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ABSTRACT 
Systemic Lupus Erythematosus (SLE) is a chronic autoimmune inflammatory disease 
characterized by multiple organ involvement, production of a wide range of autoantibodies and 
local formation or tissue deposition of immune complexes in the affected organs. Lupus 
nephritis (LN) is a common and serious organ involvement in patients with SLE. Despite better 
treatment and care of patients during the last decades there is still a great unmet need in the 
treatment with many patients being refractory to available therapies or suffering from serious 
adverse events. Advances have been made in the understanding on pathopysiology of the 
disease but many aspects are still unknown. B cells are known to be potent mediators in the 
regulation of normal and abnormal immune responses.´ 
 
Rituximab (RTX) is a chimeric monoclonal antibody directed against CD20 found on all 
mature B cells but not on stem cells, pro-B cells or plasmacells. RTX depletes B cell from the 
circulation and studies support that B cells are also depleted from the bone marrow, primary 
and secondary lymphoid tissue as well as from target tissue. 
  
We constructed an open-labeled trial where we treated patients with severe SLE resistant to 
conventional therapy with RTX in combination with intravenous cyclophosphamide and 
glucocorticoids.  
The majority of patients achieved a good clinical response six months after treatment when 
studied in a lupus cohort with heterogeneous disease manifestations.  
 
We found both a clinical and a histological improvement in patients with biopsy proven 
proliferative and membranous LN. A significant reduction was found in proteinuria, an 
improvement in urine sedimentation analysis and stabilization of serum creatinine and kidney 
function. A significant reduction in anti-double stranded DNA was found and normalization of 
complement C3, C4 and C1q in most patients. A reduction of immune deposits in the basal 
membrane was found in patients with membranous LN. In long-term follow-up of LN patients 
(mean 36 months) 22/25 achieved a complete (CR) or partial response (PR). Six nephritis flares 
were observed. 
A trend toward a correlation between a shorter time to PR  and lower levels of CD19+ B cells at 
baseline was observed. Patients achieving a CR within the first year had significantly longer B 
cell depletion time. A correlation was found between low IgM levels at baseline and shorter 
time to achieve CR. Immunoglobulin (Ig) G and A were kept stable while IgM was 
significantly reduced although with levels kept within the normal range. 
The treatment was generally well tolerated. Few mild/moderate infusion reactions and minor 
infections were noticed. Serious adverse events were noted in four patients, three with severe 
neutropenia and one patient with severe necrotizing faciitis and septicaemia. 
 
In conclusion the results of this thesis support that rituximab in combination with 
cyclophosphamide may serve as a treatment option in patients with severe SLE, resistant to 
conventional therapy.  
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1 INTRODUCTION 
 
Systemic Lupus Erythematosus 
 
 
1.1 BACKGROUND 

 
Systemic Lupus Erythematosus (SLE) is a chronic inflammatory autoimmune disease 
and is considered to be prototypic for systemic autoimmune diseases. It is a disease 
characterized by the production of antibodies to components of the cell nucleus in 
association with a diverse array of clinical manifestations. The primary pathological 
findings are those of inflammation, vasculitis, immune complex deposition and 
vasculopathy.  
 
SLE is primary a disease of young women with a peak incidence between the ages of 
15 and 40, with a female: male ratio of 6-10:1 dependent on which age interval is 
studied. However age at disease onset can range from infancy to old age. In both 
pediatric and elderly patients the female: male ratio is approximately 2:1. Studies on 
male subjects are difficult because of the low number of cases but it appears that SLE 
occurs in males in an older age period, with peak rates after the age of 50 years. A 
greater incidence and prevalence of SLE has consistently been found in blacks than in 
whites and some studies have found an excess prevalence of SLE among Asians 
compared with whites [1]. The onset of disease may be insidious over several years, 
subacute or acute with multi-organ involvement.  
 
SLE is in the literature commonly denoted as a relapsing and remitting disease. 
However, in a study by Petri et al SLE was classified into 1 of 3 patterns, remitting-
relapsing, chronic active and long quiescent. In that study the chronic active pattern 
was found to be the most common form and the authors suggested that significant 
morbidity might arise from persistent disease activity [2]. Disease severity may vary 
significantly between affected individuals and many organs may be involved. The 
organs or organ systems most frequently affected are joints, skin, kidneys, serous 
membranes (pleura, pericardium, peritoneum), blood cells, blood vessels and the 
central nervous system. General symptoms such as fatigue, malaise, fever, and weight 
loss are also common.  
 
In addition to clinical symptoms, SLE is characterized by the presence of 
autoantibodies which often are regarded as the hallmark of the disease. Antinuclear 
antibody (ANA) is present in up to 95% of patients. Anti-double stranded DNA (anti-
dsDNA) antibodies are the most specific antibodies for SLE and are found in 
approximately 70% of patients. They are considered to be the best marker of disease 
and tend to reflect disease activity, although not in all patients [3]. Anti-dsDNA is 
found to associate with higher prevalence of nephropathy, hemolytic anemia, and fever 
[1]. Extractable nuclear antigens (ENAs) are found less commonly in SLE and the 
different antibodies can be connected to specific disease manifestations. Of the ENAs 
anti-Sm (Smith antigen) and anti-ribonucleoprotein (RNP) have high specificity for SLE 
and anti-Sm is incorporated in the classification criteria for SLE. Anti-Sm is found in 3-
10% of white patients but in up to 30% in black and Chinese patients [4]. 
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1.2 EPIDEMIOLOGY 

 
1.2.1  Incidence, prevalence and mortality 

 
1.2.1.1 Incidence 

The incidence of SLE in the general population varies according to the characteristics 
of the population studied, the period of time studied and changes in diagnostic criteria 
[1]. The annual incidence in the USA is estimated to be 2.0-7.6/100,000 persons per 
year. In Iceland the annual incidence was found to be 3.3 cases [5] and in Sweden 4.8 
cases per 100,000 persons per year [6, 7]. 
 
 
1.2.1.2 Prevalence 

The prevalence of lupus ranges from approximately 40 cases per 100,000 persons 
among Northern Europeans to more than 200 per 100,000 persons among blacks in the 
United States where the number of patients with lupus exceeds 250,000 [1, 8]. 
 
 
1.2.1.3 Mortality 

The life expectancy of lupus patients has improved from an approximate 4-years 
survival rate of 50% in the 1950s to a 15 year survival rate of 80% today [9]. More 
recently in the “Euro-Lupus” cohort the 10 years survival was found to be 92% [10]. 
The authors speculated that advances in medical therapy, better understanding of the 
pathogenesis, earlier diagnosis, inclusion of milder cases and in the European cohort 
predominance of white patients might to some extent explain the improved survival 
rates during the last years. 
Patients in whom lupus is diagnosed at an age of 20 years still have a 1 in 6 chance of 
dying by 35 years of age, most often from lupus or infection. Later myocardial 
infarction and stroke become important causes of death and morbidity. 
In a recent report from a multicenter international cohort high mortality was seen for 
circulatory disease, infections, renal disease, non-Hodgkin's lymphoma, and lung 
cancer. The standard mortality ratio (SMR) due to circulatory diseases tended to 
increase slightly from the 1970s to the year 2001. The data suggest particular risk 
associated with female sex, younger age, shorter SLE duration, and black race. The risk 
for certain types of deaths, primarily related to lupus activity (such as renal disease), 
was shown to have decreased over time, while the risk for deaths due to circulatory 
disease did not appear to have diminished [11]. Similar results were also found in a 
recent Swedish study [12]. The improved survival of patients with SLE has thus also 
been associated with an alteration in the patterns of mortality. The bimodal pattern of 
mortality in lupus was already recognized more than 30 years ago [13]. The residual 
increased risk of death in SLE suggests that continued efforts should focus on 
developing better means of treating SLE and preventing its sequels and comorbidity, 
particularly cardiovascular disease. 
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1.3 ETIOLOGY AND PATHOGENIC FACTORS 

 
The etiology of SLE is still surrounded by uncertainty. The disease is known to be 
influenced by environmental, hormonal and host-related factors mostly of genetic 
origin.  SLE is thought of as the prototypic immune complex (IC; complement and 
immunoglobulin) disease, characterized by excessive autoantibody production, IC 
formations and due to defective clearance IC depositions in tissue leading to clinical 
disease. 
Studies on the pathological mechanisms have demonstrated a variety of aberrations in 
B and T cells, including defects in B cell tolerance and autoantigen specific T helper 
(Th) cells as well as aberrant cytokine productions. Furthermore, control mechanisms 
such as immune tolerance and T and NK regulatory cells can be defective and/or 
unbalanced [14]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adapted from Mok CC and Lau CS, 2003; J Clin Path [15] 

 
 
1.3.1 Genetics 

The concordance rate for lupus is 24-58% among monozygotic twins and 
approximately 2-5% among dizygotic twins [16, 17]. These rates indicate that a genetic 
contribution is important but it is not sufficient to cause the disease and many genes 
probably contribute to lupus. In recent years efforts have been made to identify some of 
these with help of whole genome scans from families in which multiple members are 
affected by lupus. The candidate genes found involve the major histocompatibility 
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complex (MHC), genes causing the deficiency of one of the early complement 
components (C1q, C2, C4) as well as genes that in some way mediate loss of 
immunologic tolerance to nuclear antigens, B cell hyperactivity and T cell 
dysregulation [18]. 
 
 
1.3.2 Environmental factors 

 
1.3.2.1 Hormones: 

Ninety percent of lupus patients are female. Likewise individuals with Klinefelter’s 
syndrome, characterized by hypergonadotrophic hypogonadism, are prone to the 
development of SLE [19]. Thus an important role of female hormones seems likely, but 
a protective role for male hormones or an effect of genes on the X chromosome is also 
possible. However, trials of hormonal treatment, such as dehydroepiandrosterone 
(DHEA) have not been able to show convincing results [20, 21].  Studies on oral 
contraceptives containing combined low dose estrogens in lupus patients with inactive 
or stable low grade disease activity have not shown increased flare rates [22, 23]. 
Hormone replacement therapy containing conjugated estrogens and progesterone have 
shown a small risk of inducing mild to moderate lupus flare  while no increase was seen 
in severe flares compared to placebo [24].  
 
 
1.3.2.2 Drugs and biological agents 

Many drugs can cause a variant of lupus, drug induced lupus [25]. Such drugs 
identified are procainamide, hydralazine, quinidine, sulfazalazine and recently TNF 
blockers have also shown to be able to induce a lupus like syndrome [26]. 
 
 
1.3.2.3 Infectious agents 

A higher frequency of B cells infected with EBV has been found in lupus patients 
compared with controls [27]. The infected cells were mainly memory B-cells. No 
relation was found with immunosuppressive therapy and patients with active flares had 
more infected cells than did patients with quiescent disease. On the contrary 90% of the 
adult population is infected with EBV and the prevalence of SLE remains low, which 
further emphasis the multifactorial nature of the pathogenesis of lupus. 
 
 
1.3.2.4 Exposure to sunlight, occupational and other risk factors 

Exposure to ultraviolet radiation (especially UVB) is the most obvious environmental 
factor linked to lupus. Other factors that have been considered are crystalline silica, 
smoking, alcohol and ingestion of alfalfa sprouts [3, 28, 29]. 
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1.4 IMMUNOPATHOLOGY 

 
 
A fully functional immune system is essential for selfpreservation. A healthy immune 
system has a highly discriminative ability to recognize “self” from “nonself”. The 
system must also be self-limiting for normal immune responses. The high degree of 
complexity and interdependency among the many components of the immune system is 
such that it is possible for dysfunction to occur as a result of either an identifiable insult 
or an unknown trigger. Consequently, not all immune responses are protective; some 
can result in inflammatory processes, tissue destruction, and the development of 
autoimmune disease. 
 
