
period of 2.5 months, in an intermittent therapeutic-protocol; a recent study sug-
gested that a 3-month course of 100 mg of minocycline might be effective in con-
trolling of signifi cant meibomianitis, as continued control was maintained for at 
least 3 months after therapy cessation [ 24 ]. 

 However, factors that may decrease tear production or increase tear evaporation, 
such as the use of systemic anticholinergic medications and desiccating environ-
mental stresses (e.g., low humidity and air conditioning drafts), should be mini-
mized or eliminated. Video display terminals should be lowered and patients should 
be encouraged to take periodic breaks with eye closure when reading or working on 
a computer. A humidifi ed environment could reduce tear evaporation and lead to an 
improvement in ocular discomfort symptoms [ 16 ] (see Table  24.3 ).       
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         Sjögren’s syndrome (SS) is a systemic autoimmune disease characterized by 
xerophthalmia and xerostomia. Besides sicca syndrome, neurological manifesta-
tions involving both the central nervous system (CNS) and the peripheral nervous 
system (PNS) may be present in SS. 

25.1     Epidemiology of Neurological Involvement in SS 

 The prevalence of neurological manifestations ranges from 10 to 70 % [ 1 ]. 
 The wide spectrum of prevalence data is related to several factors: the different 

diagnostic criteria that were used before and after 2002, defi nition of the disease, 
differences in study populations, and defi nition and method of detection of neuro-
logical involvement [ 2 ,  3 ]. Central nervous system involvement is far less common 
and varies from 2 to 25 % [ 2 ]. The male/female ratio of patients with neurological 
manifestations of SS ranges from 3.8 to 31 [ 2 ]. Neurological involvement may pre-
cede the development of sicca syndrome in 25–65 % of cases [ 4 ]. Disability is more 
frequent in cases of CNS involvement than in cases of PNS involvement [ 1 ].  

25.2     Pathophysiology of Neurological Involvement in SS 

 The pathogenetic mechanisms responsible for neurological manifestations of SS are 
still unknown. 
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 Many hypotheses have been put forth to explain the wide range of neurological 
disorders. As far as PNS involvement is concerned, ganglionitis has been hypoth-
esized in sensory ataxic, autonomic, painful, and trigeminal neuropathy, whereas 
vasculitis is the cause of multiple mononeuropathies and multiple cranial neu-
ropathies [ 2 ]. Cryoglobulins may play a pathogenetic role in sensory-motor neu-
ropathy [ 1 ]. 

 Several studies have suggested that there is an ischemic mechanism in CNS 
involvement [ 3 ]. However, multiple sclerosis-like manifestations are not consistent 
with this explanation. Mononuclear cell infi ltration of the CNS is another hypothe-
sis. Other mechanisms, such as immunologically mediated vascular damage, the 
action of antineural antibodies, or a direct role of anti-SSA antibodies, have also 
been suggested [ 1 ].  

25.3     Diagnosis 

 The typical autoantibodies associated with SS (anti-SSA and anti-SSB) are observed 
in only 40 % of patients with neurological involvement, whereas positivity may be 
as high as 60 % in patients without neurological involvement [ 3 ]. 

 Some autoantibodies (anti-GW182, anti-alpha-fodrin, anti-3 muscarinic recep-
tor) have been described as potential serological markers, but their usefulness is 
uncertain [ 3 ]. 

 Schirmer’s test is positive in 56–89 % of patients with SS-associated neuropathy, 
and Rose Bengal testing is also positive in 69–92 % of patients with SS-associated 
neuropathy [ 4 ]. 

 Biopsy of the minor salivary glands of the lip may be diagnostic in 37–75 % of 
patients with PNS involvement in SS [ 4 ]. 

 Non-serological ancillary testing is more sensitive than autoantibodies in neuro-
logical involvement in SS [ 4 ].  

25.4     Peripheral Nervous System Involvement 

 Various neuropathy subtypes have been reported in SS patients. Sensory neuropa-
thies are the most common manifestations (e.g., small fi ber involvement and sen-
sory ataxic neuropathy), but other subtypes like multiple mononeuropathy, 
polyradiculopathy, sensory-motor neuropathy, cranial neuropathy, and autonomic 
neuropathy have been described [ 2 ,  3 ]. 

 The course of the disease can be subacute or chronic; in some cases it may be 
indolent for many years [ 2 ]. 

 The onset of neuropathy can precede the diagnosis of SS by several years. This 
chronological pattern is more characteristic of ganglionitis-related neuropathies, 
suggesting that, as well as salivary and lacrimal glands, neural tissues, especially 
sensory dorsal root ganglion cells and autonomic ganglion cells, are the primary 
targets in SS. 
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25.4.1     Sensory Neuropathies 

25.4.1.1     Sensory Ataxic Neuronopathy/Sensory Ganglionopathy 
 Sensory ataxic neuronopathy is due to posterior spinal root involvement with lym-
phocytic infi ltration without vasculitis of the dorsal root ganglia [ 2 ,  3 ,  5 ]. 

 This neuropathy is characterized by sensory ataxia without substantial motor 
symptoms. Distal, asymmetrical paresthesias are the heralding symptom. Onset of 
the symptoms ranges from subacute to chronic. Impaired proprioception can go 
from gait instability to severe incapacitation and wheelchair confi nement. 
Pseudoathetosis may be present. Autonomic symptoms have been reported [ 5 ]. 

 Conduction studies indicate axonal damage with reduced amplitude or absent 
sensory nerve action potentials with preservation of compound motor action poten-
tials [ 5 ]. In some patients a posterior column high-intensity signal on T2-weighted 
MRI is observed due to retrograde degeneration of the large afferent fi bers in the 
posterior columns [ 5 ]. 

 Sural nerve biopsy predominantly demonstrates large fi ber loss [ 5 ]. 
 Several treatments have been reported, but randomized controlled trials are lack-

ing. There are reports of the use of intravenous immunoglobulins, plasmapheresis, 
D-penicillamine, infl iximab, interferon alpha, and rituximab [ 5 ].   

25.4.2     Painful Small Fiber Neuropathy 

 It is a painful, sensory neuropathy affecting the nociceptive A-alpha and unmyelin-
ated C-fi bers that relay nociceptive and temperature stimuli [ 5 ]. A burning sensation 
in the feet is the typical symptom, but some patients present patchy burning pares-
thesias in the thighs and legs. This fact suggests a small fi ber sensory neuronopathy, 
rather than a dying-back sensory axonopathy [ 5 ]. 

 Impairment of the superfi cial sensation of pain, temperature, and light touch is 
associated with pain or painful dysesthesia. Deep sensation is well preserved, as is 
motor function. Nerve conduction studies are normal. Sural nerve biopsy shows 
small fi ber loss, but skin biopsy is the standard tool for recognizing painful, small 
fi ber neuropathy by demonstrating the decrease of intraepidermal nerve fi ber den-
sity [ 2 ,  4 ,  5 ]. 

 Treatment is generally symptomatic using antiepileptic agents or tricyclic anti-
depressants and avoiding agents with more anticholinergic side effects. A small, 
uncontrolled trial showed an improvement in neuropathic pain with the use of intra-
venous immunoglobulins [ 5 ].  

25.4.3     Sensory Axonal Polyneuropathy 

 This neuropathy presents with distal, symmetric sensory defi cits of chronic or sub-
acute onset in a glove and stocking distribution [ 5 ]. It is the most characteristic 
peripheral involvement in SS and mainly affects the lower limbs [ 3 ], though the 

25 Neurological Involvement in Sjögren’s Syndrome



352

upper limbs may be affected in 20 % of cases [ 5 ]. Electrophysiological studies show 
axonal impairment of the sensory nerves. Sural nerve biopsy reveals a varying 
degree of reduction of fi ber density, mainly a dying-back axonal degeneration of 
thinly myelinated fi bers without vasculitis [ 3 ]. Treatment is symptomatic with anti-
epileptic agents or tricyclic antidepressants [ 5 ].  

25.4.4     Sensory-Motor Neuropathies 

25.4.4.1     Sensory-Motor Polyneuropathy/Polyradiculoneuropathy 
 There is a wide range in the reported prevalence of sensory-motor polyneuropathy 
in SS patients (6–68 %) depending on whether subclinical motor abnormalities are 
taken into consideration or not. Large-diameter fi bers are involved [ 2 ]. 

 Some patients show a chronic infl ammatory demyelinating polyneuropathy pattern 
in electrophysiological studies. Muscle weakness and sensory symptoms are present. 

 Sensory-motor polyneuropathy may be accompanied by palpable purpura, low 
C4 complement factor and cryoglobulinemia, and an increased risk of developing 
lymphoma [ 5 ]. 

 Polyradiculoneuropathy has an average prevalence of 4–15 % in patients with SS 
neuropathy [ 2 ]. F-wave prolongation with abnormal motor distal latencies is a common 
fi nding in nerve conduction studies. Selective abnormal gadolinium enhancement of 
the dorsal spinal roots and cauda equina are found in the MRI of the lumbar spine [ 2 ]. 

 Cerebrospinal fl uid protein concentration is raised. Sural nerve biopsy shows 
demyelinating changes [ 2 ]. Symptomatic treatment is administered for positive sen-
sory symptoms. Remission of neuropathic manifestations has been reported in 
patients with lymphoma who were treated with CHOP (cyclophosphamide, doxoru-
bicin, vincristine, prednisone) and/or rituximab [ 5 ].   

25.4.5     Multiple Mononeuropathy 

 Although relatively uncommon, the prevalence of multiple mononeuropathy in SS 
patients is reportedly between 6 and 12 % [ 2 ]. 

 Typically, onset is acute or subacute with asymmetric multifocal paresthesias or 
dysesthesias and weakness in the distal limbs [ 2 ]. 

 Trigeminal and autonomic fi bers may be involved as well. Electrophysiological 
studies demonstrate a marked reduction of compound motor action potentials and 
sensory nerve action potentials. Sural nerve biopsy shows a depletion of both large 
and small myelinated fi bers along with axonal degeneration and typical vasculitic 
lesions with perivascular cellular invasion [ 6 ]. 

 Rapid immunosuppressive treatment is needed to prevent permanent axonal 
damage due to ischemic nerve insult in vasculitis [ 5 ]. 

 Along with corticosteroids, cyclophosphamide is the mainstay of treatment. 
Rituximab has been reported as being an effective alternative treatment [ 5 ].  
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25.4.6     Cranial Neuropathies 

 Trigeminal neuropathy is present in 17 % of patients with SS, and typically, the 
sensory branch is involved. The progression of symptoms is indolent [ 2 ]. 

 Besides trigeminal neuropathy, recurrence of other cranial nerve neuropathies, 
mainly facial and cochlear nerve neuropathy, may occur [ 2 ].  