 
 
1.4.1 Autoantibodies 

The central immunologic disturbance in SLE is the production of multiple 
autoantibodies. These antibodies are directed at several self molecules in the nucleus, 
cytoplasm, and cell surface, in addition to soluble molecules such as IgG and 
coagulation factors [15]. Antinuclear antibodies (ANA) are most characteristic and 
present in more than 95% of patients [1]. 
Antibodies that bind native double-stranded DNA (anti-dsDNA) are the most 
prominent antibodies in lupus and have been demonstrated to have an important role in 
the pathogenesis of the disease. They are highly specific for lupus; present in 
approximately 70% of patients but in less than 0.5% of healthy population or patients 
with other autoimmune disorders [30]. The levels of anti-dsDNA tend to reflect disease 
activity, especially for lupus nephritis, but this is not true for all patients. Renal biopsies 
from patients with SLE have shown to contain deposits of anti-dsDNA antibodies [31, 
32]. In a study of renal-biopsy specimens obtained from patients with lupus at autopsy, 
Mannik et al detected IgG that bound to a number of non-DNA antigens as well, 
including Ro/SS-A, La/SS-B, C1q and Sm [33]. Furthermore, in vivo studies have 
shown that some anti-dsDNA antibodies can be deposited in the kidneys of mice or rats 
to cause proteinuria and in some cases histological changes very similar to those of LN. 
Other recognized important atuoantibodies that can be associated to clinical symptoms 
are as mentioned above anti-Ro and La that are both connected to cutaneous lupus and 
development of fetal heart block and fetal lupus like syndrome. Anti-Sm is present in 
approximately 3-10% of lupus patients but is considered very specific and is included 
in the diagnostic criteria for SLE. Anti-Sm as well as anti-C1q antibodies are 
considered to be associated to kidney disease [3]. Antiphospholipid antibodies occur in 
1-5% of healthy people but can also be found in connection to certain infections, 
malignancies or associated to certain drugs [34]. Approximately 25-30% of SLE 
patients have antiphospholipid antibodies and increased risk of arterial or venous 
thrombosis and recurrent fetal loss and thrombocytopenia [35]. 
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1.4.2 Complement system 

 
The complement system is a common denotation for about 30 proteins that form a 
cascade. The biological effects include promotion of chemotaxis and anaphylaxis, 
increased vascular permeability, opsonisation and phagocytosis of microorganisms and 
removal ICs from the circulation [14].  
Complement is activated mainly through three pathways, the classical, the mannan-
binding lectin (MBL) and the alternative pathway. All pathways result in formation of 
C3 convertase and then further into the terminal membrane attack complex (C5-9). 
In order to avoid unbalanced activation there are a number of regulatory proteins in 
most stages of the complement cascade and host cells have membrane proteins that 
protect lysis by the membrane attack complex [36]. 
 
The complement system has important protective functions in both the innate and 
adaptive immune system but can also, when inappropriately activated, cause tissue 
damage. Complement deficiency predispose to infection and also to development of 
autoimmune disease, especially SLE, and are at the same time involved in the 
pathogenesis of the disease [37]. Deficiency of complement components within the 
classical pathway are known to increase the risk for SLE. Deposits of ICs have been 
found in affected organs of patients with active disease, such as skin and kidneys. 
ICs are cleared by a functionally normal complement system.  
In SLE this clearance function is abnormal and the complement system has been found 
constantly active during times of active disease but sometimes even in clinically 
inactive disease [38]. 
 
 
1.4.3 Cytokines  

Cytokines are intercellular signaling proteins that play an essential role in shaping an 
immune response to foreign or self-antigens.  
A constant fine balance among cytokines is needed to maintain immune homeostasis. 
Both a defect and an excess of cytokine production, as well as abnormal responsiveness 
of immune cells to cytokines can favor the development of immune-mediated disease. 
Cytokines are usually classified according to their cellular source and effector functions 
into T helper (Th) 1, Th2, and Th17 cytokines. In general, the overproduction of Th2 
cytokines typically promotes B-cell hyperactivity and humoral responses, whereas T 
cell hyperactivity and inflammation frequently associate with an excess of Th1 and 
Th17 cytokines. 
 
In SLE it is expected that cytokines belonging to more than one Th type may contribute 
to immune dysregulation and subsequent autoimmune abnormalities [39]. Majority of 
SLE patients with high disease activity demonstrate increased expression of genes 
regulated by interferon (IFN) in peripheral blood cells. This observation and recent 
work on understanding IFN role in SLE has led to the concept of the so called “IFN 
signature” [40]. IFN-α has been found to be the major cytokine in SLE that drives 
activation of dendritic cells [41]. 
IL-2 is considered a regulatory cytokine and its absence may prevent effective 
activation and function of T cells as well as apoptosis of T cells. Decreased production 
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of IL-12 can affect differentiation of CD4 T cells into Th1 cells [42]. High levels of IL-
6 and IL-10 may promote antibody production of B cells and serum levels of IL-10 are 
known to be consistently high in patients with SLE and they seem to correlate with 
disease activity [43]. The role of tumor necrosis factor-alfa  (TNF-α) in SLE is 
controversial [3] and low levels of transforming growth factor-beta (TGF-β) can result 
in unregulated inflammation [15]. 
 
 
1.4.4 Cellular abnormalities 

 
1.4.4.1 T cells 

Breaking immunological tolerance gives origin to autoreactive cells. Autoantigen 
reactive T cells have been isolated from peripheral blood in patients with SLE and there 
is evidence that these cells can support autoantibody production. There is also evidence 
for abnormal costimulation in SLE and impaired regulation of expression of CD40L 
have been identified [44]. Absence of sufficient or appropriate T regulatory cells has 
also been suggested to be able to contribute to the pathogenesis of SLE [45]. 
 
 
 
1.4.4.2 B-cells 

In recent years there have been increased understanding of the roles that B cells play in 
regulating the immune system. In addition to producing antibodies, they are known to 
regulate other cells in the immune system by acting as antigen-presenting cells (APC) 
and through the production of cytokines. 
 
 
 
1.4.4.2.1 Normal B cell responses 

B lymphocytes are derived from the bone marrow (BM), where they mature from 
hematopoietic stem cells into pro-B cells, pre-B cells, and then immature B cells. 
Immature B cells enter the blood as transitional B cells and then migrate to secondary 
lymphoid organs. The cells that survive past this stage become naive B cells in the 
periphery where they either develop to evolve a low-affinity antibody response or 
express higher-affinity antibodies with the help of T cells. The T cell dependent 
responses take place in the germinal-centers in lymph nodes where the high-affinity B 
cells are selected and expand. The B cell of the germinal center may differentiate into 
memory B cells or via plasmablasts into antibody-producing plasma cells. Plasma cells 
produce and secrete soluble antibody in response to antigen, whereas memory B cells 
carry membrane-bound antibody. Terminally differentiated plasma cells may survive 
and produce antibody in the BM for years. However, the relationship among 
plasmablasts, memory B cells, and long-lived plasma cells remains obscure [46]. 
 
A large number of B cell clones are required to cope with the limitless number of 
potential antigens. Each clone express a specific antibody and expansion of the relevant 
clone occur when re-exposed to a specific antigen. To achieve clonal variety, genes that 
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code for antigen receptors can combine in a vast number of arrangements and during 
clonal expansion somatic mutations of the antibody occurs as well. 
However, these processes also generate self-reactive B cells. Tolerance, the silencing of 
inappropriate production of self-reactive antibodies occurs at multiple checkpoints 
during B-cell development, including in the bone marrow at the immature B-cell stage 
and in the periphery at the transition between new emigrant and mature B cells. At least 
3 mechanisms are thought to lead to tolerance during B-cell development.  
 

1. clonal deletion - elimination of B cells that express autoantibodies that bind 
self-antigens strongly 

2. receptor editing - replacing antigen receptors by genetic rearrangement 
3. anergy - functional inactivation of self-reactive B cells 
 
 

 Table 1 
Immunobiologic functions of B lymphocytes in health 
1. Provide cognate help for T cells 
2. Produce cytokines (i.e., IL-4 and IL-10) that support other mononuclear cells 
3. Antigen uptake via surface Ig for processing and presentation 
4. Antigen-induced production of Ig/antibodies 
5. Constitutive production of Ig/antibodies by plasma cells 
6. Memory cell (semidormant) awaiting antigen re-exposure 

  Adapted from Silverman GJ, 2003, Arthritis Rheum [47] 
 
 

1.4.4.2.2 B cells in SLE 

A fundamental feature of autoimmune diseases is the loss of B-cell tolerance in the 
periphery where one or more of the above mentioned regulatory mechanisms fail. Such 
failures can result in autoreactive B cells and the inappropriate production of 
autoantibodies.  
 
Beside the production of autoantibodies a wide variety of aberrations have been found 
in the B cell compartment of SLE patients. 
It was demonstrated in a mouse model (MRL strain) that mice lacking B cells did not 
develop SLE [48]. On the other hand SLE occurred in mice with intact B cell 
compartment but unable to secrete antibodies [49]. These findings highlight the 
possible antibody independent role of B cells in SLE. 
 
 
Many studies have reported on alterations of the relative frequency of peripheral blood 
B cell subsets in SLE patients [50-52]. In peripheral blood four different populations of 
B cells can be identified: transitional B cells, mature-naïve, IgM memory and switch 
memory [53]. The absolute B cell numbers and memory B cell numbers are known to 
be reduced in SLE while transitional B cells or plasmablasts are expanded in peripheral 
blood. Marker of memory B cells (CD27+) has been found significantly increased in 
active SLE compared to inactive disease. Likewise, plasmablasts (found to express high 
levels of CD27 (CD27high)) have been found to correlate with disease activity in SLE 
[54]. 
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Plasmablasts are considered to have a lifespan of days to weeks, and in the normal 
individual remain in the tissue where they are generated [55]. However, in SLE these 
cells are found in the circulation and have also been found in kidney tissue of lupus 
prone mice [56]. Plasmablasts are thought to be the source of anti-dsDNA [57] and they 
still carry the mature B cell markers such as CD19, CD20 and CD40 [58]. 
 
On the other hand, long lived plasma cells, generated in response to T cell dependent 
stimulation in germinal centers, home to the BM where they survive for long period of 
time, with a life span of months to years. These cells are non-dividing, are not 
responsive to either T cells or antigens and account for the majority of serum 
immunoglobulin and long lived immunity to many antigens. Of interest these cells also 
seem to secrete Ig specific for cardiolipin, Ro/SS-A, La/SS-B and Sm [59]. Many of the 
surface molecules including CD40, CD19, CD20 and  immunoglobulins found on 
mature B cells are down-regulated when the evolve to long lived plasma cells 
 
 
Table 2 

     Adapted from Silverman GJ, 2003, Arthritis Rheum [47] 
 
 
In the light of the aberrations found in the B-cell compartment in SLE an idea of 
removing all autoreactive B cells and their precursors and “resetting” the system and 
reestablishing B cell tolerance has been brought forward [60, 61]. 
One strategy is the induction of B cell depletion by directly targeting surface molecules 
only expressed by B cells. One such candidate is CD20 [62] which is fond on all 
mature B cells and also supposed to be found on autoreactive plasmablasts. CD 20 is 
though not found on long lived plasma cells responsible for long lived immunity. 
 