25.4.7     Autonomic Neuropathy 

 Autonomic symptoms can occur in up to 50 % of patients with SS-associated neu-
ropathy [ 2 ,  5 ,  6 ]. However, isolated autonomic involvement is rare (about 3 %). 
Symptoms range from pupillary constriction abnormalities (Adie’s pupils likely 
caused by neuronitis in the ciliary ganglion cells) to severe postural hypotension 
and may include anhidrosis and urinary dysfunction [ 2 ]. 

 Antibodies against type 3 muscarinic acetylcholine receptors have been described 
in SS as a partial explanation for the autonomic dysfunction seen in some patients [ 5 ].  

25.4.8     Myopathy 

 Muscle pain is common in SS, but symptomatic myopathy is uncommon with prev-
alence ranging from 2.4 to 14 % of SS patients. It is often subclinical with normal 
muscle strength and normal serum creatine kinase levels [ 2 ]. 

 Muscle biopsy reveals perivascular infl ammation with perimysial or endomysial 
infi ltrates [ 2 ]. 

 Treatment with steroids and immunosuppressive drugs is similar to infl amma-
tory myopathies not associated with SS.   

25.5     Central Nervous System Involvement 

 CNS involvement in SS is controversial, and its prevalence ranges from 0 to 68 %, 
depending on the heterogeneity of inclusion criteria of each study [ 3 ]. PNS manifes-
tations are present in 30–63 % of patients presenting with CNS involvement [ 2 ,  3 ]. 

 Clinical manifestations can be focal or diffuse [ 8 ]. 

25.5.1     Focal Manifestations 

25.5.1.1     Multiple Sclerosis-Like Manifestations 
 Patients with a syndrome resembling multiple sclerosis have been reported. MRI 
usually shows white matter lesions in the brain and spinal cord [ 2 ,  3 ]. Oligoclonal 
bands are present in cerebrospinal fl uid analysis [ 2 ]. Many patients are seronegative 
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for anti- SSA and anti-SSB and do not complain of sicca syndrome [ 8 ]. The course 
of the disease may be relapsing-remitting or progressive.  

25.5.1.2     Neuromyelitis Optica 
 There is an emerging relationship between neuromyelitis optica (NMO) and SS. In 
about 2 % of NMO patients, a diagnosis of SS is also present [ 4 ]. 

 NMO is a demyelinating disease with relapsing, longitudinally extended trans-
verse myelitis and recurrent optic neuritis. Characteristically, autoantibodies to 
aquaporin-4 are present. Brain lesions are distributed in the hypothalamus, brain 
stem, and periventricular regions, and spinal cord lesions span multiple segments 
unlike what is observed in multiple sclerosis [ 4 ]. 

 Patients affected by NMO and patients affected by NMO and SS have similar 
features which differ only with regard to age at onset (patients with SS are older 
than those with NMO alone).   

25.5.2     Transverse Myelitis 

 Transverse myelitis is an infl ammatory disorder of the spinal cord that presents 
acutely or subacutely [ 4 ,  8 ]. The incidence of myelitis in SS is unknown but at least 
60 cases have been reported in the literature. Transverse myelitis accompanying SS 
usually spans more than three levels of the spinal cord [ 4 ]. 

 Intravenous corticosteroids are the fi rst-line treatment, and monthly cyclophos-
phamide can be administered to patients who do not improve with corticosteroids 
[ 4 ,  8 ].  

25.5.3     Focal Encephalic Manifestations 

 In SS, focal manifestations mainly occur with stroke-like features such as hemiple-
gia, aphasia, cerebellar ataxia, or internuclear ophthalmoplegia. An ischemic mech-
anism has been hypothesized [ 1 ,  3 ]. 

 Moreover, dystonia, chorea, parkinsonism, seizures, and spastic tetraparesis have 
been reported.  

25.5.4     Meningoencephalitis 

 Meningoencephalitis has been reported as a neurological complication of SS. Brain 
MRI can be normal or may show infl ammatory changes both in white and gray mat-
ter or vasculitis. CSF analysis reveals aseptic lymphocytic meningitis [ 3 ,  8 ].   
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25.6     Diffuse Manifestations 

 Diffuse CNS involvement is considered to be more frequent than focal involvement [ 7 ]. 
 Headache, cognitive dysfunction, mood disorders, and fatigue are the symptoms. 
 Brain MRI is normal in 80 % of cases, but SPECT can show cortical hypoperfu-

sion in the frontal and temporal lobes [ 7 ].     
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         Sjögren syndrome (SS) is one of the most common chronic, slowly progressing 
systemic autoimmune diseases. It occurs in 0.1–3.0 % of the general population 
with a prevalence of 0.2–1.4 %. Therefore, it is the second most prevalent autoim-
mune disease after rheumatoid arthritis. The disease predominantly affects women 
with female-to-male ratio of 9:1. It develops mainly between the fourth and sixth 
decades of life [ 1 – 5 ]. Exocrinopathy with keratoconjunctivitis sicca and xerostomia 
are the hallmarks of the disease. However, the diversity of the clinical spectrum and 
disease complications is broad, and approximately half of the patients develop sys-
temic disorders during their disease course [ 1 – 4 ,  6 ]. SS is referred to as “primary 
SS” if it is not associated with other autoimmune diseases; otherwise it is indicated 
as a secondary disease. Most of the work reviewed in this chapter refers to the pri-
mary form unless otherwise specifi ed. 

26.1     Lymphoproliferative Disorders and Sjögren Syndrome 

 A broad spectrum of lymphoproliferative activity has been recognized in patients 
with Sjögren syndrome (SS patients) over the past decades. This spectrum ranges 
from benign to malignant lymphoproliferation [ 6 – 14 ]. A series of case reports and 
studies demonstrated increased levels of circulating monoclonal immunoglobulins 
and free light chains, circulating CD5-positive B cells, and mixed monoclonal cryo-
globulinemia and more importantly a high incidence of malignant non-Hodgkin 
lymphoma (NHL) [ 6 ,  8 ,  15 – 18 ]. There is considerable evidence that Sjögren syn-
drome carries a greater risk of developing NHL compared with other autoimmune 
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diseases [ 6 ,  10 – 14 ,  19 – 21 ]. Moreover, NHL has a detrimental effect on the survival 
of SS patients [ 6 ,  10 – 14 ,  19 ,  20 ].  

26.2     Lymphoma and Sjögren Syndrome 

 The association between lymphoma and autoimmunity has been known for several 
decades [ 19 – 22 ]. The fi rst report of lymphoma in patients with Sjögren syndrome 
was in 1963 [ 15 ]. Thereafter, a number of case reports and studies raised concerns 
about the risk of lymphoma as a major complication in Sjögren syndrome [ 6 , 
 18 – 21 ]. 

 Smedby et al. conducted a population-based, case-control study in Denmark and 
Sweden which included 3,055 NHL patients and 3,187 matched controls who were 
interviewed about their history of autoimmune and chronic infl ammatory disorders, 
markers of severity, and treatment. The overall risk (OR) for NHL was high in 
Sjögren syndrome, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), 
and celiac disease. SS patients had a sixfold increased risk of NHL, which is the 
highest among the four autoimmune diseases (OR was 6.1, 1.5, 4.6, and 2.1, respec-
tively) [ 23 ]. 

 Subsequently, a meta-analysis of fi ve studies conducted between 1987 and 2000 
showed that SS patients had an 18.8 times increased risk of developing NHL com-
pared to the general population. Similarly, NHL risk in SS patients was higher than 
in RA and SLE patients with a standardized incidence ratio (SIR) of 3.9 and 7.4, 
respectively [ 23 ].  

26.3     The Incidence of Non-Hodgkin Lymphoma in Patients 
with Sjögren Syndrome 

 The exact incidence of NHL in SS patients is not well defi ned and has been variably 
reported over the years. This is largely due to disparity in the included number of 
patients and in the duration of follow-up in each series. The main studies are sum-
marized in the following sections (Table  26.1 ).

   Five main studies reported a very high risk of NHL in SS patients with an SIR 
ranging between 33 and 44. In an early work by the National Institutes of Health 
(NIH), 7 out of 136 female SS patients developed NHL 6 months to 13 years after 
being seen at the NIH. Compared to women in the same age range in the general 
population at that time, women with SS had a 43.8 times higher incidence than 
expected [ 24 ]. Similarly, in an Italian series of 331 SS patients, 9 were diagnosed 
with NHL with a relative risk (RR) of 33.3. The incidence rate of NHL was also 
relatively variable, 5.4/1,000 per year in the north and 4.8/1,000 per year in the 
center-south of the country [ 8 ]. 

 In the third study, Davidson et al. identifi ed 3 NHL cases among 100 SS patients 
within 10 years of follow-up. Considering the whole cohort, the relative risk of 
NHL was 14.4. SS patients express autoantibodies targeting the Ro and La 
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components of a ribonucleoprotein. These antibodies are involved in the systemic 
infl ammation of the disease [ 25 ]. In this study, NHL occurred only in the Ro/
La-seropositive patients. Therefore, by restricting the analysis to this subgroup of 
patients, the RR was 49.7, comparable to the level of risk indicated by Kassan et al. 
[ 24 ,  25 ]. Likewise, a signifi cant increase in lymphoma incidence (SIR 37.5) was 
estimated among 112 patients with SS treated at the University College Hospital, 
London [ 26 ]. The fi fth study retrospectively assessed malignancy risk in 1,320 SS 
Chinese patients. With an average follow-up of 4.4 years, patients were found to be 
at higher risk of malignancy compared to the general population. The SIRs for all 
malignancies and for lymphomas were 3.25 and 48.1, respectively [ 27 ]. 

 In two other SS series, higher incidences of NHL in SS patients compared to the 
corresponding matched general population were observed (SIR = 13 and 15.57, 
respectively) [ 28 ,  29 ]. In the Finish series, 3 NHL (2 B-cell and 1 T-cell lymphoma) 
cases occurred compared to 0.23 expected among 110 SS patients within 2, 4, and 
10 years from SS diagnosis [ 28 ], while the follow-up period was of about 7 years in 
the Swedish series during which 11 NHL cases were observed compared to 0.71 
expected [ 29 ]. 

 On the other hand, and compared to the previously mentioned risk rates, four 
studies indicated a lower NHL risk rate in SS (SIR range: 4–9), which was still 
signifi cant compared to the general population. For example, the SIR for NHL was 
8.7 and 4.5 in a cohort of 676 primary SS patients and 709 secondary SS patients 
collected from the Finnish hospitals’ national discharge registry, respectively [ 30 ]. 
In accordance, 7 of 443 Norwegian SS patients were found to have NHL with an 
estimated SIR of 9.0. NHL occurred at a median time of 9.3 years (range: 
6.8–18.2 years) after the diagnosis of SS [ 31 ]. 