 
 
 
 
 
 
 
 

Immunobiologic functions of B lymphocytes in disease 
1. Provide cognate help for autoreactive T cells 
2. Produce cytokines (i.e., IL-4 and IL-10) that support other mononuclear cells 
3. Autoantigen uptake via surface Ig for processing and presentations 
4. Autoantigen-induced production of autoantibodies that are directly or indirectly 
    destructive 
5. Constitutive production of autoantibodies by plasma cells 
6. Autoreactive memory cell awaiting (sequestered) autoantigen reexposure 
7. Disease-associated uncontrolled clonal proliferation (or prolonged lifespan) 
8. Direct infiltration of end organs (e.g., the kidneys in SLE) 
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1.5 CLINICAL FEATURES 

 
The organs most often involved in SLE are the joints (arthralgia/arthritis), skin (malar 
rash, photosensitivity, discoid rash), kidneys (glomerulonephritis), serous membranes 
(pleurisy, pericarditis, peritonitis), central nervous system (cognitive and psychiatric 
dysfunction, headache), lungs, blood and blood vessels (leucopenia, neutropenia, 
thrombocytopenia, vasculitis and thrombocclusive manifestations). General symptoms 
such as fever, muscle ache and fatigue are also very common in SLE [1]. 
 
 
1.6 CLASSIFICATION CRITERIA 

Due to the complexity of SLE, its varied clinical picture and multiorgan involvement, it 
has been difficult to make a uniform definition of SLE. However because precise 
definitions of SLE, mainly for research purpose, were needed, the American College of 
Rheumatology (ACR) developed a set of criteria that reflected the major clinical 
features of the disease and incorporated the associated laboratory findings. In 1982, 
ACR revised the preliminary criteria (table 3) from 1971 [63]. The presence of four or 
more of the total of 11 criteria is necessary for diagnosis, although these criteria are not 
required to be present simultaneously. The criteria give a 96% sensitivity and 92% 
specificity for the presence of SLE [63]. In 1997, an update of these criteria was 
published, where two changes were proposed; deletion of positive LE cell preparation 
and addition of positive antiphospholipid antibodies [64]. 
 
Table 3 

 Criterion Definition 
1 Malar rash 

 
Fixed erythema over the malar eminence 

2 Discoid rash 
 

Erythematous raised patches 

3 Photosensitivity 
 

Skin rash as an unusual reaction after sun exposure 

4 Oral ulcers Oral or nasopharyngeal lesions observed by a physician 
5 Arthritis 

 
Non-erosive, two or more peripheral joints affected 

6 Serositis 
 

Pleuritis or pericarditis  

7 Renal disorder 
 

Persistent proteinuria >0.5g/d or cellular casts 

8 Neurological disorder 
 

Seizures or psychosis 

9 Hematological disorder Haematolytic anaemia, leucopenia, lymphopenia, 
thrombocytopenia 

10 Immunological disorder Positive LE cell preparation, anti-dsDNA, anti-Sm or false 
positive test for syphilis 

11 Antinuclear antibody 
 

Abnormal titer of ANA 
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2 LUPUS NEPHRITIS (LN) 
 
The kidney is one of the major target organs of SLE. 
Data on incidence and prevalence varies among the different studies done and reflect 
the patient population studied (age, gender, ethnicity) and the period of time under 
observation. However renal disease is assessed to be present at diagnosis of SLE in 25-
50% of patients and up to 60% will develop it during the course of the disease [65]. In a 
large Swedish SLE cohort from the Karolinska University Hospital the prevalence of 
LN is found to be 36% (Gunnarsson, personal communications). One fifth of patients 
with proliferative lupus nephritis (PLN) may not respond to standard therapy [66] and 
one in three may experience a flare during the disease course [67, 68].  The cumulative 
end stage renal disease at 10 years have been estimated to 5-20% were the higher 
numbers more likely refer to the “real world” patient [69, 70]. 
 
 
 
2.1 DEFINITIONS AND OUTCOME MEASUREMENTS 

 
2.1.1 Criteria for diagnosis and outcome measurements 

The criterion for diagnosis of renal disorder included the presence of: a) persistent 
proteinuria >0.5 g/24 hours (or greater than 3+ urine dipstick reaction for albumin), or 
b) cellular casts, including red blood cell, hemoglobin, granular, renal tubular or mixed 
[63, 71] (table 4). 
 
  Table 4 

Criteria for diagnosis of renal disorder 
Proteinuria Persistent  >0.5g/24 hours (or +3 dipstick reaction for albumin) 

or  
Cellular casts Red blood cells, hemoglobin, granular, renal tubular or mixed 

 
 
 
Several disease activity and end organ damage assessment tools have been developed 
for use in SLE. The most commonly used for categorizing disease activity are the  
Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) [72], the Systemic 
Lupus Activity Measure (SLAM) [73] and the British Isles Lupus Assessment Group 
(BILAG) [74, 75]. The Systemic Lupus International Collaborating Clinics: American 
College of Rheumatology (SLICC/ACR) damage index [76] is used to denote 
cumulative and mostly irreversible end organ damage. 
These instruments are mostly used to facilitate selection and monitoring of patients for 
clinical research studies more often than for clinical practice, although desirable.  
The disadvantage of most of these instruments is that they aim to capture activity in all 
organ systems collectively. They also vary in style and purpose; SLAM aims to capture 
disease activity based on the presence or absence of a clinical or laboratory 
abnormality; SLEDAI weights scores of component activity at a particular point in 



 

12 

time; BILAG focuses on changes in disease activity over time and their implications for 
therapeutic interventions. BILAG is based on the clinician’s intention to treat and can 
be applied on an organ based level and has thus perhaps the most potential for practical 
utility in monitoring and when treating patients with LN [71]. 
No consensus on outcome definitions in LN such as response/remission, complete and 
partial response, relapses / flare has in the past years been available. During the years 
attempts have  been made to develop defined outcome measures for LN and recently a 
consensus statement among broad categories of specialists with experience on treating 
LN have been published [77].  
 
 
 
2.2 FLARES 

 
Three types of flare can be defined [77]; 
 
 

1. a nephritic flare is an increase or recurrence of active urinary sediment 
(increased haematuria with or without reappearance of cellular casts) with or 
without a concomitant increase in proteinuria.  
Nephritic flares are usually associated with a decline in renal function.  

2. a severe nephritic flare is an  
increase or recurrence of active urinary sediment with an increase ≥25% in 
serum creatinine  

3. a proteinuric flare which is characterized by: 
a. a persistent increase in proteinuria to values higher than 0.5–1.0 g/day 

after a complete response is achieved  
b. or a doubling of proteinuria, with values higher than 1.0 g/day, after 

achieving a partial response  
 
 
Nephritic flares are known to be common in patients with LN even in those with initial 
complete response. The incidence of LN flares differs in various studies from 27-66% 
and a direct comparison is difficult due to differences in study design [68]. In one study 
on patients with PLN 13% flared after a mean time of 43 months after initial treatment 
with immunosuppressives. The probability of renal flare after 50 months was 30% and 
78% in patients treated with prednisone + oral cyclophosphamide and prednisone alone 
respectively [78]. In another study on PLN comparing intravenous (IV) 
cyclophosphamide (CYC) or IV methylprednisone (MP) alone or in combination the 
flare rate was found to be 45% after 12 years with most flares occurring within the first 
4 years. Higher flare rates were seen in patients with partial response compared with 
patients achieving complete response (63% vs. 40%) [67]. In the Euro-Lupus Nephritis 
Trial (ELNT) 28% flared while on maintenance treatment with Azathioprine (AZA) 
[79]. A recent trial on induction therapy with IV CYC and further maintenance 
treatment with different immunosuppressives showed that 29% of patients flared during 
a follow-up of 72 months [80]. 
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2.3 PROGNOSTIC FACTORS 

 
In a review article on mortality in SLE describing eleven cohort studies conducted 
between 1992 and 2001, mortality in patients with LN was shown to be almost 15% at 
five years and approximately 25% at ten years. This is almost twice the mortality risk 
for all patients with SLE [81]. However, a recent report from a multisite international 
SLE cohort showed decrease in SMR due to renal disease during the period from 1979 
to 2001 [11].  
 
 
2.3.1 Prognostic factors for flares 

 
A variety of demographic and disease characteristics have been found as predictors for 
renal relapse: younger age at disease onset, a delay (>5 months) to initiation of 
treatment, male sex, arterial hypertension, longer time to reach remission, signs of 
severe SLE, treatment with lower dose of oral CYC and higher activity score at renal 
biopsy [68]. 
In a study by Illei et al patients with partial response were more likely to flare 
compared with those achieving complete response and low levels of complement C4 
(<11 mg/dL) at time of response as-well as African-American ethnicity predicted renal 
flare [67].  
 
 
 
                Table 5 

Prognostic factors for renal flares 
Demographic 

Young age 
Male sex 
Balck race 

Disease activity 
Severe SLE 
Arterial hypertension 
High activity score in renal biopsy 

Treatment 
Delay in initiating treatment 
Delay to reach remission 
Partial response 

Laboratory 
Low C4 
Rising anti-DNA antibodies 

                     Adapted from Sidiropoulos PI et al, 2005; Lupus [68] 
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2.3.2 Prognostic factors for severe renal outcome 

 
Demographic characteristics such as race, gender, age, socio-economic status: 
laboratory parameters including elevated serum creatinine, severe anemia, low serum 
C3 and C4 and high anti-dsDNA titers at diagnosis: and finally concomitant 
involvement of other major organs, presence of antiphospholipid syndrome and 
pregnancy are all predictors of severe disease and adverse renal outcome.  
 
In a follow up study (median follow-up 41 months) on the initial Euro-Lupus Nephritis 
Trial (described in 2.6.1.1.2), Houssiau et al published data on prognostic factors that 
could predict long-term renal outcome. The most interesting finding was the effect of 
the initial reduction in 24-h proteinuria. The positive predictive value of a 75% drop in 
24-h proteinuria at 6 months for a good long term renal outcome was 90% [82]. The 
positive predictive value of an early drop in proteinuria for a good long-term renal 
outcome was recently confirmed after 10 years of follow-up [83].  
 
Both the histological activity and chronicity indicis (AI and CI) have been shown to 
predict progression of LN. Austin et al showed that the composite AI and CI were 
strong predictors of renal failure and cellular crescents, fibrinoid necrosis and tubular 
atrophy had the highest prognostic value [84]. A CI greater than five and the presence 
of cellular crescents at repeat biopsy have been noticed as important indicators of 
declining renal function [85]. 
 
Poor compliance and poor or late response to therapy are additional risk factors for 
adverse renal outcome [86]. 
 
 
 
2.3.3 Prognostic factors for MLN 

 
No consistent major prognostic factors for MLN have been identified in the literature. 
Baseline values of creatinine and proteinuria do not seem to correlate with renal 
function [87, 88]. However, patients who developed nephrotic syndrome at any time 
during follow up were at increased risk for ESRD [89]. The morbidity and mortality 
risk of MLN have been highlighted as protracted proteinuria has been associated with 
substantial risk of developing thrombotic and cardiovascular events [90, 91].  
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2.4 PATHOLOGICAL MECHANISMS FOR LN 

 
LN is believed to be caused by depositions of IC in the kidney glomerulus. The 
presence of immunoglobulins and complement breakdown products is found in kidney 
biopsies from patients with LN.  
 