 In the third study, Weng et al. analyzed the SIR of NHL among 6,911 Taiwanese 
women affected by SS. Twenty-three patients were documented with NHL resulting 
in an SIR of 7.1 [ 3 ]. More recently, Fallah et al. observed 143 NHL cases after an 
average 9 years of follow-up of 4,570 SS patients with an SIR of 4.9 [ 32 ]. 

    Table 26.1    Studies on the risk of non-Hodgkin lymphoma (NHL) in patients with Sjögren 
syndrome   

 Reference  No. of SS patients  No. of observed lymphomas  SIR (95 % CI) 

 Kassan et al. [ 24 ]  142  7  44.4 (16.7–118.4) 

 Kauppi et al. [ 30 ]  676  11  8.7 (4.3–15.5) 

 Valesini et al. [ 8 ]  295  9  33.3 (17.3–64.0) 

 Davidson et al. [ 25 ]  100  3  14.4 (4.7–44.7) 

 Pertovaara et al. [ 28 ]  110  13  13 (2.7–3.8.0) 

 Lazarus et al. [ 26 ]  112  11  37.5 (20.7–67.6) 

 Theander et al. [ 29 ]  286  11 + 1  15.57 (777–2785) 

 Zhang et al. [ 27 ]  1,320  8  48.1 (20.7–94.8) 

 Weng et al. [ 3 ]  6,911  23  7.1 (425–103) 

 Johnsen et al. [ 31 ]  443  7  9.0 (71–253) 

 Fallah et al. [ 32 ]  14,570  143  4.9 (42–58) 
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 The results of the main studies addressing the relative risk of NHL occurrence in 
SS are summarized in Table  26.1 .  

26.4     Predictive Factors for the Development 
of Non-Hodgkin Lymphoma 

 Several clinical and laboratory factors are thought to be correlated with an increased 
risk of NHL in SS patients. 

 Clinical factors are mainly related to the duration and severity of the disease. 
This may refl ect chronic antigenic stimulation, a mechanism thought to be 
involved in the pathogenesis of lymphoma development. These factors include 
prolonged parotid gland enlargement, lymphadenopathy [ 33 ,  34 ], vasculitis such 
as purpura [ 29 ,  33 ,  34 ], and infl ammatory neuropathy [ 28 ]. The onset of SS at a 
young age has also been linked to greater NHL risk [ 35 ,  36 ]. In a series of 387 
Italian SS patients, Baldini et al. found that salivary gland enlargement and dis-
ease duration are independent risk factors [ 21 ,  37 ]. This is supported by the 
results of a recent study by Solans-Laqué et al. who showed that the cumulative 
risk of developing lymphoma increased from 3.4 % in the fi rst 5 years to 9.8 % 
at 15 years [ 38 ]. 

 In another retrospective study involving 536 SS patients, the presence of neutro-
penia, cryoglobulinemia, splenomegaly, lymphadenopathy, and low C4 levels at 
diagnosis predicted a fi vefold increased risk of marginal zone (MZ) lymphomas 
compared to patients with no risk factors, whereas lymphocytopenia was a risk fac-
tor for diffuse large B-cell (DLBC) lymphoma [ 39 ]. 

 Theander et al. also showed that low CD4+ (hazard ratio, HR = 8.14) and a 
low CD4+/CD8+ ratio (HR = 10.92) are strong predictors of being diagnosed 
with lymphoma [ 29 ]. 

 Other laboratory biomarkers that are considered to be risk factors for NHL 
include mixed monoclonal (type II) cryoglobulinemia, low serum complement (C4) 
levels, and the presence of monoclonal gammopathy in the serum or free light 
chains in the urine [ 22 ,  28 ,  34 ,  40 – 43 ]. Solans-Laqué et al. found that only hypo-
complementemia and lymphocytopenia are independent risk factors. Moreover, 
hypocomplementemia was correlated to higher mortality [ 38 ]. 

 Other more recently identifi ed biologic markers are the presence of germinal 
center-like (GC-like) structures [ 44 ] and the focus score of lymphocytic infi ltration 
of the minor salivary glands of SS patients. The latter is determined by the number 
of lymphocyte foci per 4 mm 2  of glandular tissue [ 45 ]. 

 Theander et al. examined 175 minor salivary gland biopsies performed at base-
line in SS patients. GC-like structures were signifi cantly more frequent in patients 
who later developed NHL versus those without subsequent NHL (86 % versus 
22 %, respectively). It is worth noting that the GC-like structures are detectable 
more than 7 years before lymphoma occurs [ 44 ]. However, they are not part of the 
routine assessment of SS patients. Therefore, measuring the focus score (high ≥3) 
could be an alternative biomarker for identifying patients at NHL risk [ 45 ].  
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26.5     Subtypes of Sjögren Syndrome-Associated 
Non- Hodgkin Lymphomas 

 A remarkable association between mucosa-associated lymphoid tissue (MALT) 
lymphomas and Sjögren syndrome is well recognized [ 31 ,  32 ,  40 ,  46 ,  47 ]. 
Conversely, in more recent studies, DLBC lymphoma was either as frequent as 
MALT or actually the most frequent subtype [ 29 ,  32 ,  48 ,  49 ]. 

 Voulgarelis et al. described 33 cases of NHL in 765 SS patients. SS and NHL 
were diagnosed at the same time in 2 patients and in 31 others at intervals ranging 
from 1 to 36 years after diagnosis. Twenty-three patients (69.7 %) had low-grade 
lymphomas, of which 12 were MALT, 8 were small lymphocytic/plasmacytoid, 1 
was small lymphocytic, 1 was monocytoid B cell, and 1 was follicular mixed large 
and small cell. Ten patients had intermediate- or high-grade lymphomas. Among 
them, three had MALT, fi ve had large-cell immunoblastic, one had DLBC, and one 
had follicular lymphoma subtypes. Median survival of patients in the high/interme-
diate and low histological grades was 1.83 years and 6.33 years, respectively [ 40 ]. 

 In a population-based study by Smedby et al., 12 cases of NHL occurred over a 
range of 2–30 years after SS diagnosis. There was a signifi cant increase in the risk 
of MZ (RR = 28) and DLBC lymphomas (RR = 11) [ 47 ]. 

 Six of the seven SS-associated lymphomas in the Norwegian series were of the 
MALT type. Johnsen et al. reported that among them, four were located in the 
parotid gland and the others in the labial salivary glands, the thymus gland, and 
the lingual tonsil. The seventh presented with concomitant B-cell chronic lympho-
cytic leukemia (B-CLL) and extranodal marginal zone (ENMZ) lymphomas [ 29 ]. 
Similarly, Lazarus et al. found that 8 of the 11 patients with SS-associated NHL 
were MALT type, 1 was high-grade NHL, and 2 were of unknown subtype [ 26 ]. 

 More recently, Papageorgiou et al. evaluated the medical records of all consecu-
tive patients with an initial diagnosis of primary SS at the University of Athens 
between 1993 and September 2013. Of the 77 patients diagnosed with NHL, MALT 
lymphoma constituted the majority (51/77, 66.2 %) of NHL subtypes, followed 
DLBC (12/77, 15.6 %) and nodal marginal zone (NMZ) lymphomas (8/77, 10.4 %). 
Compared to patients with DLBC, MALT lymphoma patients were signifi cantly 
younger (median age was 55 versus 69 years, respectively) and developed lym-
phoma much earlier (median time from SS diagnosis to MALT development was 
65.80 versus 97.54 months, respectively) [ 50 ]. 

 In contrast to the above data, six other studies suggested that the incidence of 
SS-associated diffuse large B-cell NHL is higher than previously estimated [ 27 ,  29 , 
 32 ,  48 ,  49 ,  51 ]. Tonami et al. reviewed 27 reported lymphoma cases in 463 patients 
with Sjögren syndrome. The calculated prevalence of lymphoma in patients with 
Sjögren syndrome was 5.8 %. Twenty-six were NHL and one was Hodgkin disease. 
Of the 26, only 6 were MALT, while the others were diffuse medium ( n  = 10) and 
diffuse large [ 49 ]. 

 In the second study, Vasaitis et al. examined 70 SS-associated lymphomas occur-
ring at a mean follow-up time of 13 years (3–35 years) in 236 SS patients whose 
data were retrieved from the national Swedish patient registry. The percentage of 
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MALT ( n  = 24) and DLBC ( n  = 22) lymphomas was quite similar (34.3 % versus 
31.4 %, respectively). Involvement of the parotid gland was common among the 
MALT ( n  = 18/24; 75 %), but not among the DLBC lymphomas ( n  = 2/22; 9 %). 
There were only a few cases of other lymphoma subtypes: follicular mixed type and 
angioimmunoblastic T cell (two cases each) and follicular medium and T cell-rich 
B-cell type (one case each) [ 48 ]. 

 Theander et al. also revised 12 SS-associated lymphomas, and diffuse large B 
cell was the most frequent subtype (7/12; 58 %), while the other 5 were small lym-
phocytic lymphomas ( n  = 3) and follicular and anaplastic large T-cell NHL (1 case 
each) [ 29 ]. 

 Fallah et al. confi rmed this observation in his recent Swedish series of 143 
SS-associated lymphomas. Diffuse large B-cell lymphoma was the main histologi-
cal subtype ( n  = 41 cases), followed by follicular cell ( n  = 28), mantle cell ( n  = 4), 
and T-cell and small lymphocytic lymphomas (one each). In addition, this cohort 
included 15 other unspecifi ed NHL subtypes [ 32 ]. 

 Voulgarelis and colleagues evaluated 584 SS patients who were diagnosed 
between 1980 and 2010, of whom 53 subsequently presented NHL, the majority of 
which were MALT (59 %) lymphomas. Nodal marginal zone lymphoma and DLBC 
lymphoma made up 15 % each. The remaining 11 % ( n  = 6) were lymphoplasma-
cytic NHL ( n  = 2) and small lymphocytic NHL, follicular NHL, peripheral T-cell 
NHL unspecifi ed, and classic Hodgkin disease (one case each) [ 51 ]. 

 In the Chinese cohort, seven of the eight SS-associated NHL patients had B-cell 
NHL and only one had T-cell NHL. Four B-cell NHLs were confi rmed by parotid 
biopsy. 

 A similar number of pathologic subtypes of B-cell type, including diffuse large 
B-cell lymphoma and lymphomas of mucosa-associated lymphoid tissue (two cases 
each), one intravascular large B-cell lymphoma, and two B-cell lymphomas, unclas-
sifi able, were seen [ 27 ].  

26.6     Pathologic Features and Underlying Mechanisms 

 Any type of malignant lymphoma can affect the salivary glands, either primarily or 
secondarily [ 52 ,  53 ]. A further distinction should be made between tumors involving 
the gland parenchyma and those affecting the lymph nodes comprised within it, the 
latter being at times erroneously considered primary events. Herein, only “de novo” 
lymphoid tumors of the salivary glands will be discussed. These are indeed rare 
(about 7 % of all lymphomas of the head and neck) and more frequently affect the 
parotid gland (78 %) [ 54 ,  55 ]. The histotype can vary from follicular lymphoma [ 56 ] 
to Hodgkin lymphoma [ 57 ], although ENMZ/MALT lymphoma represents the most 
common variety [ 58 ,  59 ], thus warranting a detailed description also in the light of its 
shared association with SS and hepatitis C virus (HCV) infection [ 7 ,  58 ,  59 ]. 

 From a morphologic point of view [ 58 ], ENMZ lymphoma consists of small- to 
medium-sized cells that display variable profi les. They may resemble centrocytes 
with cleaved nuclei, monocytoid B cells with a wide rim of clear cytoplasm and 
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distinct borders, or more rarely, small mature lymphocytes. The number of mitotic 
fi gures is usually low. Features of plasma cell differentiation are commonly seen, at 
times becoming prominent. Some blasts are always scattered throughout: they do 
not affect the clinical behavior unless they form either clusters consisting of at least 
20 elements or sheetlike proliferations which are regarded as indicative of transfor-
mation into a DLBC lymphoma. Such population most often develops around reac-
tive secondary follicles in a marginal zone distribution. Importantly, the follicles can 
be colonized by neoplastic cells. In the most common situation, tumoral elements 
overrun the lymphoid follicles, leaving behind scattered germinal center cell frag-
ments and dispersed mantle zone cells resulting in a vague nodular pattern. At times, 
they may selectively infi ltrate, replace, and expand germinal centers, resulting in an 
appearance that mimics follicular lymphoma. 

 An important diagnostic feature of MALT lymphomas is usually the presence of 
lymphoepithelial lesions, defi ned by the infi ltration and distortion of epithelial struc-
tures by aggregates of (usually three or more) neoplastic cells [ 58 ]. This is not the case 
in the setting of the salivary glands. In fact, the tumor generally develops on a back-
ground of a myoepithelial sialadenitis/benign lymphoepithelial lesion [ 58 ]. When 
fully developed, the latter comprises atrophic acinar tissue infi ltrated by small lym-
phocytes and plasma cells, often with reactive lymphoid follicles and characteristi-
cally with numerous epimyoepithelial islands. The fi rst morphologic manifestation of 
ENMZ lymphoma is the presence of halos or collars of neoplastic cells around the 
epimyoepithelial islands. Such infi ltrates usually show immunoglobulin light chain 
restriction and clonal IgVH rearrangement by polymerase chain reaction (PCR) (see 
below). More advanced lymphomas reveal expansile, often destructive proliferations 
of neoplastic MZ cells “cavitating” preexisting benign lymphoepithelial lesions. 

 Immunohistochemistry shows that neoplastic cells bear the following profi le: 
CD20+, IgM (>IgA > IgG) +, W>IgD-, CD5-, CD10-, BCL6-, and cyclin D1 (1, 7). 
Such phenotype allows to exclude mantle cell lymphoma and follicular lymphoma 
but is not per se pathognomonic. The IRTA1 monoclonal antibody is the only cur-
rently existing specifi c marker that reacts with more than 90 % EMZLs [ 60 ]. In 
particular, the “balls” of neoplastic cells growing within the lymphoepithelial 
lesions display very strong staining. Unfortunately, although extensively applied in 
some centers, the IRTA1 monoclonal antibody is not yet commercially available. 
Aberrant CD43 expression occurs in about half of the cases. In properly fi xed mate-
rial, monotypic restriction of Ig light chains is easily detected in both the perinuclear 
spaces of neoplastic cells and the associated plasma cell component, which also 
expresses IRF4/MUM1. The stains for CD21 and CD23 highlight remnants of 
 follicular dendritic cells. Lastly, in case of follicular colonization, lymphomatous 
elements progressively lose IRTA1 and acquire BCL6 in the absence of CD10 
 staining [ 60 ]. The latter fi nding is indeed useful for distinguishing colonized 
 follicles from residual follicles (CD10+ BCL6+). 

 PCR studies based on the BIOMED-2 approach detect a monoclonal Ig rearrange-
ment in most, if not all, cases [ 58 ]. Ig sequencing shows a high load of somatic muta-
tions, which can become ongoing in case of follicular colonization. Conversely to 
what is seen in lymphoplasmacytic lymphoma, MYD88 mutations rarely occur [ 61 ]. 
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Three chromosomal translocations [t(11;18)(q21;q21)/API2-MALT1, t(14;18)
(q32;q21)/IgH-MALT1, t(1;14)(p22;q32)/(IgH-BCL10)] can be detected in the 
ENMZLs of the salivary glands, while to the best of the authors’ knowledge, the 
t(3;14)(p14;q32)/IgH-FOXP1 has not never been detected [ 58 ]. The three transloca-
tions seem to promote lymphoma development by a shared mechanism. In particular, 
they trigger NF-kB activation, a transcription factor that controls lymphocyte prolif-
eration and apoptosis via the deregulation of BCL10 or MALT1 expression. The 
t(14;18)(q32;q21)/IgH-MALT1 represents the most commonly reported transloca-
tion in the setting of salivary gland MALT lymphoma, the remaining two being much 
rarer or even exceptional [ 58 ].  

26.7     The Outcome of Patients with Sjögren 
Syndrome- Associated Lymphomas 

 The prognosis of lymphoma is widely variable depending on the histological sub-
type and grade as well as other factors such as disease stage. In general, low-grade 
lymphomas such as MALT lymphomas have a very good prognosis, and 5-year 
survival is approximately 90 %. On the other hand, aggressive forms like diffuse 
large B-cell lymphoma have a 5-year survival of 60 %. 

 Three relatively large studies examined the outcome of patients with SS-associated 
lymphomas [ 39 ,  40 ,  62 ]. 

 In 1999, Voulgarelis et al. investigated the survival of 33 SS-related lymphoma 
patients categorized by histological subtype and showed that the median survival 
of patients with the high/intermediate histological grades was 1.83 years, while of 
low grades it was 6.33 years. The presence of B symptoms and largest tumor 
diameter >7 cm, along with histological classifi cation, were associated with worse 
survival [ 40 ]. 

 Pollard et al. explored the clinical course of patients with localized MALT lym-
phoma of the parotid gland that is linked to Sjögren syndrome. Lymphoma occurred 
in 35 cases out of 329 SS patients at a median follow-up of 76 months (range 
16–153 months). Treatment was “watchful waiting” ( n  = 10), surgery ( n  = 3), radio-
therapy ( n  = 1), surgery combined with radiotherapy ( n  = 2), rituximab alone ( n  = 13), 
or rituximab combined with chemotherapy ( n  = 6). Fourteen patients achieved com-
plete CR, while stable disease was achieved by 20 patients and partial response by 
1 patient. High SS disease activity was a poor prognostic factor for the progression 
of lymphoma and/or SS. The authors suggested that such patients should receive 
treatment despite having localized indolent lymphoma [ 62 ]. 

 Papageorgiou and colleagues analyzed overall and event-free survival (OS and 
EFS) in the largest and most recent cohort of 77 SS-associated NHL patients. Events 
were lymphoma relapse, treatment failure, disease progression, histological trans-
formation, or death. Ten patients died, fi ve suffered a relapse, two experienced pro-
gression/transformation, and fi ve patients developed other hematological 
malignancies that included T-cell NHL (two cases) and multiple myeloma, Hodgkin 
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disease, and thymoma (one case each). Seven of the deaths were due to neutropenic 
sepsis, two were due to relapse, and one death was attributed to reasons other than 
lymphoma or treatment-related causes. The 5-year OS and EFS for the entire NHL 
cohort was 90.91 % and 77.92 %, respectively. Depending on NHL subtypes, the 
5-year OS was 94.12 % for MALT versus 87.5 % for NMZ, 75.0 % for DLBC, and 
100 % for other lymphoma subtypes. The 5-year EFS was 86.27 % for patients with 
MALT, 62.5 % for patients with NMZ lymphoma, 50.0 % in DLBC lymphoma 
patients, and 83.3 % for other lymphoma subtypes. Survival differences between 
MALT and DLBC lymphomas were statistically signifi cant [ 50 ]. The studies also 
revealed that the severity of SS disease (using the disease activity score) negatively 
impacts on the prognosis of NHL patients. Compared to patients with low SS dis-
ease activity, those with high disease activity had a greater risk of death (OR = 5.241) 
or of an event (OR = 4.317). Consequently, they had signifi cantly worse EFS and 
OS. The authors also recognized additional predictors of lymphoma prognosis, such 
as an elevated the lymphoma international prognostic index (IPI) score and bone 
marrow involvement. After adjustment for identifi ed risk factors, IPI score retained 
a signifi cant effect on survival outcomes followed by a strong trend for SS disease 
activity score [ 50 ]. 

 A diagnosis of lymphoma worsens expected survival in SS patients [ 32 ,  38 , 
 51 ,  63 ]. Horvath and colleagues showed that having a lymphoproliferative disease 
during the course of SS disease increased the risk of mortality. Likewise, Voulgarelis 
and coworkers found that lymphoma was the main cause of death in patients with 
SS with a standardized mortality ratio of 3.25 in patients with lymphoma and 1.08 in 
patients without lymphoma [ 51 ]. 

 A number of studies examined the outcome of SS-related lymphomas with spe-
cifi c types of therapy [ 39 ,  40 ,  64 ]. Ambrosetti and colleagues observed no signifi -
cant differences in outcomes between SS patients with salivary MALT lymphomas 
who had undergone a variety of treatment modalities and those who were only 
observed [ 39 ]. This is consistent with a previous study which demonstrated that 
both SS and SS-associated salivary MALT lymphoma patients have a similar clini-
cal course with a median overall survival of 6.4 years [ 40 ]. 

 Voulgarelis and coauthors reported a 75 % CR rate with the purine analog 
2-chloro-2-deoxyadenosine (2-CdA) in four SS-associated B-cell lymphoma 
patients during a 4-year follow-up. Interestingly, SS manifestations improved as 
well. Authors suggested that pronounced 2-CdA-induced T-cell depletion exerts an 
additional therapeutic effect in SS patients. Due to the small cohort and short fol-
low- up, investigators could not come to any defi nitive conclusions on the therapeu-
tic role of 2-CdA in SS-associated lymphoma [ 65 ]. 

 Rituximab is a therapeutic agent used in the treatment of SS, with or without 
associated MALT lymphoma. Fifteen patients with primary SS were included in a 
phase II trial exploring the safety and effi cacy of rituximab in SS patients ( n  = 8) 
and SS-related MALT lymphomas ( n  = 7). Of the seven patients with MALT lym-
phomas, CR was achieved in three, stable disease in three, while one patient pro-
gressed [ 64 ]. 