 
2.4.1 The role of anti-dsDNA, complements and cytokines 

 
The mechanisms by which auto-antibodies form immune deposits in the kidney have 
been debated and three not mutually exclusive theories have been put forward:  
 

1) deposition of circulating immune complexes 
2) direct binding to endogenous renal antigens  
3) direct binding to endogenous antigens localized within the kidney.  
 
 

A direct pathogenic role for anti-dsDNA in LN has been suggested as its titers in the 
circulations have shown to correlate with signs of nephritis as well as a temporal 
association of rising titers with increased disease activity [92].  
However the circulating IC theory (1) where preformed immune complexes are 
passively trapped within glomeruli has in recent years lost steam as a primary event. 
This is partly because transfer of preformed DNA-anti-dsDNA complexes has been 
hard to recapitulate in the kidney tissue, they are rapidly removed by the liver and 
administrated complexes to lupus prone mice have shown to rather suppress disease. 
These complexes have however been shown to transiently localize in the glomerulus 
where they are thought to be able to affect cytokine release and matrix production [92].  
 
Most evidence seems to support the initiation of immune depositions by in situ 
mechanisms. A cross reactive theory has been put forward (2) as pathologic antibodies 
eluted from lupus kidneys could directly bind to glomerular extracts. 
The planted antigen theory (3) supported by many is mainly based on the more recent 
evidence that suggests nucleosomes as the major autoantigen involved in the in situ 
interaction with autoantibodies. However, both low molecular weight DNA and 
histones are also known to localize in the kidney in the same way. In support of the 
central role of nucleosomes, anti-dsDNA, anti-histone and anti-nucleosome antibodies 
all have been shown to bind nucleosomes previously localized within glomeruli. The 
nucleosome-glomerular interaction is thought to be facilitated by the cationic charge of 
the histones and the negative charge of the glomerular basement membrane. 
Furthermore heparin-sulfate glycosaminoglycan has been identified as the candidate 
ligand for the initial nucleosome binding [92]. 
 
However, there seem to be qualitative differences among subsets of lupus auto-
antibodies that determine their capacity for immune deposition and inflammation. Their 
pathogenicity is thought to be governed by properties unique to the antigen binding 
region and the Ig isotype [92].  
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Deposition of antibodies leads to activation of the inflammatory cascade through the Fc 
region where different cells, complement factors and cytokines contribute to the 
inflammatory process. The anatomical location of immune deposits most likely 
influences the effector mechanisms taking place as well as the clinical and histological 
manifestations that appear [92].  
 
 
 
2.5 HISTOLOGICAL CLASSIFICATION 

 
The morphological changes found in a renal biopsy from a patient with SLE 
compromise a spectrum of vascular, glomerular and tubulointerstitial changes. Various 
glomerular lesions commonly seen in LN are thought to be the results of diverse 
immune insults probably derived from independent pathogenic origins.  
 
 
The different morphological forms of LN were first described in a standardized way 
with the International Study of Kidney Disease in Children (ISKDC)/World Health 
Organization (WHO) classification in 1982 which was further revised as the WHO 
Classification published in 1995 [93] (Table 6). This classification distinguished focal 
segmental inflammatory lesions of lupus glomerulonephritis (FSGN = WHO III) from 
the global diffuse form (DPGN = WHO IV).  It has earlier been stated that the FSGN 
form is derived from different immunological mechanisms and is in that way not 
merely a milder or less advanced form of DPGN as has also been confirmed in a recent 
publication [94].  
 
 
The revised WHO Classification from 1995 and the most recent 2004 Classification 
proposed by the International Society of Nephrology and the Renal Pathology Society 
(ISN/RPS) separated patients with segmental lesions on the basis of the percent of 
glomerular involvement (Table 7). Thus patients with more than 50% glomerular 
involvement are categorized with patients who have global inflammatory lesions. The 
most obvious distinction between the ISN/RPS criteria and the WHO revised criteria is 
the distinction between the former FSGN (WHO III) and DPGN (WHO IV) where in 
the ISN/RPS there is a distinction made on the bases of how much (< or > than 50%) of 
the glomerulus is affected and how many (< or > 50%) of all glomeruli in the biopsy 
are affected. The changes are further categorized by the amount of active and chronic 
lesions.  
 
 
These newer criteria are in this way (as shown in table 7) not easier to adapt comparing 
the WHO classification (Table 6) and it remain to be elucidated how these will guide 
the clinician in the evaluation and treatment of patients with LN. 
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Table 6 
The 1982 international study of kidney disease in 

children/World Health Organization  
[Morphologic Classification of Lupus Nephritis (Modified)] 

I. Normal glomeruli 
          (a) nil (by all techniques) 
          (b) normal by light microscopy, but deposits by electron or  immunofluorescence microscopy 

II. Pure mesangial alterations (mesangiopathy) 
         (a) mesangial widening and/or mild hypercellularity (þ) 
         (b) moderate hypercellularity (þþ) 
III. Focal segmental glomerulonephritis (associated with mild or 
       moderate mesangial alterations) 
         (a) with ‘active’ necrotizing lesions 
         (b) with ‘active’ and sclerosing lesions 
         (c) with sclerosing lesions  
IV. Diffuse glomerulonephritis (severe mesangial, endocapillary 
       or mesangio-capillary proliferation and/or extensive subendothelial deposits) 
         (a) without segmental lesions 
         (b) with ‘active’ necrotizing lesions 
         (c) with ‘active’ and sclerosing lesions 
         (d) with sclerosing lesions 
V. Diffuse membranous glomerulonephritis 
         (a) pure membranous glomerulonephritis 
         (b) associated with lesions of category II (a or b) 
         (c) associated with lesions of category III (a–c)a 
         (d) associated with lesions of category IV (a–d)a 
VI. Advanced sclerosing glomerulonephritis 

Adapted from Lewis et al Pathology of LN, 2005; Lupus [95] 

 

 

Table 7 

International Society of Nephrology/Renal Pathology Society  
(ISN/RPS)  

2003 classification of lupus nephritis 
Class 1   Minimal mesangial lupus nephritis 
                      Normal glomeruli by light microscopy, but mesangial immune deposits by immunofluorescence 
Class II   Mesangial proliferative lupus nephritis 
                      Purely mesangial hypercellularity of any degree or mesangial matrix  expansion by light microscopy, with               
                      mesangial immune deposits 
                      A few isolated subepithelial or subendothelial deposits may be visible by 
                      immunofluorescence or electron microscopy, but not by light microscopy 
Class III Focal lupus nephritisa 
                      Active or inactive focal, segmental or global endo- or extracapillary glomerulonephritis involving 
                    50% of all glomeruli, typically with focal subendothelial immune deposits, with or without mesangial alterations 
             Class III (A) Active lesions: focal proliferative lupus nephritis 
             Class III (A/C) Active and chronic lesions: focal proliferative and sclerosing lupus nephritis 
             Class III (C) Chronic inactive lesions with glomerular scars: focal sclerosing lupus nephritis 
Class IV Diffuse lupus nephritisb 
                      Active or inactive diffuse, segmental or global endo- or extracapillary glomerulonephritis involving 
                      50% of all glomeruli, typically with diffuse subendothelial ID, with or without mesangial. alterations 
                      This class is divided into diffuse segmental (IV-S) lupus nephritis when 550% of the involved glomeruli 
                       have segmental lesions, and diffuse global (IV-G) lupus nephritis when 550% of the involved glomeruli 
                       have global lesions. Segmental is defined as a glomerular lesion involving less than half of the glomerular tuft        
                       This class includes cases with diffuse wire loop deposits but with little or no glomerular proliferation. 
             Class IV-S (A) Active lesions: diffuse segmental proliferative lupus nephritis 
             Class IV-G (A) Active lesions: diffuse global proliferative lupus nephritis 
             Class IV-S (C) Active and chronic lesions: diffuse segmental proliferative and sclerosing lupus nephritis 
             Class IV-G (A/C) Active and chronic lesions: diffuse global proliferative and sclerosing lupus nephritis 
             Class IV-S (C) Chronic inactive lesions with scars: diffuse segmental sclerosing lupus nephritis 
             Class IV-G (C) Chronic inactive lesions with scars: diffuse global sclerosing lupus nephritis 
Class V Membranous lupus nephritis 
                       Global or segmental subepithelial immune deposits or their morphologic sequelae by 
                       light microscopy and by immunofluorescence or electron microscopy, with or without mesangial alterations 
             Class V lupus nephritis may occur in combination with class III or IV in which case both will be diagnosed 
             Class V lupus nephritis may show advanced sclerosis 
Class VI Advanced sclerotic lupus nephritis 
                       590% of glomeruli globally sclerosed without residual activity 

Adapted from Lewis et al Pathology of LN, 2005; Lupus [95] 
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2.5.1 Proliferative LN (PLN – WHOIII/IV) 

PLN withholds both WHO class III and IV and is the most common form of severe LN. 
It compromise lesions to the glomerular tuft involving endocapillary immune deposits 
and secondary endocapillary proliferation as well as necrotizing lesions. Common light 
microscopic features of active class III and class IV LN include subendothelial 
deposits, hyaline thrombi, necroses and cellular crescents. Subepithelial immune 
deposits are mandatory and typically detectable by immunofluorescence and electron 
microscopy in the distribution of the endocapillary proliferations. Glomerular necrosis 
consists of a focus of smudgy fibrinoid degeneration of the glomerular tuft. Cellular 
crescents are feature of active LN and are common overlying necrotizing lesions. On 
immunohistology IgG is almost always the dominant Ig (IgG1 and IgG3 being 
especially prevalent). Few patients have predominant IgA and IgM. Early complement 
components C3, C4 and C1q are also present. 
 
 
2.5.2 Membranous LN (MLN – WHO V) 

MLN differs from PLN in terms of histological features, clinical presentation and 
outcome. MLN is characterized by subepithelial immune deposits along the peripheral 
capillary loops, podocytopathi and clinically by nephrotic syndrome. Little is known 
about the pathogenesis of MLN and most of the knowledge has been extrapolated from 
data on idiopathic membranous nephritis (IMN).  
The target of injury is thought to be the glomerular visceral epithelial cell, the 
podocyte. Proteinuria is assumed to be the result of podocyte injury by the involvement 
of complements.  
No solid evidence based recommendations have been developed for the treatment of 
MLN. The treatment should aim to minimize proteinuria, optimize blood pressure and 
control cardiovascular risk factors. Likewise it is important to have vigilance for 
concomitant or transformation to more aggressive proliferative form. 
 
The main clinical features of PLN and MLN are shown in table 8.  
 
       Table 8 

 Membranous Proliferative 
Early signs/symptoms Often asymptomatic Often asymptomatic 
Dyslipidemia Common variable 
Hypertension Less common Common 
Proteinuria Nephrotic range Variable 
Urinary sediment Nephrotic Nephritic 
Loss of renal function Variable, 

slow progression 
Uniform if untreated,  

can be rapid 
Serologic markers 

Anti-dsDNA 
Hypocomplementemia 

 

 
Commonly absent 

Variable 

 
Common 
Common 

          Adapted from Austin HA and Illei GG, 2005; Lupus [96] 

 



 

  19 

2.6 TREATMENT 

 
In the treatment of LN there are at least 3 important goals [69]. 
 