26 Lymphoproliferative Disorders Associated with Sjögren Syndrome



366

 On the other hand, R-CHOP is the treatment of choice in SS-related aggressive 
NHL [ 66 ,  67 ]. Six SS patients with DLBC lymphoma were assigned to receive eight 
cycles of R-CHOP in a phase II trial. Patients were compared to a historic control of 
nine DLBC lymphoma patients treated with CHOP alone. A signifi cant difference 
was observed in OS between the two groups, with a 2-year OS of 100 % in the 
R-CHOP-treated group versus 37 % in the control group. SS-related symptoms 
were also better in the study group, thus refl ecting the immunogenic effect of ritux-
imab on SS [ 67 ].  

    Conclusions 

 In summary, the risk of developing lymphoma in SS patients is considerably higher 
than in the general population. The majority of SS patients develop low-grade, usu-
ally ENMZ/MALT lymphoma subtype. High-grade DLBC lymphoma is seen in 
10–15 % of SS-related lymphoma patients. The incidence of DLBC lymphoma 
seems to be underestimated in SS patients, and some studies showed that DLBC 
subtypes occur at rates similar to or even higher than that of low-grade lymphomas. 
Several clinical features and laboratory biomarkers are correlated to the risk of lym-
phoma in SS patients. However, there is currently not enough evidence to support 
their use in routine clinical practice. SS patients who are diagnosed with lymphoma 
have worse survival compared to SS patients who have no lymphoma. Studies on 
the mechanisms underlying lymphomagenesis in SS patients are ongoing.     
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27.1             Introduction 

 Sjögren’s syndrome (SS) is defi ned both as an autoimmune and a lymphoprolifera-
tive disease [ 1 ,  2 ]: in fact, B cells are overexpanded since the onset of the disease. 
SS is a disorder of mucosa-associated lymphoid tissue (MALT). Autoimmune epi-
thelitis is also a crucial event [ 3 ]. 

 The risk of B-cell lymphoma evolution is markedly increased in SS [ 4 ] (about 
5 % of patients), and B-cell overexpansion represents a predisposing factor for non- 
Hodgkin’s lymphoma (NHL), usually involving MALT tissue. Of note, patients 
may progress from a fully benign lymphoproliferation to an overt B-cell NHL 
through intermediate stages [ 5 ]. 

 This wide spectrum of manifestations offers the opportunity to analyze in detail 
the etiopathogenetic events involved in the process of B-cell lymphomagenesis, by 
using SS as a model.

   Cryoglobulinemia, with or without a concomitant cryoglobulinemic vasculitis 
(CV), and the persistent swelling of the major salivary glands (usually the parotids) 
represent the two main risk factors for B-cell NHL evolution in SS. 

 Understanding the mechanisms involved in the transition from B-cell overexpan-
sion to lymphoproliferation might lead to the development of more effective and 
targeted treatments still currently lacking in SS.  
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27.2     The Classification of SS-Related Lymphoproliferation 
of MALT 

 The diagnosis of B-cell malignancy is based on tissue biopsy, and the B-cell malig-
nancy in SS is classifi ed according to the current standards [ 6 ]. The integration of 
clinical, pathologic, and molecular results is crucial in diffi cult cases. The pro-
posed classifi cation, discussed at international levels [ 7 ], distinguishes between 
fully benign lymphoproliferation (a feature of SS) and nonmalignant lymphopro-
liferative disorder (a more advanced stage toward B-cell malignancy). These pro-
cesses may involve different MALT sites, the lymph nodes, and more rarely the 
bone marrow, and may be associated with hypergammaglobulinemia, positive 
M-component, and/or cryoglobulinemia (polyclonal, oligoclonal, or monoclonal). 

  Fully benign lymphoproliferation  is usually represented either by infi ltrates 
without histological sign of malignancy in MALT sites or reactive lymphadenopa-
thy in the absence of serum M-component [ 7 ]. 
 In lymphoepithelial or myoepithelial sialadenitis (MESA) with benign lymphoid 
infi ltrates, the lobular architecture of the gland is preserved. Lymphoepithelial 
lesions are characterized by monocytoid and marginal zone B cells (centrocyte- 
like). Reactive follicles without expansion of the mantle or marginal zones are also 
present, and small lymphocytes and plasma cells (usually not in broad sheets) are 
prominent in the interfollicular regions. 

 Several MALT sites may be involved, including gastric MALT lesions up to a 
grade 2 [ 8 ,  9 ]. 

  The nonmalignant lymphoproliferative disorder  includes the cases of “lym-
phoproliferative lesion” in MALT sites, nodal atypical lymphoproliferative disorder 
[ 10 ], and monoclonal cryoglobulinemia or M-component in biologic fl uids [ 7 ]. 

 In MESA with “lymphoproliferative lesions,” the process is diffuse or multifocal 
within the gland. Islands of acini are often preserved, while aggregates of centrocyte- 
like cells may be present within a diffuse lymphoid infi ltrate. Nonconfl uent 
centrocyte- like cell “halos” surrounding the lymphoepithelial lesions are often 
observed. Lymphoepithelial aggressiveness may be pronounced. Areas of immuno-
globulin light-chain restriction may be also present. 

 Conversely, in  low-grade MALT-type marginal zone B-cell lymphomas , a 
dense lymphoid infi ltrate diffusely involving the gland is usually observed. It can 
occur as a localized mass, with obliteration of acini. Lymphoid cells and plasma 
cells present monotypic immunoglobulin expression. Plasmacytic differentiation 
may occur. A large cell component may be detected. Reactive lymphoid follicles 
and lymphoepithelial lesions are usually prominent as observed in MESA. However, 
in contrast with MESA, centrocyte-like cells form broad interconnecting strands 
between lymphoepithelial lesions (key feature) and broad “halos” around the epi-
thelial cell nests. 

 Gastric MALT lesions of grades 3 and 4 according to Wotherspoon and Isaacson 
[ 8 ] and lymphoproliferative lesions not presenting defi nite malignant features are 
considered SS-related nonmalignant lymphoproliferative disorders [ 9 ]. 
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 An accurate pathologic evaluation is critical in distinguishing between nonmalig-
nant and low-grade malignant lymphoproliferation of MALT. B-cell monoclonality 
alone is not a criterion to establish B-cell malignancy [ 7 ]. Different patterns of tissue 
B-cell expansion can be identifi ed by molecular analyses in SS-related MALT lesions 
by studying synchronous and metachronous tissue lesions, implying a different risk 
of lymphoma progression: polyclonal, oligoclonal or monoclonal expansion without 
clonal persistence, monoclonal expansion with clonal persistence, and monoclonal 
expansion with dissemination. Then, molecular analyses of B-cell clonal expansion 
proved to be of major value for prognosis, rather than for diagnosis [ 7 ].  

27.3     The Pathogenesis of SS-Related Lymphomas of MALT: 
Lessons from Infection-Related Lymphomas 

 Gastric B-cell NHL of MALT, associated with  H. pylori  infection, is the most 
important model of infection-related acquisition of lymphoid tissue and B lympho-
magenesis [ 8 ]. Other infection-related B-cell NHLs include those related to hepati-
tis C virus (HCV),  Chlamydia psittaci  (ocular adnexa),  Borrelia burgdorferi  (skin), 
and  Campylobacter jejuni  (small intestine) [ 11 ]. These associations support the role 
of an infectious trigger in boosting the expansion of a B-cell clone. However, sub-
sequent stochastic oncogenetic events are necessary to make the clone proliferation 
in part or fully independent from the initial infectious trigger. Thus, the observation 
that infection-related NHLs may often respond to the eradication of the infectious 
trigger, though the expanded B-cell clone persists in tissues (as detected by molecu-
lar studies), is not surprising. In addition, the malignant B-cell clone is not directed 
toward the infectious agent, supporting the concept that autoreactivity is implicated 
in infection-related B-cell lymphomagenesis [ 11 ]. 

 Overall, one can speculate that mechanisms occurring in MALT lesions of SS 
share some similar pathogenic events in infection-related lymphomagenesis.  

27.4     Rheumatoid Factor Specificity of SS-Related 
Lymphomas 

 SS-related lymphomas and also a fraction of B-cell lymphomas related to infection 
(see above) appear to derive from B cells involving immunoglobulin genes associ-
ated with autoantibody production [ 12 ,  13 ]. 

 The expansion of anti-SSA/SSB and rheumatoid factor (RF)-positive clones in 
SS salivary glands is frequently observed also in the absence of a frank lymphopro-
liferation. In MESA and in B-cell lymphomas in SS, the expanded clones often 
show a biased VH and Vk gene usage (e.g., VH1-69, VH3-7, VH4-59, Kv325, and 
Kv328), particularly VDJ combinations (e.g., VH1-69/DP10-D-JH4, VH3/DP54- 
DH21/9-JH3, VH4/DP71-D2-JH2), and similarity with RF database sequences 
[ 13 – 19 ]. 
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 Interestingly, these sequences are similar to those detected in HCV-related lympho-
mas [ 20 ]. Martin and coworkers documented the B-cell NHLs in SS produced RFs [ 17 ]. 
Overall, malignant B-cell lymphoproliferation in SS does not appear to involve the 
B-cell clones producing anti-SSA/SSB antibodies, but, rather, the RF autoantibodies.  

27.5     B-Cell Expansion in MALT Sites in SS 

 The development of ectopic lymphoid structures (ELSs) in labial salivary gland 
biopsies of patients with SS has been well described [ 21 – 24 ]. The defi nition of ELS 
is based on the presence of periductal lymphomonocytic cell clusters characterized 
by T and B lymphocytes and the differentiation of CD21+ follicular dendritic cell 
(FDC) networks. The hypothesis that the lymphoneogenetic process is controlled by 
reactivation of pathways physiologically involved in secondary lymphoid organ 
development is supported by the observation of increased levels of lymphoid che-
mokines CXCL13 and CCL21 in salivary glands (SGs) of patients with SS with 
lymphoid features. 

 The identifi cation of lymphoid chemokines in the SG of SS suggests that alterna-
tive cell types may express lymphoid chemokines during chronic infl ammation. 
Importantly, both resident, nonlymphoid cells and infi ltrating immune cells have 
been shown to produce lymphoid chemokines in the target organ. Ductal epithelial 
cells, together with infi ltrating mononuclear cells, were the main source of lym-
phoid chemokines, supporting the notion that the periductal organization of the 
lymphoid aggregates in SS might be dependent on chemokine gradients displayed 
by epithelial cells [ 25 – 27 ]. Thus, growing levels of evidence support that subsets of 
stromal cells and infi ltrating immune cells are critical in the development of ELS in 
the SG of SS. 

 Lymphomas are the main cause of increased mortality in SS. Evidences that 
MALT-NHL development is the result of an antigen-driven immune response comes 
from the observation that in gastric MALT-NHL malignant marginal zone B-cell 
proliferation is dependent on  H. pylori -specifi c T cells [ 28 ,  29 ], and eradication of 
 H. pylori  may result in tumor regression [ 30 ]. Similarly, in SS, the evidence that a 
common clonal lineage exists between the polyclonal and later monoclonal B-cell 
population with progression from lymphoepithelial lesions toward SG and extrag-
landular MALT-NHLs [ 14 ,  15 ,  31 ] strongly suggests that SS-MALT-NHL is a mul-
tistep antigen-driven process. SS-related MESA and MALT-NHLs of the parotids 
often display IgVH-CDR3 with RF homology [ 13 ,  17 ,  32 ], suggesting a cross talk 
between autoimmunity and lymphomagenesis, potentially supported by a chronic 
antigenic stimulation. 

 A study analyzing labial SG biopsies obtained at the time of diagnosis of SS 
patients who later developed parotid MALT-NHL showed that ELSs were present in 
over 75 % of these patients several years before malignant transformation [ 33 ]. These 
data were confi rmed in a large cohort of SS patients, where the presence of ELS in 
labial SG at diagnosis conferred a 15-fold increased risk of B-cell lymphoma com-
pared to SS patients with a positive biopsy but without features of ELS [ 34 ]. 
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 Thus, severe lymphoproliferation of salivary MALT is associated with a higher 
risk of NHL in SS. This might be detectable in labial salivary gland biopsies at the 
time of diagnosis by routine light microscopy of H&E sections. The assessment of 
lymphoid features of labial salivary glands should be routinely performed in SS. 

 The early identifi cation of lymphoproliferation features would also allow the 
recognition of a subset of SS patients with a more severe disease phenotype, which 
would potentially benefi t from a more intensive follow-up and treatment [ 35 ,  36 ].  

27.6     Cryoglobulinemia Developing: Lessons from 
HCV- Related Cryoglobulinemia 

 In HCV-related cryoglobulinemic vasculitis, HCV infection triggers the expansion 
of RF-positive clones. Why this preferentially occurs in the course of HCV infec-
tion, when compared to other chronic infections, is still controversial. A study dem-
onstrated that RFs in HCV-related cryoglobulins also recognize the HCV epitope 
NS3 and reported that NS3 HCV peptide can induce the production of an anti-HCV 
antibody with RF capacity [ 37 ]. These observations support a possible mechanism 
for infections in triggering autoimmunity, i.e., a double antibody reactivity or a 
mechanism of molecular mimicry. 

 Cryoglobulinemia detection is a red fl ag for lymphoma. Indeed, nearly a half of 
SS patients with lymphoma present with circulating cryoglobulins, also in the 
absence of HCV infection. The identifi cation of other triggers in SS deserves addi-
tional study.  

27.7     The Clinical Picture of Cryoglobulinemic 
Vasculitis in SS 

 New classifi cation criteria for cryoglobulinemic vasculitis (CV) have been recently 
published [ 38 ] and validated [ 39 ] (Table  27.1 ). The presence of serum mixed cryo-
globulinemia, i.e., serum positivity of cryoglobulins, occurs in about 10–15 % 
patients with SS [ 38 ], while a frank clinical CV is less frequent, though it greatly 
affects the SS-related morbidity [ 40 ]. 

 The biologic and, to some extent, the clinical characteristics of HCV-unrelated 
CV may be different from HCV-related CV. A sub-analysis of the sensitivity and the 
specifi city of the CV classifi cation criteria was performed in 55 SS patients carrying 
serum cryoglobulins with or without the clinical picture of CV (CwV) [ 41 ]. This 
sub-analysis demonstrated that sensitivity and specifi city of the classifi cation crite-
ria for the CV in SS patients were high: 88.9 % and 91.3 %, respectively [ 41 ]. No 
statistical differences between SS-CV and SS-CwV patients were observed as 
regard to clinical features of lymphoproliferation, including lymphadenopathy, 
splenomegaly, salivary gland swelling, lacrimal gland swelling, and B symptoms, 
while the prevalence of a lymphoproliferative disorder per se was more frequent in 
CV than in CwV (nonmalignant lymphoproliferative disorder in 13/29 in CV vs. 
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4/26 in CwV, malignant lymphoma in 10/29 CV vs. 3/26 CwV). Furthermore, as 
compared to SS-CwV, SS-CV was more frequently characterized by the presence of 
type II cryoglobulinemia and NHL [ 42 ]. 

 Skin vasculitis in the course of SS was deeply investigated by a recent Italian 
collaborative network of rheumatologic centers [ 43 ]. A total of 652 SS patients were 
examined, and cryoglobulinemic purpura was well differentiated from hypergam-
maglobulinemic purpura. Peripheral neuropathy, low C4, leukopenia, serum mono-
clonal component, and the presence of anti-SSB/La antibodies characterized CV, 
whereas RF, leukopenia, serum monoclonal component, and anti-SSA/Ro antibod-
ies were signifi cantly associated with hypergammaglobulinemic purpura. A lym-
phoma was associated only with CV. While hypergammaglobulinemic purpura in 
SS seems to be related to a benign B-cell proliferation, CV seems to be a systemic 

   Table 27.1    Classifi cation criteria for cryoglobulinemic vasculitis   

 (i)  Questionnaire item : at least 2 out of the following: 

   Do you remember one or more episodes of small red spots on your skin, particularly 
involving the lower limbs? 

   Have you ever had red spots on your lower extremities, which leave a brownish color after 
their disappearance? 

   Has a doctor ever told you that you have viral hepatitis? 

 (ii)  Clinical item : at least 3 out of the following 4 (present or past): 

 Constitutional symptoms  Fatigue 

 Low-grade fever (37–37.9 °C, >10 days, no other cause) 

 Fever (>38 °C, no other cause) 

 Fibromyalgia 

 Articular involvement  Arthralgias 

 Arthritis 

 Vascular involvement  Purpura 

 Skin ulcers 

 Necrotizing vasculitis 

 Hyperviscosity syndrome 

 Raynaud’s phenomenon 

 Neurologic involvement  Peripheral neuropathy 

 Cranial nerve involvement 

 Vasculitic CNS involvement 

 (iii)  Laboratory item : at least 2 out of the following 3 (present) a : 

   Low serum C4 

   Presence of serum rheumatoid factor 

   Presence of serum monoclonal component 

  Satisfi ed if at least two out of three items (questionnaire, clinical, laboratory) are positive. The 
patient must be positive for serum cryoglobulins in at least two determinations at ≥12-week 
interval 
  CNS  central nervous system 
  a The fulfi llment of the laboratory item in a patient satisfying the criteria highlights the possible pres-
ence of cryoglobulinemic vasculitis even in the absence of serum cryoglobulins by initial testing  
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immune complex-mediated vasculitis with complement activation and a high risk of 
lymphoma. CV, but not hypergammaglobulinemic purpura, can be envisaged in SS 
as a prelymphomatous condition [ 43 ].  

27.8     Relationship between SS-Associated Cryoglobulinemia 
and MALT Lymphoproliferation 

 B-cell NHL is a well-described complication in a subset of patients with CV sec-
ondary to HCV infection [ 44 ]. However, CV may also occur in HCV-negative 
patients, including subjects with SS. Of note, HCV-related CV and SS-associated 
HCV-unrelated CV are both associated with mixed cryoglobulinemia and predis-
pose to B-cell NHL. 

 While lymphomas complicating the course of HCV-related CV usually involve 
the bone marrow [ 44 ,  45 ], B-cell NHL complicating the course of SS usually 
involves the MALT sites [ 1 ,  7 ,  31 ,  46 ]. 

 Cryoglobulinemia appears to be linked to MALT lymphoproliferation in SS and 
shows a different biologic background when compared to HCV-associated 
cryoglobulinemia. 

 Recently, our group further elucidated this aspect [ 47 ]. First, molecular analyses 
of bone marrow B-cell clonal expansion were performed in consecutive SS cases 
with mixed HCV-unrelated cryoglobulinemia and compared with classical HCV- 
associated CV patients without SS. A polyclonal pattern was more frequently 
observed in SS patients with type II or type III mixed cryoglobulinemia, while a 
B-cell oligo-/monoclonal expansion was more frequently detected in HCV-related 
CV. Furthermore, the bone marrow was rarely involved in SS-related lymphomas 
supporting the crucial role of chronic infl ammation and lymphoproliferation of sali-
vary MALT in predisposing to lymphoma [ 34 ,  47 ]. Lastly, in the patient with SS, 
CV, and parotid B-cell NHL of MALT, bilateral parotidectomy results in a decrease 
in serum RF and cryoglobulins, implying a critical role of salivary MALT for the 
production of cryoglobulins [ 47 ].  

27.9     Upregulation of B-Lymphocyte Stimulator 
and Lymphoproliferation 

 The B-lymphocyte stimulator (BLyS), also called B-cell activating factor (BAFF), 
was identifi ed in 1999. Transgenic mice overexpressing BLyS developed critical 
lymphoid proliferation in blood and in the marginal zones of lymph nodes and high 
titers of immunoglobulins and autoantibodies, such as RF, anti-DNA antibodies, 
and sometimes cryoglobulins. As these mice aged, they also developed a lupus-like 
glomerulonephritis or a Sjögren’s-like syndrome (with salivary gland infl ammatory 
infi ltration) and eventually a B-cell lymphoma [ 48 – 50 ]. 

 Consonant with these observations, high levels of BLyS in the serum and/or in 
the affected tissue have been detected in SS and in CV [ 51 – 53 ]. Furthermore, a 
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strong BLyS upregulation has been in SS associated with lymphoproliferation, 
either nonmalignant or malignant [ 54 ]. In addition, anti-BLyS therapy with belim-
umab proved to be effective in a preliminary open study in 30 patients with primary 
SS, all anti-SSA or anti-SSB positive [ 55 ,  56 ]. These observations strongly support 
pathogenetic implication of BLyS in SS. 

 Of note, anti-CD20 therapy with rituximab may not deplete the B-cell infi ltrate 
in the SS salivary tissue [ 57 ]. Indeed, the local expression of BLyS in the MALT 
tissue is crucial for tissue resistance to B-cell depletion as shown in a murine 
model [ 58 ]. 

 Rituximab or belimumab alone is ineffective in inducing a regression of low- 
grade parotid lymphoma of MALT. However, we recently reported that only a 
sequential use of rituximab preceded by belimumab resulted in a regression of 
low-grade parotid lymphoma of MALT [ 59 ]. One can speculate that, being effec-
tive on MALT, the sequential or combined use of anti-BlyS and anti-CD20 therapy 
might be effective not only in severe SS but also on sicca manifestations in this 
disease [ 59 ].  