1. to induce response with a stringent immunosuppressive therapy (given for a 
short period of time 3-6 months; induction phase),  

2. to maintain this response in the long term with immunosuppressants combining 
potency with minimal toxicity (given for 5-10 years; maintenance phase)  

a. avoid renal flare 
b. avoid chronic renal impairment 

3. fulfill the treatment with minimal toxicity 
 
 
Continuous immunosuppression for, at least 5 years after initial treatment has been 
shown to be beneficial in terms of renal relapse [97]. 
The current treatment paradigm for LN consists of initial induction therapy followed by 
maintenance therapy. Induction therapy is usually an intensive treatment lasting for 3-6 
months and aims to control the disease activity and achieve response. Maintenance 
therapy is often less intense and at the same time less toxic, more prolonged and aims 
to sustain response and prevent flares.  
 
 
2.6.1 Induction therapy in LN 

The primary aim of the treatment must be to reduce mortality and the risk for 
development of ESRD. Proteinuria is one of the main features of LN and a proven risk 
factor for hyperlipidemia and increased risk for cardiovascular events [89, 98]. 
Once remission is achieved renal flares are the strongest predictor of progression to 
ESRD [99]. Another goal in the treatment of LN must therefore be to prevent flares and 
control proteinuria. Close monitoring and suppression of disease activity are therefore 
of paramount importance. Additional immunosuppressive treatment after induction-
therapy has been shown to be effective in preventing flares and thus effective 
maintenance therapy is considered essential. 
 
Beside moderate to high GC doses the choice of induction therapy is mainly between 
high dose IV CYC, low dose IV CYC, AZA, or Mycophenolate Mofetil (MMF).  
 
 
2.6.1.1 Cyclophosphamide (CYC) 

 
2.6.1.1.1 High dose IV CYC – NIH regimen 

The National Institute of Health (NIH) regimen is composed of high dose IV CYC, one 
pulse monthly for 6 months with a start dose of 0.75-1.0 g/m2 and increased to suppress 
the white blood cell count nadir (minimum 1500 /µl) [100-102]. This approach 
followed by a maintenance therapy of quarterly high dose IV CYC for an additional 
two years period has been proven superior to GC only in preserving renal function 
[101]. However, the NIH-trials also contributed with information on time of follow-up 
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and concluded that at least 10 years of follow up were needed to show significant 
difference in terms of development of ESRD when comparing different treatment 
options [103]. The high dose IV CYC option is associated with risks of bladder 
toxicity, premature ovarian failure and severe infections. Additionally it has been 
proven less effective in Afro- and Caribbean-Americans. 
 
2.6.1.1.2 Low dose IV CYC – Euro-Lupus regimen  

In the light of the many side effects of the high dose IV CYC regimen a new approach 
using low-dose IV CYC has evolved; the Euro-Lupus regimen. This regimen consists 
of IV CYC given at a fixed dose of 500 mg/pulse at fortnightly intervals for 3 months 
(total of six pulses) followed by maintenance therapy with AZA. A controlled 
randomized trial was designed to compare the low dose regimen with the standard NIH 
protocol. Both treatment arms were followed with AZA, prescribed from week 12 or 44 
in the low-dose and high-dose arm respectively. The patients enrolled had biopsy-
proven proliferative LN and 84% were white. After a median follow-up of 41 months, 
the rate of treatment failures did not differ between the groups and severe infectious 
episodes were much less common in the low-dose group although not statistically 
significant [79]. A follow up on the Euro-Lupus Nephritis Trial (ELNT) with additional 
data on prognostic factors was published 2004 and again recently [82, 83]. During a 
follow-up of 10 years there is still no significant difference in the development of 
ESRD or doubling of serum creatinine. In terms of prognostic factors an initial 
reduction in the 24 h proteinuria (75% drop in proteinuria at 6 months compared to 
baseline) was shown to be a strong predictive factor of good long term renal outcome. 
The authors concluded that long-term renal outcome can be predicted by early response 
to therapy [83]. 
 
 
2.6.1.2 Azathioprine (AZA) 

Treatment with AZA together with IV methylprednisolone (MP) compared with the 
NIH IV CYC regimen showed, after a follow-up time of 6.4 years, a significantly 
higher proportion of patients achieving sustained doubling of serum creatinine (SDSC) 
in the AZA+MP arm. The activity index in repeat renal biopsy dropped in both 
treatment arms while the chronicity index increased in the AZA+MP arm compared 
with the NIH arm [104, 105]. These results do not support using AZA as part of 
induction therapy for patients with PLN [69]. 
 
 
2.6.1.3 Mycophenolate mofetil (MMF) 

Uncontrolled studies and case series have demonstrated the effectiveness of MMF in 
LN when other immunosuppressive regimens proved unsuccessful [106]. The first 
studies by Chan et al were assigned, as induction therapy for LN comparing MMF 
(n=21; 2 g/d for 6 months and 1 g/d for additionally 6 months) with oral CYC (n=21; 
2.5 mg/kg per day for 6 months) followed by AZA (2.5 mg/kg per day for 6 months). 
After one year all patients were maintained on low dose AZA (1-1.5 mg/kg per day). 
No difference was shown in the early response between the two arms (CR in 81% in 
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the MMF arm and 76 in the CYC/AZA arm) [107]. However, further follow up 
indicated more early relapses in the MMF arm. [108].  
 
Ginzler et al compared MMF with NIH IV CYC in a remission-induction trial designed 
to show equivalence between the two arms. The composition of patients in the trial was 
somewhat unusual in that 56% were Afro-Americans and 44% of patients had 
nephrotic range proteinuria. The study time was 24 weeks and primary endpoint was 
CR at 24 weeks and a secondary endpoint was PR. The MMF doses were 1-3 g daily 
and IV CYC was administered according to the NIH regimen. Oral GC was given at a 
dose of 1 mg/kg/day with tapering by 10-20% every one or two weeks on basis of 
clinical improvement. Of 140 patients recruited 71 were randomized to MMF and 69 to 
CYC. At 12 weeks 56 patients receiving MMF and 42 receiving CYC had satisfactory 
early responses. A significantly higher proportion of patients in the MMF arm reached 
CR (22.5% in the MMF arm compared to 5.8% in the CYC arm). Partial remission 
occurred in 29.6% of the MMF patients and 24.6% of the CYC patients (p=ns). Severe 
infections and sustained lymphopenia was less common in the MMF group [109]. 
 
 
In the recent ASPREVA Lupus Management Study (ALMS) comparing MMF and 
NIH IV CYC in an open randomized remission induction trial which was powered for 
superiority of MMF over IV CYC the primary endpoint, response at 24 weeks, was not 
met. Patients enrolled (370) had active classes III, IV, and V LN. Demographics and 
baseline disease characteristics were similar between the treatment groups as well as 
number of withdrawals. The GC doses and number of patients taken concomitant 
medication were also comparable between the groups. The average MMF dose was 
2.5 g/day and the median total CYC per infusion was 0.75g/m2. The primary end 
point, CR at 24 weeks” was achieved in 104 (56.2%) patients receiving MMF, 
compared with 98 (53.0%) patients receiving IV CYC. 
In this study however only 12.4% were Afro- or Caribbean-Africans and in a 
subanalysis MMF was shown significantly superior to IV CYC in this group of 
patients. In black patients or of mixed race 60.4% responded to MMF compared to 
38.5% to IV CYC. In Hispanic patients 60.9% responded to MMF while only 38.8 to 
IV CYC. 
 
Regarding histological classes the response rates were similar between patients with 
renal biopsy class III or IV and those with renal biopsy class V, irrespective of 
treatment. No differences were seen in secondary endpoints or frequencies of adverse 
events between the treatment arms.  
Interestingly only 16 (8.6%) patients in the MMF group and 15 (8.1%) in the IVC 
group achieved complete remission after 24 weeks, with substantial urine protein 
persisting in many patients [110]. 
 
 
2.6.2 Maintenance therapy in LN 

Maintenance therapy with quarterly pulses of IV CYC was shown to decrease flares but 
is on the other hand known to increase the risk for sustained amenorrhea and serious 
infections [101]. In a study by Contreras et al in patients with PLN it was shown that 
after induction of remission with the IV CYC NIH regimen both AZA and MMF could 
be used as maintenance therapy and were more efficient and safer than additional 
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quarterly pulses of IV CYC [80]. Thus AZA or MMF are the preferred choices for 
maintenance therapy. With regards to the possible toxicity of IV CYC this regimen 
seems a less reasonable option for maintenance treatment. Two trials comparing AZA 
and MMF after various induction therapies are now ongoing; MAINTAIN which is a 
European based investigator initiated study and ALMA, a company sponsored study. 
 
 
2.6.3 Monitoring and supportive treatment 

All patients with LN should be closely monitored for renal flares. Urinalysis is 
considered more sensitive and reliable than serological tests in detecting early renal 
flare [68]. Angiotensin converting enzyme (ACE) inhibitors and/or angitotensin II 
receptor blockers (ARB) should be used to minimize proteinuria and antihypertensive 
treatment should be used to optimize blood pressure. Attention should be paid to the 
need to treat dyslipidaemia and anticoagulation for patient with nephrotic range 
proteinuria.  
 
 
2.6.4 Role of renal biopsy 
The objective of renal biopsy is to assess renal activity in patients with lupus and 
confirming a renal flare if the diagnosis is uncertain. Renal biopsy can also identify 
patients with adverse prognostic factors for progressive renal disease.  
It was shown by Hill et al that persistent renal inflammation at repeat kidney biopsy 
(performed after termination of induction therapy according to the IV CYC NIH 
regimen) was a very strong predictor of an unfavorable renal outcome [111]. 
Normalization of urine does not necessarily imply normalization in the kidney and a 
repeat biopsy may reveal a transformation from a more benign to a more aggressive 
form of LN. The facts that clinical signs and symptoms do not always mirror the 
disease in the target tissue was confirmed in a study by Gunnarsson et al which showed 
that 6/18 patients still had active proliferative changes on repeat renal biopsy despite 
aggressive immunosuppressive treatment and clinical improvement [112]. Performance 
of repeat renal biopsy may thus be fundamental to identify patients with residual or 
ongoing renal inflammation. 
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3 NEW TREATMENT APPROCHES –BIOLOGICS 
 
Despite active treatment a category of SLE patients and patients with LN remain 
unresponsive to available treatments. With better understanding of the pathophysiology 
of patients with SLE and LN new approaches with more targeted therapies are under 
investigation [113]. It has become clear that B lymphocytes play a key role in disease 
pathogenesis by both autoantibody-dependent and autoantibody-independent 
mechanisms. Aberrant interactions between B and T cells seem also critical to disease 
emergence and progression [114]. 
 
 
3.1 TREATMENT WITH RITUXIMAB 

 
3.1.1 CD 20 
The human CD20 cell surface molecule is a membrane-associated phosphoprotein 
with a structure of 4 transmembrane regions of about 33–37 kDa molecular weight. It 
has a limited extracellular loop of 44 amino acids and cytoplasmic N- and C-termini 
[115]. The physiological role of CD20 is mostly unknown but it has been speculated 
to serve as a calcium channel [116]. Interestingly, CD20 null mice have no obvious 
phenotype and they appear to have normal B-cell responses [117]. CD20 is expressed 
on B-cells from the pre-B-cell stage until late in differentiation and is thus lacking on 
stem cells, pro-B cells and plasma cells and it is not found in other normal tissue 
[118]. In addition to its restricted expression on B-cells, CD20 is an effective target 
because it is highly expressed (about 100,000 molecules/cell); it does not shed or 
internalize in response to antibody binding; and it is not generally present in an 
appreciable amount in soluble form [115]. 
 
 
3.1.2 The antibody Rituximab 
Rituximab (RTX) is a chimeric antibody made from a murine anti-human CD20 mAb 
and has been shown to deplete B-cells in vivo from the peripheral blood [119]. 
Depletion from primary and secondary lymphoid organs (such as bone marrow, 
spleen, lymph nodes, tonsils) as well as from target tissue has been less studied. 
However, a few reports on depletion from bone marrow, spleen [120],  tonsils [121] 
and kidneys [122] in SLE patients as-well as from synovium [123] in patients with 
rheumatoid arthritis (RA) have been published. 
   
The mechanism of B-cell depletion by rituximab is suggested to take place by 
antibody dependent cell mediated cytotoxity (ADCC), complement fixation, 
apoptosis, or sensitization to cytotoxic agents or steroids [115]. These different 
mechanisms have been demonstrated in vitro, but it is unclear to what extent they 
occur in vivo. The effectiveness of depletion of peripheral blood B-cells has been 
related to the presence of a FcRγIIIA allele, suggesting ADCC to be an important 
mechanism of B cell depletion [124].  
 
RTX was first used successfully in the treatment of B cell malignancies [125, 126]. 
The most commonly used dosing regimen in SLE/autoimmune disease, 375 mg/m2 
IV given weekly for 4 weeks is based on dosing in clinical trials on non-Hodgkin’s 
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lymphoma. An alternative regimen with 1000 mg twice given in 2 weeks interval is 
today being used with success in RA [127].  
Both dose regimens achieve a peak blood level of about 400–500 µg/ml [128]. The 
agent is metabolized with a half-life of about 20 days after full dosing, and 
measurable amounts (1–10 µg/ml) remain up to 6 months after the initiation of 
therapy [129, 130]. B cells are usually depleted from peripheral blood up to 6-9 
months but very long lasting B cell depletions have been reported on in occasional 
patients (Paper V). 
The combinations of RTX with either steroids or cytotoxic agents have in some 
studies shown to be particularly effective. The findings may suggest an in vivo 
synergy, but could also be due to additive clinical effects of the different agents [131]. 
 
In RA re-treatment with RTX has been performed either on the basis of recurrence of 
clinical symptoms, at fixed intervals (e.g., every 6 months), or even on the basis of 
serial measurements of the serum level of reagent [132]. How re-dosing should be 
applied to immunological disease remain to be determined [133, 134].  
 
The development Human Anti-Chimeric Antibody (HACA) is seen more often in 
patients with autoimmune disease compared with patients with blood malignancies 
treated with RTX. It has been speculated if HACA evolves due to insufficient dosing 
of RTX or difference in concomitant immunosuppressive medications [115]. It is still 
unclear whether their development can limit the degree of B cell depletion, affect the 
degree of response, be a contraindication for re-treatment or be associated with 
adverse events [135]. 
 
 
3.1.3 Rituximab - clinical trials in SLE 

RTX has been used in several open-label trials in SLE during the past few years.  
 
Looney and coworkers treated 17 patients with mild to moderate disease with different 
doses of RTX. Eleven patients achieved effective B cell depletion in peripheral blood. 
Failure to deplete was found significantly more common in African American patients 
and a complete depletion was associated with significantly higher geometric mean 
levels of RTX two months after the initial infusion. Only patients with effective B cell 
depletion had significant improvements in disease activity scoring by SLAM. Clinical 
improvements did not correlate with levels of anti-dsDNA or complement. 
Development of HACA was associated with African American ancestry, higher 
baseline disease activity score, reduced B cell depletion and lower levels of RTX two 
months after initial infusion [136].  
 
Likewise Leandro and coworkers reported on 24 patients with refractory disease who 
were treated with RTX in combination with IV CYC and GC. All but one patient had 
effective B cell depletion and during 6 months of follow-up a significant reduction was 
seen in mean values of the global BILAG score as-well as anti-dsDNA and 
complement titers [137]. This same group reported on re-treatment (2-3 cycles) in 7 
patients from the original cohort. They concluded that re-treatment could be effective 
after initial relapse and that it seemed safe [138].  These findings has also been 
confirmed by others [139].  
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In a study on long-term follow-up (mean 39 months) of 32 patients with heterogeneous 
lupus manifestations, reduction was seen in disease activity. Eighteen patients flared 
after a mean time of 10 months and ten patients were re-treated. Baseline anti-
extractable nuclear antigen (ENA) was the only identified independent predictor of 
flare and patients with low baseline serum C3 had a shorter time to flare. No variables 
were found predictive of outcome in this cohort [140]. Furthermore, the same group 
has recently published a retrospective seven-year analysis of the first 50 patients 
treated with RTX 1000 mg twice combined with IV CYC 750 mg twice. In this study 
the mean follow-up was 39.6 months and 42% of patients achieved remission and 
47% partial remission 6 months after a single cycle of the treatment [141]. 
 
Only a few studies have addressed RTX treatment in a homogeneous group of LN 
patients. Sfikakis et al treated 10 patients with active PLN with RTX in monotherapy. 
Eight achieved a PR after a median of 2 months and five continued to CR (median 3 
months) which was sustained at 12 months in 4/5. At time point of PR or CR a 
marked down-regulation in the expression of costimulatory molecule CD40 ligand on 
T helper cells (CD4+) and a significant decrease in T cell activation markers CD69 
and HLA-DR was observed. These findings indicate an additional role of B cells, 
independent of autoantibody production, in promoting disease [142]. Our own data 
have proven clinical and histological improvements in PLN resistant to conventional 
therapy [122, 143]. In a study by Lindholm et al 17/31 patients treated with RTX had 
resistant LN. Eleven out of seventeen reached PR or CR with increase in GFR [144].  
 
The available studies on RTX in SLE are difficult to compare as they are very 
heterogeneous in their design (patient populations regarding ethnicity and disease 
manifestations, disease activity at baseline, treatment protocol used, concomitant 
medication). Recently a double blinded industrial sponsored study on RTX treatment as 
add on to conventional immunosuppressive treatment (AZA, MMF or MTX) in 
patients with mild or moderate SLE (EXPLORER study) was reported on. However, 
this study did not reach its primary end point and none of the secondary end points. A 
second study using the same model but only for patients with LN (LUNAR) has 
recently been completed. A press release states that this study did not meet the primary 
end-point, complete response either. No further information has to date been released.  
 
 
3.2 SAFETY 
 
3.2.1 Infusion reactions  
Treatment with RTX has generally been well tolerated without serious adverse 
events. Most common are infusion reactions, mostly mild. Treatment with GC, 
antihistamines and acetoaminophen is believed to reduce the risk for infusion 
reactions. 
 
 
3.2.2 Infections 
3.2.2.1 Bacterial infections 

Since RTX was first approved 1997 as a single agent for treatment of relapsed and 
refractory indolent non-Hodgkin's lymphoma (NHL) more than 730,000 hematologic 
patients have been treated with RTX, either as monotherapy or in combination with 
chemotherapy and totally worldwide, more than 1.5 million patients have been treated. 
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Pooled data from 365 patients with hematological malignancies treated with RTX in 
monotherapy showed an overall incidence for infectious events of 30%; 19% had 
bacterial infections, 10% viral infecitions,1% fungal and 6% of unknown etiology. 
Severe infectious events, including sepsis occurred in only 1% during the treatment 
period and in 2% during follow up. It has been concluded that addition of rituximab 
to chemotherapy used in a variety of combination regimens do not add significantly 
to the toxicity of the treatment [145, 146].  
 
 
RTX has been registered for use in RA since 2006.  
A large randomized double-blind, placebo-controlled, phase III trial, the REFLEX 
trial, evaluated the efficacy and safety of RTX in RA. The rate of serious infections 
24 weeks after one course of RXT was shown to be increased to 5.1 per 100 patient-
years [147]. In a recent study evaluating additional courses of RTX in RA a total of 
1,039 patients received >1 course, 570 received 2 courses, 191 received 3 courses, 
and 40 received 4 courses, for a total of 1,669 patient-years. The infection rate from 
the REFLEX trial was confirmed in this study and was shown to remain stable 
through additional courses. These results are consistent with those of a recent 
prospective observational study of TNF inhibitors (etanercept, infliximab, and 
adalimumab) demonstrating a serious infection rate of 5.3 per 100 patient-years 
[148]. 
In an extention study, 7% (68 of 1,039 patients) in the allexposure RA population 
experienced serious infections following treatment with RTX. Irrespective of 
treatment course, the infection rate was higher during the first 3 months after the 
infusion and declined thereafter. The most common infections reported were upper 
respiratory and urinary tract infections. Three serious infections were fatal. Two 
occurred after the first course (bronchopneumonia and neutropenic sepsis) and the 
third after the second course (septic shock). No incidences of opportunistic infections 
or tuberculosis were observed [149]. 
 
 
In this same study it was shown that the proportion of patients with circulating IgM 
and IgG levels below the lower limit of normal (LLN) increased with subsequent 
courses (for IgM 10.3% after course 1, and 23.5% after course 3; IgG 1.5% after 
course 1, and 5.9% after course 3; IgA 0.5% at baseline to 0.8% at weeks 16 and did 
not increase further overtime).  
However, serious infection rates in these patients (5.6 per 100 patient-years for low 
IgM levels and 4.8 per 100 patient-years for low IgG levels) were comparable with 
those in patients with immunoglobulin levels above the LLN (4.7 per 100 patient-
years) [149]. 
 
 
For SLE and other autoimmune diseases that have been treated off-label with RTX 
available data is insufficient to detect a clinically important increase in serious 
infections. These studies are also too heterogeneous in choice of patients, RTX 
regime, concomitant medication and GC doses to draw any sensible conclusions from 
the data. In the studies available on autoimmune diseases an increase frequency in 
minor infections has been observed, mostly upper airway and urinary tract infections. 
However one has to bear in mind the inherited infection risk of an active autoimmune 
disease as well as the fact that these patients are often heavily treated with other 
immunosuppressive medication and GC. 
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3.2.2.2 Viral infections 

Defective humoral responses can pose a problem, especially regarding varicella zoster 
virus and in patients positive for Parvovirus B19 as well as regarding toxin producing 
infectious agents. 
There are also concerns regarding reactivation of latent and chronic infections. 
Reactivation of intracellular organisms such as tuberculosis has not been reported in 
RTX treated patients. Reactivation of hepatitis B virus (HBV) has been found in 
patients treated with RTX + concomitant chemotherapy but also in patients treated 
with RTX in monotherapy [150, 151]. Hepatitis C virus, does not seem to be affected 
by RTX therapy but cases of reactivation of EBV or cytomegalovirus (CMV) are 
commonly reported in patients receiving RTX + concomitant immunosuppressants or 
chemotherapy [152]. 
 