    Conclusions 

 In SS, the local MALT microenvironment sustains the local expansion of B cells. 
A fi rst pathogenic trigger, such as an infection, may lead to local infl ammation, 
which in turn stirs up an autoimmune process. 

 The chronic stimulation of RF-positive B cells in the MALT microenviron-
ment causes their preferential expansion in SS, leading to an increased risk for 
B-cell lymphoma. Lymphoma transformation may occur when stochastic oncoge-
netic events occur. The RF produced by the B-cell clones, either nonneoplastic or 
neoplastic, may behave as a cryoglobulin and possibly lead to a concomitant 
vasculitis. 

 SS can be then considered both an autoimmune and a lymphoproliferative 
disorder. 

 Future studies focusing on SS-related B-cell lymphoproliferation may con-
tribute to identify the key pathogenetic events and to develop new therapeutic 
strategies in SS.     
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28.1             Introduction 

 Sjögren syndrome (SS) is a systemic autoimmune disease with a wide clinical spec-
trum that extends from sicca symptoms of the mucosal surfaces to extraglandular 
manifestations. The histological hallmark of the disease is focal lymphocytic infi l-
tration of the exocrine glands, as shown in minor labial salivary gland biopsy [ 1 ]. 
The main clinical features (dry mouth and dry eyes) are determined by specifi c oral 
(salivary fl ow measurement, parotid scintigraphy) and ocular (fl uorescein staining, 
Schirmer test) tests, respectively [ 2 ]. SS patients may develop a large number of 
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systemic manifestations [ 3 ], either as the presenting manifestation or during the 
evolution. While sicca features primarily affect the quality of life and cause local 
complications in the mucosa involved, systemic or extraglandular involvement 
marks the disease prognosis [ 4 ]. In addition, patients present a broad spectrum of 
analytical features (mainly cytopenias) and a plethora of autoantibodies, of which 
antinuclear antibodies are the most frequently detected, anti-Ro/SS-A the most spe-
cifi c, and cryoglobulins and hypocomplementemia the main prognostic markers. 
The main complication of the disease is the development of B-cell lymphoma, with 
a risk 10–40 times higher than that found in the general population [ 5 ]. 

 Treatment of primary SS is based on symptomatic management of sicca manifesta-
tions and broad-spectrum immunosuppression for extraglandular disease [ 6 ]. Over the 
last decade, research has centered on new therapies with the hope of providing better 
management approaches [ 7 ]. The emergence of biological therapies has recently 
increased the therapeutic armamentarium available to treat SS, but their use is still lim-
ited by the lack of licensing [ 8 ]. This chapter summarizes the current pharmacotherapy 
options and future directions on systemic-targeted therapies in patients with primary SS.  

28.2     The Importance of Systemic Disease in Primary SS 

28.2.1     Systemic Versus Nonsystemic Involvement 

 A large percentage of primary SS patients have no systemic involvement, with a clinical 
pattern totally dominated by the triad of severe dryness, fatigue, and pain, which are not 
life threatening but have a serious impact on the quality of life [ 9 ]. The poor correlation 
between systemic disease and this triad of symptoms is clearly demonstrated by the lack 
of correlation between the two EULAR indexes (systemic EULAR-SS disease activity 
index – ESSDAI – and the patient-orientated EULAR Sjögren’s Syndrome Patient 
Reported Index – ESSPRI) [ 10 ] and the results of some recent studies [ 11 – 13 ]. 

 Systemic involvement plays a key role in the prognosis of primary SS. Some 
recent studies, including more than 2500 European patients, have confi rmed that 
primary SS is, undeniably, a systemic disease [ 10 ,  14 ,  15 ]. Seror et al. [ 10 ] found 
that 70 % of patients had a history of systemic involvement at enrollment, and 
Baldini et al. [ 15 ] found severe systemic disease in 15 % of patients, especially in 
those with an immunological profi le suggestive of B-cell activation.  

28.2.2     Systemic Disease and Prognostic Classification 

 Ioannidis et al. [ 16 ] were the fi rst to propose a prognostic classifi cation of primary SS, 
dividing patients into two groups according to the presence or absence of factors. The 
main factors reported in prospective studies include parotid involvement, vasculitis, 
hypocomplementemia, and cryoglobulins [ 8 ]. Baldini et al. [ 15 ] have recently identi-
fi ed hypergammaglobulinemia, rheumatoid factor (RF), hypocomplementemia, and 
cryoglobulinemia as prognostic factors. A practical message for clinical practice is 
that patients with this “high-risk” presentation should receive a closer follow-up and, 
probably, an earlier and more robust therapeutic management [ 17 ].  
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28.2.3     Characterization of Systemic Disease in Primary SS 

 The development of the ESSDAI [ 18 ] by the EULAR task force on SS repre-
sents a step forward in the evaluation of systemic Sjögren [ 10 ,  14 ]. Systemic 
involvement has been evaluated using the organ-by-organ ESSDAI defi nitions 
in nearly 1000 Spanish patients [ 14 ], and, in more than 80 %, the score at diag-
nosis indicated systemic activity (score ≥1), with the joints, lungs, skin, and 
peripheral nerves being the most-frequent organs involved, while cytopenias, 
hypocomplementemia, and cryoglobulinemia were the laboratory abnormalities 
most-often associated with systemic Sjögren [ 14 ]. In addition, a recent study 
[ 17 ] has found that patients who present at diagnosis with high systemic activity 
(ESSDAI ≥14) and/or predictive immunological markers (especially those with 
more than one) are at higher risk of death. These studies, together with the 
robust results demonstrated by the validation study [ 18 ], confi rm the ESSDAI as 
a solid instrument for the measurement of systemic activity in the daily 
practice.   

28.3     Therapeutic Management of General Symptoms 

28.3.1     Nonbiological Agents 

 More than 80 % of patients with primary SS present muscle and joint pain, fatigue, 
and weakness, which may have a much greater impact on the quality of life than 
sicca features. In these patients, the fi rst step should be a differential diagnosis with 
associated processes such as hypothyroidism, neoplasia, depression, and, espe-
cially, fi bromyalgia, which is reported in nearly one third of primary SS patients 
[ 19 ,  20 ]. After discarding these processes, hydroxychloroquine may be a keystone 
drug, with clinical benefi ts being reported beyond fatigue and musculoskeletal pain; 
uncontrolled studies found additional improvements in subjective and objective 
sicca features, reduction in parotid enlargement and oral infections, and improve-
ment in analytical and immunological parameters. However, a recent clinical trial 
[ 21 ] found that the use of hydroxychloroquine in comparison with placebo did not 
improve the main symptoms (dryness, fatigue, and pain) during 24 weeks of treat-
ment. Further studies are needed to evaluate longer-term outcomes of hydroxychlo-
roquine for general symptoms.  

28.3.2     Biological Agents 

 The four biological agents tested in primary SS have been associated with some 
improvements in fatigue (including one small randomized controlled trial [RCT]) 
using rituximab (RTX). The results of a large multicenter RCT have recently shown 
limited benefi ts for general symptoms. Devauchelle-Pensec et al. [ 22 ] evaluated 122 
consecutive patients who were assigned to receive either RTX infusions (1 g) or 
placebo at weeks 0 and 2. The primary end point was improvement (≥30 mm) of 
two of four visual analogue scale (VAS) that evaluate dryness, pain, fatigue, and 
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global health between weeks 0 and 24. For the composite primary end point, 13/60 
(22 %) patients treated with RTX had a favorable overall response in comparison 
with 11/53 (21 %) patients who received placebo. Statistically signifi cant differ-
ences were found in some secondary end points including sicca and fatigue VAS 
and salivary fl ow rate, but not in objective measurements (Schirmer test, salivary 
gland biopsy) or ESSDAI score. We consider that the off-label use of biologics to 
treat only general symptoms (even when severe) is not warranted.   

28.4     Therapeutic Management of Extraglandular 
Involvement 

28.4.1     Nonbiological Agents 

 As a general rule, the management of extraglandular features in primary SS should 
be organ specifi c, mainly using corticosteroids and immunosuppressive agents 
[ 1 ,  4 ,  8 ]. However, the main studies analyzing the effects of immunosuppressive 
agents in primary SS (overwhelmingly uncontrolled) are designed to evaluate their 
effects on sicca rather than systemic features and have shown poor results with an 
excess of adverse events. 

 Some retrospective studies have specifi cally analyzed the use of corticosteroids 
and immunosuppressive agents in organ-specifi c involvements. These studies support 
the use of corticosteroids and cyclophosphamide in myelitis, azathioprine in intersti-
tial lung disease, and methotrexate in joint involvement [ 23 ]. Evidence for the thera-
peutic management of other extraglandular SS features relies on isolated case reports 
or small case series [ 1 ,  4 ,  8 ] suggesting the use of cyclophosphamide for glomerulo-
nephritis, vasculitis, multineuritis and central nervous system (CNS) involvement, and 
intravenous immunoglobulins for axonal and ataxic neuropathies [ 1 ,  4 ,  8 ]. 

 In contrast, some extraglandular features, such as interstitial nephritis or ataxic 
neuronopathy, seem to have a poor response to corticosteroids and immunosuppres-
sive agents [ 23 ]. Given the low level of evidence, the choice of drugs for organ-by- 
organ management is usually heavily infl uenced by therapeutic strategies accepted 
in clinically similar, but etiopathogenically different, diseases, such as systemic 
lupus erythematosus (SLE) or systemic vasculitis.  

28.4.2     Biological Agents 

 The amount and quality of evidence on the off-label use of RTX in SS-related 
extraglandular features is higher than that reported for the use of the standard 
options (corticosteroids and immunosuppressive agents), although a reasonable 
assessment of the risk of serious adverse events versus the potential benefi ts of treat-
ment should be always made on an individual basis. 

 The majority of uncontrolled studies have retrospectively collected the results of 
the use of RTX in real-life patients with extraglandular involvement and have found 
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a clinical response in >80 % of patients with systemic involvement, a signifi cant 
improvement in several immunological parameters, and a reduction in the mean 
daily corticosteroid dose [ 22 ,  24 – 28 ]. More than 20 uncontrolled studies have eval-
uated the use of RTX in patients with primary SS, including open-label prospective 
studies [ 25 ,  27 ,  29 ] and retrospective studies evaluating either systemic involvement 
or B-cell lymphoma [ 8 ,  28 ,  30 – 38 ]. The fi rst study was conducted in 2005 by 
Gottenberg et al. [ 30 ] in six patients with primary SS treated with RTX and reported 
therapeutic effi cacy in fi ve with extraglandular features, with lowering of cortico-
steroid dosage in four out of fi ve patients. In 2007, Seror et al. [ 28 ] made a retro-
spective analysis of 16 patients with primary SS who received RTX for lymphoma 
( n  = 5) or systemic manifestations ( n  = 11); treatment effi cacy was observed in 9 of 
these 11 patients, with corticosteroid doses being lowered in all cases. Vasil’ev et al. 
[ 32 ] reported the use of RTX in four patients with systemic manifestations, of whom 
three (75 %) responded to RTX (no response was observed in a patient with cryo-
globulinemic glomerulonephritis). 