The reports on RTX treated SLE patients developing progressive multifocal 
leukoenchephalopathy (PML) have yielded concerns [152-154]. PML is usually a 
fatal demyelinating disease caused by the JC polyoma virus which is found latent in 
approximately 80% of the population. It is known to be able to reactivate in 
immunocompromized hosts. Patients with HIV and those severely immunosuppressed 
because of malignant disease or heavy immunosuppressive therapy are known to be at 
risk [154, 155]. JC virus reactivation and development of PML are sometimes seen in 
patients with rheumatic diseases. Forty six cases are reported on in the literature, 30 
in patients with SLE. Approximately 2/3 of the SLE cases had never been treated 
with alkylating agents and half had only been treated with minimal 
immunsuppressive agents [154]. Four patients with rheumatologic disease have been 
identified with PML after treatment with RTX, one patient with RA, one with 
vasculitis and 2 with SLE. Both SLE patients had prior been treated with CYC and 
varying doses of glucocorticoids. No obvious pattern has been noticed in these cases 
and it is clear that SLE in itself may predispose to development of PML but the 
potential mechanisms are unclear [155].  
Vigilance should be taken for patients with autoimmune diseases treated with RTX 
and presenting with neurological symptoms. 
 
 
 
3.2.3 Neutropenia 
Transient neutropenia has been reported on, both early and later during follow-up 
after RTX. In some of the early cases the neutropenia has been speculated to be 
secondary to the CYC treatment given simultaneously. Regarding the late onset 
neutropenia (LON) some speculations have been put forward on the association 
between B cell recovery and granulocyte decline. Most of the reports are from the 
lymphoma literature [156]. We have also experienced SLE patients with LON (Paper 
I and Paper IV) and a recent case report on patient with RA is published [157]. 
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3.3 IMMUNOLOGIC EFFECTS OF RITUXIMAB 

 
The degree of B cell depletion varies among patients and has been found to correlate to 
serum RTX levels and the FcγRIIIa genotype [124]. In a subset of patients with 
prolonged clinical response to RTX a delay of several years was found in the 
reconstitution of memory B cells (CD27+) in peripheral blood. Theses findings 
correlated with the degree of expansion of transitional B cells and the absence of ENAs 
[121]. Abnormalities in B cell homeostasis were also shown to improve after RTX with 
fewer double negative B cells (CD27-, IgD-), fewer plasmablasts and decreased 
frequency of VH4.34 memory B cells [158]. This has been confirmed in another study 
showing a decrease in antinucleosome and anti-dsDNA antibodies while other 
autoantibodies and antimicrobial antibodies were kept unchanged. The authors 
concluded that B cell clones including the VH4.34 subpopulation of anti-dsDNA 
antibodies had a rapid turnover compared to B cell clones producing other antibodies 
[159]. It is thus suggested that most Ig are secreted by mature long-lived PCs lacking 
CD20 and that this explain the stable levels of IgG and IgA as well as antimicrobial 
antibodies [159].  
 
In contrast, IgM and IgE are thought to be secreted by short-lived PCs or plasmablasts 
still bearing CD20. Our own findings showing that anti-dsDNA IgM decline in 
proportion to global IgM, while IgG and IgA anti-dsDNA do not, supports the view 
that IgM anti-dsDNA are not pathogenic and strengthen the idea that cells producing 
pathogenic autoantibodies are preferentially targeted by the treatment (Paper I). 
 
An expected complication of therapy is the failure to respond to vaccines. 
 
BCDT aims to restore B cell homeostasis. It is speculated that patients who flare early 
probably experience a rapid re-expansion of pathogenic B cell clones and that this 
could be facilitated by specific B cell survival factors (B lymphocyte stimulator 
(BLyS), also known as BAFF). BLyS is known to be elevated in SLE and correlates 
modestly with disease activity [160, 161]. BLyS has also shown to be increased in 
plasma approximately 3 months after RTX treatment [162, 163] and raised baseline 
levels predicted shorter clinical responses [162]. Treatment with anti-BLyS 
(belimumab) as well as TACI-Ig (atacicept) is currently tested in lupus and LN [69]. 
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4 AIMS 
 
 
General aim 
 
To investigate the clinical response when treating patients with therapy resistant SLE 
with the B-cell depleting drug rituximab 
 
 
Specific aims 
 

• to investigate the clinical response, safety and eventually predictors of response 
when treating patients with heterogeneous manifestations of lupus with 
rituximab 

 
• to investigate the clinical and histological response to B-cell depletion in 

patients with proliferative LN 
 

• to investigate the clinical and histological response to B-cell depletion in 
patients with membranous LN 

 
• to study the long term effects of B-cell depletion on outcome in LN patients and 

to identify predictors of clinical and histological outcome 
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5 METHOLOGICAL CONSIDERATIONS 
 
5.1 PATIENTS AND STUDY DESIGN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Our studies are prospective open labeled which indicate a weakness as the optimal 
study is randomized and double blinded. However, they represent “real live” patients 
with serious disease that would probably not fulfill inclusion criteria for big industrial 
sponsored randomized clinical trials (RCT).  
For our trials with RTX+CYC we selected patients with a severe active SLE that had 
failed to respond to conventional immunosuppressive therapy, including CYC in most 
cases.  
 
Another weakness is the small number of patients which comes with the above 
described inclusion criteria. It is important to keep in mind that because of the 
inherently complex and rare nature of SLE the problem of selecting adequate number 
of patients to have adequate power in studies is extremely challenging. 
 
The patients described in the first paper had heterogeneous disease manifestations that 
make evaluation of the patients and choice of endpoints difficult.  
In the following studies we chose to evaluate only patients with LN.  LN patients are 
more homogeneous, have more objective clinical endpoints to evaluate as well as the 
possibility to look for the histological outcome.  

16 patients with 
heterogenous disease 
manifestations 

25 patients with LN 

6 patients 
with PLN 

6 patients 
with MLN

All patients 
with severe 
resistant SLE 
treated with 
RTX+CYC 
 
2001-2009 

Paper II Paper III

Paper IV

Paper I Paper V 
1 patient 
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All patients fulfilled at least 4 of the ACR criteria for SLE. 
The study was approved by the regional ethics committee and by the Swedish Medical 
Product Agency. All subjects gave their written informed consent before entering. 
 
 
5.2 TREATMENT 

When deciding upon study drug regimen it is important to make estimates based upon 
safety and efficacy data from preclinical animal studies and/or available human studies. 
It is also important to make estimates on doses and concomitant treatment. 
 
In our studies RTX was given as four weekly infusions of 375 mg/m2. This dosing is 
based upon the approved regimen for B cell lymphoma. The optimal dosing for SLE is 
unknown. The studies presently available have used different dosing but there do not 
seem to be dramatic differences in the total amount of drug given when comparing 
different drug regimens.  
 
The concomitant treatment given was CYC 0.5 g/m2 (or a fixed dose of 500 mg) given 
as two separate IV infusions the day before the first and fourth RTX infusion. IV 
methylprednisolone (MP), 250 mg, was administered in combination with the CYC 
infusions. In lack of supportive evidence for the use of RTX in SLE we choose a 
concomitant treatment with CYC. We decided on this approach in an effort to avoid 
leaving the patient without evidence-based effective treatment and simultaneously 
trying to minimize the risk for toxicity and adverse outcome. 
 
GC (IV hydrocortisone 100 mg), acetaminophen and antihistamine were given as pre-
medication before every RTX infusion. Oral GC was increased to approximately 0.5 
mg/kg during the treatment weeks and tapered thereafter as clinically allowed. No other 
immunosuppressive treatment was allowed during B cell depletion. 
The oral GC treatment was given according to clinical practice when treating a serious 
flare and the premedication was considered to minimize the risk for infusion reactions. 
 
 
5.3 FOLLOW-UP EVALUATION  

In SLE clinical-, surrogate- or biomarkers for disease activity have been difficult to 
identify. Examples of surrogate markers used for evaluation of disease activity in LN 
are proteinuria, hematuria, creatinine clearance and renal histology. Candidate 
biomarkers suggested are among others anti-dsDNA, complement levels as well as 
certain cytokines and cell markers [164].   
 
In our studies all patients were followed by a standardized protocol at least every third 
month during the first year and every 6 month thereafter. Each visit included a clinical 
examination and blood sampling. 
Blood sampling was collected for investigation of serum creatinine and serum albumin 
levels, complement C3, C4 and C1q and anti-dsDNA and in subgroup of patients even 
anti-C1q. 
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Renal evaluation included urine analysis (dip slide procedure), urine sediment, and 
investigation of 24 hour protein excretion. Glomerular filtration rate (GFR) was 
assessed by urinary clearance of Iohexol according to clinical routine or assessed using 
the MDRD (Modification of Diet in Renal Disease) formula. 
 
 
5.4 RESPONSE, REMISSION AND RELAPSE CRITERIA 

A known problem in the evaluation of SLE is the lack of clearly defined and well-
validated outcome measures. These measures have to be sensitive to change in disease 
status and at the same time also meaningful in terms of improvement of survival and 
quality of life [164]. 
 
 
5.4.1 Paper I 

There are many concerns when using the available indices for deciding global disease 
activity. For example, the SLEDAI may not measure worsening of an already existing 
sign or symptom, may not be able to detect partial improvement and does not account 
for subjective symptoms such as arthralgias.  
The SLEDAI have several drawbacks. The outcome measured may not always 
accurately reflect the disease activity on the whole. A patient can be improving in one 
system while possible worsening in another without this being noticed in the SLEDAI. 
Small but valuable changes may go unnoticed. 
 
The BILAG on the other hand includes 87 items and covers virtually the entire 
spectrum of lupus manifestations, providing for a definition of flare, for reporting of 
changes in each organ system separately. As BILAG is used to estimate disease activity 
in separate organ systems over time and designed as an “intention to treat” index it may 
unlike the other disease activity indices help to determine need for change in therapy 
[165]. 
 
As there is to date no broad consensus on defined response criteria for SLE we chose to 
analyze this in two different ways. First, a global clinical response was defined as a 
reduction of 50% or more in the SLEDAI score from baseline (SLEDAI-50). Second, 
by using the BILAG definitions, we defined a reduction in the BILAG score of any 
organ system from A to B, or from B to C, to represent a clinically meaningful 
improvement.  
 
Regarding our definition of response using SLEDAI there are obvious some 
limitations. Patients with lower baseline values will have less actual changes in their 
SLEDAI score. Patients with a SLEDAI less than 10 at baseline will not reach the 
improvement criteria of a reduction of 6 points as proposed by the ACR Ad Hoc 
Committee on SLE response criteria [166]. On the other hand not many patients in our 
cohort had a SLEDAI less than 10 at baseline and in those patients that had, SLEDAI 
did not always fully capture the disease manifestation treated.  In patients with low 
values of SLEDAI subtle but meaningful clinical improvements may be hard to prove. 
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It is debated if the term remission should be used at all or if clinical response should 
only be termed by complete or partial response. The response approach has mainly 
been put forward when discussing clinical response in patients with LN [77]. 
In our first paper, however we chose to address remission which should be comparable 
to CR. The term CR might be more correct as the term remission, if used, probably 
should refer to a longer follow up than 6 months. 
We defined disease remission as a SLEDAI score<3, or as the absence of any BILAG 
A or B.   
In a short study like the one described in paper I there are concerns when predicting 
new flares. Typically, in any one patient, relatively few flares are seen over the course 
of one year. Using flare as an outcome measure may thus be difficult to pursue in a 
short term study [164].  
In this first study we defined a relapse based on the BILAG index, as an occurrence of a 
new BILAG A or at least two new BILAG B in any organ system, as the SLEDAI as 
mentioned earlier is not designed to evaluate possible flares. 
 