 Three multicenter national registries that collected patients with SAD treated 
with RTX have included patients with primary SS. The BIOGEAS Spanish registry 
[ 8 ,  26 ] included 16 patients with systemic manifestations, including peripheral neu-
ropathies ( n  = 5), CNS involvement ( n  = 3), autoimmune cytopenias ( n  = 3), refrac-
tory arthritis ( n  = 1), protein-losing enteropathy ( n  = 1), and myasthenia gravis 
( n  = 1); only three patients with systemic features had no therapeutic response 
(arthritis, glomerulonephritis, and CNS involvement, respectively). In the Germany 
GRAID registry [ 33 ], four patients with primary SS were included (two had a com-
plete response and the other two a partial response). However, the larger uncon-
trolled study that has evaluated the therapeutic effi cacy of RTX on systemic Sjögren 
[ 31 ] has evaluated the results obtained in 74 patients (42 had more than 1 systemic 
involvement), including mainly articular involvement ( n  = 27), peripheral neuropa-
thies ( n  = 12), vasculitis ( n  = 8), and pulmonary involvement ( n  = 9). At 6 months 
after the fi rst cycle of RTX, therapeutic response assessed by the global opinion of 
the physician was observed in 60 % of cases. The ESSDAI score decreased from 11 
to 7.5, and the mean daily dose of prednisone decreased from 17.6 to 10.8 mg. No 
signifi cant differences were found according to the presence of anti-Ro/La antibod-
ies or the concomitant use of immunosuppressant agents. Zhou et al. [ 34 ] have 
reported the successful use of low-dose RTX (100 mg in weeks 0 and 1) combined 
with high-dose oral prednisone (1–2 mg/kg/day) in four patients with primary SS 
and severe refractory thrombocytopenia.   

28.5     Therapeutic Management of Severe Systemic 
Involvement 

 Severe, life-threatening involvement has rarely been reported in primary SS. In nine 
studies including 2241 patients with primary SS in which mortality rates and causes 
of death were detailed, only 17 patients died due to SS-related systemic involve-
ment, representing only 8 % of the 221 reported deaths [ 39 ]. A recent multicenter 
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study [ 17 ] have analyzed the main causes of death in 115 patients, including cardio-
vascular disease in 35 patients, infections in 21, systemic disease in 18, and hema-
tological neoplasia in 10; survival at 5, 10, 20. and 30 years was 96.0 %, 90.5 %, 
80.9 %, and 60.4 %, respectively. The main baseline factors associated with mortal-
ity caused by systemic disease were active disease at diagnosis, cytopenias, mono-
clonal gammopathy, cryoglobulins, and hypocomplementemia. 

 Vasculitis (overwhelmingly cryoglobulinemic) is the main cause of life- 
threatening presentation of primary SS, involving vital organs such as the kidneys, 
the lungs, and the gastrointestinal tract. Other severe involvements included CNS 
features, progressive ataxic neuronopathy, pulmonary arterial hypertension, and 
severe cytopenia [ 3 ]. Two recent studies have focused on the effi cacy and safety of 
RTX in SS-related neurological involvement. The fi rst study found stabilization or 
improvement of CNS involvement in 7/11 (64 %) patients treated with RTX [ 35 ]. 
The second study found a better response to RTX in 17 patients with vasculitic 
neuropathy in comparison with those with non-vasculitic neuropathy [ 36 ]. RTX was 
effective in 9/10 (90 %) patients in comparison with only 2 (29 %) of the non- 
vasculitic 7 patients. 

 There are no controlled studies evaluating the therapeutic management of SS 
patients with life-threatening conditions; at present, there are only some retro-
spective studies (with <10 patients) and isolated case reports. However, this scarce 
evidence, taken together with expert review, suggests that methylprednisolone 
and cyclophosphamide pulses should be used in patients with severe systemic 
vasculitis or CNS involvement, with plasma exchange being added in the most 
severe situations [ 3 ]. RTX is increasingly reported as a promising therapy, not 
only in patients with life-threatening situations but also in those with associated 
B-cell lymphoma [ 3 ].  

28.6     Therapeutic Guidelines for Systemic Sjögren 

 For the treatment of severe systemic SS, a combination of glucocorticosteroids and 
immunosuppressive agents is the classical approach, in spite of the very limited level 
of scientifi c evidence supporting their use. However, this approach is often associated 
with adverse events, and there is growing awareness of infections and cardiovascular 
involvement in these patients. Systemic life-threatening involvement has rarely been 
reported in primary SS [ 6 ] with cryoglobulinemic vasculitis (involving the  kidneys, 
lungs, or gastrointestinal tract) being the main cause of severe SS presentation [ 5 ]. 
Other severe involvements unrelated to cryoglobulinemia include myelitis, ataxic 
neuronopathy, and pulmonary arterial hypertension [ 35 ]. Therapeutic recommenda-
tions are often based on the use of methylprednisolone and cyclophosphamide pulses, 
with plasma exchange being added in the most severe situations [ 19 ]. 

 In the last years, biological therapies have emerged as new therapeutic agents 
that are increasingly used for systemic primary SS (Table  28.1 ). B-cell targeted 
therapies are the most promising agents in primary SS, although their use is signifi -
cantly limited by the current lack of specifi c licensing. RTX has been used in more 
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than 400 patients included in either controlled or uncontrolled studies, with a wide 
range of outcomes evaluated, including sicca features, fatigue, and, especially, sys-
temic features and lymphoma. Although some studies have reported signifi cant 
improvements in sicca features and fatigue, we consider that the off-label use of 
these new drugs to treat only these symptoms (even when severe) is not currently 
warranted [ 2 ]. In contrast, RTX is the most widely used biological agent in patients 
with severe involvements refractory to standard treatment in an off-label context 
and is increasingly used in patients with associated B-cell lymphoma. Therefore, 
current scientifi c evidence suggests that RTX may be considered in patients with 
involvements refractory to standard treatment (lack of response or intolerance to 
corticosteroids and immunosuppressive agents) [ 40 ].

28.7        Future Directions 

 The most recent therapeutic advances in patients with systemic autoimmune dis-
eases are searching for new highly selective biological therapies without the adverse 
effects often associated with the standard, less-selective current therapeutic options 
(corticosteroids, immunosuppressants). The emergence of biological agents target-
ing molecules and receptors involved in the etiopathogenesis of primary SS has 
opened up a new era in the therapeutic management of the disease. The excellent 
results of tumor necrosis factor (TNF)-targeted therapies in rheumatoid arthritis led 
to these agents being tested in patients with primary SS [ 8 ], although RCTs showed 
a lack of effi cacy. 

 B cells are central in the pathogenesis of primary SS. The disease is characterized 
by a marked B-cell polyclonal hyperactivity, which may turn on monoclonal B-cell 
expansion leading, in some patients, to the development of B-cell lymphoma, which is 
the worst complication of primary SS. B-cell targeted therapies, including RTX, 
epratuzumab, and belimumab, seem to be the most promising agents tested so far [ 40 ]. 

 The close association between B lymphocyte stimulator (BLyS) levels and the 
key features of primary SS are paving the ground for further investigations about the 
therapeutic utilities around this molecule [ 14 ,  41 ]. Unfortunately, controlled data of 
the use of B-cell activating factor (BAFF)-targeted therapies in patients with pri-
mary SS are not yet available, and two clinical trials with belimumab are underway 
(NCT01160666 and NCT01008982) [ 42 ]. The recently revealed preliminary results 
of the BELISS trial [ 43 ], the fi rst open-label study of belimumab in primary SS 
patients, are promising [ 43 ,  44 ]. These patients had to have at the time of inclusion 
either systemic complications, early disease (≤5 years), or the presence of altered 
biomarkers. Patients were treated with 10 mg/kg of belimumab (weeks 0, 2, and 4, 
and then every 4 weeks until week 24). The primary end point was evaluated at 
week 28 and consisted of improvement of at least two of the fi ve following items: 
≥30 % reduction of VAS for dryness, fatigue, musculoskeletal pain, and physician’s 
systemic activity and ≥25 % reduction of any of the abovementioned B-cell activa-
tion biomarkers. The percentage of responders was 8/11 (73 %) in patients with 
early disease and 7/15 (47 %) in those with systemic disease. A specifi c subanalysis 
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of the therapeutic response in patients with parotid involvement at week 28 found 
that the glandular domain improved in 10/13 (77 %) patients [ 44 ], while no improve-
ment was reported in two patients with parotid low-grade lymphoma. The ESSDAI 
score decreased from 8.8 to 5.59 and the ESSPRI score from 6.44 to 5.56. Only one 
severe adverse event was reported (pneumococcus meningitis) after six infusions of 
the drug.  

    Conclusions 

 Dryness of the mucosal surfaces is the pivotal, but not the only, clinical involve-
ment characterizing primary SS. This has strongly infl uenced how the diagnosis 
of SS is made, since the classifi cation criteria currently used (AECG) or under 
evaluation (ACR) only evaluate glandular involvement and fail to capture the full 
spectrum of SS involvement. Although a long list of extraglandular features 
involving most organs and systems has been reported in the last 30 years, few 
studies have attempted to characterize systemic involvement. However, there is 
growing interest in systemic SS after the appearance of the ESSDAI score. 
Therapeutically, direct and indirect B-cell blocking seems to be the most promis-
ing approach, although others, such as abatacept [ 45 ,  46 ] and biosimilars [ 47 ], 
are under investigation. However, the variable results obtained with RTX in the 
two main clinical components of the disease must be taken into account: the 
results are often good for systemic involvement, but should be considered, at 
most, modest for the triad of dryness, pain, and fatigue. The great infl uence of 
personal and environmental factors on the intensity of these symptoms, which 
are measured subjectively using visual analogue scales, may account, in part, for 
the lack of signifi cant differences detected in the two largest RCTs carried out in 
patients with primary SS [ 22 ,  48 ]. Better understanding of the infl uence of fac-
tors external to the disease, the etiopathogenic mechanisms of extraglandular 
damage, active international collaborations promoting multicenter registries to 
enroll and characterize large cohorts of patients with primary SS, and the devel-
opment of an international consensus on a homogeneous diagnostic and thera-
peutic approach may help improve the prognosis of patients with systemic 
Sjögren disease. The current off license use of biological agents should be 
accompanied by a reasonable assessment of the risk of serious adverse events 
versus the potential benefi ts of treatment.     
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