 
5.4.2 Paper II-IV 

For evaluation of the renal response, the ACR response criteria for proliferative and 
membranous renal disease in SLE clinical trials were used. For the long term follow-up 
study (paper IV) evaluation of the renal response was done using the newly published 
Lupus nephritis European consensus statement [77]. In these statements the ACR 
response criteria for proliferative and membranous renal disease in SLE clinical trials 
and the EULAR guidelines for clinical trials were taken into consideration along with 
opinion from a panel of expertise on LN. According to these criteria, evaluation of 
renal function (GFR), urinary protein level (here assessed by 24-hour urinary protein 
excretion), abnormalities in urinary sediment and adverse events were recorded in order 
to evaluate renal response, complete (CR) and partial (PR), no response and flares.  
 
According to the consensus statement a renal flare is defined as increased disease 
activity requiring more intensive therapy and indicated by an increase in proteinuria or 
serum creatinine, abnormal urinary sediment or a reduction in creatinine clearance due 
to active disease. We also regarded any new renal BILAG A or a change from C or D 
to a renal BILAG B as a renal flare. 
Flare, or relapse, is not specifically defined by EULAR or the ACR guidelines [77]. 
The diagnosis of a LN flare is however important as worse outcome have been noted 
in those patients who have at least one episode of renal flare compared to those who 
have not [99]. 
 
 
5.5 HISTOLOGICAL ASSESSMENT 

Repeat renal biopsy may be considered as the ‘gold standard’ for assessing renal 
activity and confirming a renal flare if the diagnosis is uncertain. Given the fluctuation 
of the pathogenic processes in the lupus kidney and the potential reversibility of certain 
histological features, the prognostic factors identified in different studies may vary, 
depending on the timing of renal biopsy and the treatment regimens employed.  
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We performed repeated renal biopsies in LN patients following the 6 months follow-up 
time-point and in case of renal relapse. All biopsies were graded according to the WHO 
classification and activity (AI) and chronicity indices (CI) were recorded.  
It should be emphasized that AI and CI are subject to inter- and intra-observers 
differences. The reproducibility is limited and attempts to find cut off points for AI or 
CI that could be clinically useful in predicting renal failure or mortality have been 
fruitless [70]. 
 
Evaluation of renal biopsies was done by light microscopy, immunofluorescence, and 
electron microscopy including evaluation of at least two glomeruli. All biopsies were 
evaluated by the same pathologist. For paper III the evaluation of the subepithelial 
immune depositions (ID) was done in a blinded manner. The amount of ID as-well as 
the resorption of immune complexes in the glomerular basal membrane was determined 
by electron microscopy and evaluated by using an arbitrary scale. 
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6 RESULTS AND DISCUSSION 
 
All patients treated had a complete B cell depletion. In the different studies 
repopulation occurred after mean of 4-7 months. The reported variation on achieving B 
cell depletion probably depends to some extent on the dosing of RTX, possible 
concomitant treatment and steroid doses. Rituximab regimens vary among the 
available studies and there is not a single recommended dosage yet. In most of the 
reports, either 1 g given twice separated by 2 weeks, or four infusions of 375 mg/m2 
seem to be preferred. Most of the regimens use concomitant corticosteroids, while 
some also use intravenous cyclophosphamide [167]. The different studies have also 
shown that post-rituximab treatment, remission of SLE can be achieved without 
concomitant immunosuppressive agents [142, 144]. However, there is no consensus 
yet whether baseline immunosuppressive medication should be continued. Due to 
safety concerns we choose not to add further immunosuppressive treatment apart 
from GC while the patients were B cell depleted. We believe that treatment with 
combination of agents (e.g., high dose GC and CYC) may cause more widespread 
depletion of B cells, and possibly of plasma cells, and thus a better possibility to gain 
effective and durable results. 
  
 
6.1 CLINICAL OUTCOME 

Commonly for the subjects studied, we found a significant reduction in the mean 
SLEDAI value 6 months after treatment with RTX + CYC. A response was also seen 
on an organ based level using the BILAG scoring. A significant reduction in the mean 
GC usage was achieved already after 1 month and further reduced 6 months after 
treatment. 
 
6.1.1 Paper I 

Using the predefined criteria on response we found that most of the patients (13/16) had 
gained a response (SLEDAI-50) and approximately half of the patients (9/16) had 
achieved a remission (SLEDAI<3) 6 months after treatment.  
A relapse or flare in any organ system occurred in 7/16 patient after a median of 18 
months (10-40). The flare was always preceded by B cell repopulation and we could 
confirm that the flaring patients had a significantly shorter time of B cell depletion.  
 
Others have also shown that if depletion is incomplete or brief, clinical benefit usually 
is slight or absent [136, 137, 168]. One explanation to incomplete depletion could be 
altered B cell sensitivity. In the studies performed by Looney et al it was suggested that 
incomplete B cell depletion was associated with African-American ancestry and lower 
serum RTX levels [136]. The FcγRIIIa genotype was also found to be a significant 
independent predictor of the efficacy of B cell depletion [124]. Additionally 
development of HACAs was seen in 6/17 patients and these were associated with 
African-American ancestry, higher baseline disease activity scores and reduced B cell 
depletion. The authors concluded that the lower doses of RTX might predispose for 
development of HACA but also raised the concern whether RTX might be more 
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immunogenic in active SLE [124] [136]. Another explanation could be altered B cell 
sensitivity due to complement dysfunction which is supposed to be able to modify B 
cell responses [169]. 
 
 
6.1.2 Paper II-IV 

In paper II-IV we assessed only patients with LN. In paper II we studied patients with 
proliferative LN with emphasis on the histological outcome. In paper III 12 patients 
with membranous LN were studied after treatment with immunosuppressants, CYC 
only in half of the patients and RTX+CYC in the other half. In this paper we evaluated 
the clinical outcome together with the histological changes. Paper II only describe 6 
months of follow up. In paper III we evaluate the patient for 24 months. In paper IV 
assessment on long term follow up was done on all the LN patients from our cohort 
treated with RTX+CYC (total of 25 patients). The patients were followed until a renal 
flare occurred, re-treatment with RTX was given for a non-renal lupus manifestation, or 
until close of the dataset in February, 2009. The mean follow-up time was 35 months 
(range 12-95) with 13/25 reaching a follow-up of 36 months.  
In this paper we wanted to evaluate the outcome after one course of RTX+CYC during 
a longer period of time, assess possible flares and try to shed light on possible 
predictors of response.  
 
 
6.1.2.1 Paper II 

The patients with PLN all had improved in clinical signs at 6 months and 
approximately half of them had achieved CR. At baseline all patients had active urinary 
sediment with occurrence of cellular casts in 3/6. At 6 months none had cellular casts 
and hematuria was absent or reduced in all patients. A significant reduction in 
proteinuria and stable or improved GFR values (for all but one patient) were shown.  
 
6.1.2.2 Paper III 

A significant reduction was found in the mean SLEDAI score 6 months after treatment. 
All patients had a renal BILAG A at baseline and in the RTX+CYC group three 
evolved to a renal BILAG B, two to a C while one was considered a non-responder 
with BILAG A at 6 months. However, after 24 months no patient had a renal BILAG 
A, two had a B, three a C and one patient a BILAG D. 
 
6.1.2.3 Paper IV 

In this paper we applied the newly published Lupus nephritis European consensus 
statement for evaluating response. When we compared the response outcome by these 
criteria to the BILAG outcome we found a 100% correlation between the CR and PR 
and having a BILAG D or C respectively.  
At study end one patient was considered a non-responder (BILAG A) and additionally 
two patient poor-responders (BILAG B). Twenty-two out of 25 patients achieved a PR 
(BILAG C) at some time point, after a median of 12 months (6-36). Sixteen patients 
achieved a CR (BILAG D) after a median of 24 months (6-36). 
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Six renal flares occurred after a mean time of 29 months. Three patients flared early, 
within the first year. Only one of them reached a CR/PR before the flare while the other 
two were considered poor-responders before getting worse. Additionally three patients 
flared later, one after 17 months and two patients after 60 and 64 months respectively.  
All the late flares had a membranous nephritis (WHO V) at renal biopsy while the three 
early flares all had proliferative nephritis. One patient was considered a non-responder. 
 
To assess CR or remission it is important to follow patients for a longer period of time 
[82, 83, 101]. Proteinuria is the best predictor of response and baseline levels of 
proteinuria are not achieved quickly [170].  An early response to therapy was shown to 
be the best prognostic factor for good long term renal outcome. Therefore, it is 
important during the induction phase of the treatment to achieve control of proteinuria 
as well as serum creatinine [82]. 
 
It is important to bear in mind that GC treatment has a considerable role in attaining the 
6 months responses as have been shown by the NIH trials when comparing GC alone 
and GC+immunosuppressants for induction treatment. In these trials the results do not 
seem do diverge in the two treatment arms until after 1-3 years. Accordingly, the power 
of early effective treatment with GC should not be underestimated when pursuing an 
early response. 

Non-responders / Poor 

responders 

BILAG A or B 

3 patients  

Clinical Response 

BILAG C or D 

22 patients 

PR 

6 patients 

CR 

16 patients 

Flare 

3 patients 

1 early (10 months) 

2 late (60 vs 64 months 

 

BILAG D         A 

Non-Responder/Flare 

1 patient  

 (9 months)  

Persistent  

BILAG A 

Flare 

1 patient 

(17 months) 

 

BILAG C         A 

Flare 

2 patients 

 (11/12 months) 

 

BILAG B        A 

 

Total 

25 patients with LN 
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Once remission is achieved, flare is the strongest predictor of progression to ESRD. 
Accordingly, once proteinuria and serum creatinine are controlled with short term 
management, the aim shifts to preventing flares.  
Our study was not designed to address the role of maintenance therapy. If, when and 
how to apply maintenance treatment after RTX therapy remain unclear. 
 
 
6.2 LABORATORY ASSESSMENTS 

For patients with LN significant improvements were seen in parameters important for 
evaluating renal response, i.e. serum albumin and 24 hour proteinuria. Improvements of 
urinary sediment were also found in most patients with active sediment at baseline. 
Kidney function measured by estimated GFR (or GFR by iohexol) was kept stable as 
well as serum creatinine values during the initial 6 months. 
When assessing proteinuria the most prominent reduction was seen during the first 6 
months. Interestingly, a further significant reduction was seen between the first and 
second year after treatment.  
This indicates that the immunological and histological changes observed in the kidney 
tissue may provide a prerequisite for long-term clinical improvements. The resorption 
of subepithelial immune deposits in MLN observed by us as well as in IMN treated 
with RTX [171] may further support this hypothesis. 
 
6.3 SEROLOGICAL OUTCOME 

Total levels of serum IgG and IgA were kept stable while IgM decreased significantly 
although keeping values within the normal range in most patients. However, it has 
been shown that repeated treatments with rituximab can lead to development of 
hypogammaglobulinaemia in patients with rheumatoid arthritis [149].  
 
A significant reduction in the levels of IgG anti-dsDNA was seen in all subjects having 
elevated values at baseline. The reduction in IgG anti-dsDNA was found irrespective of 
the clinical response which has also been described by others [136, 137, 162].  
 
In the subgroup of patients with heterogeneous disease manifestations we also analyzed 
IgA anti-DNA and IgM anti-DNA. A reduction was seen for these isotypes, especially 
for IgA anti-DNA, although not significant. As described for rheumatoid factor (RF) in 
RA patients treated with RTX [172], IgG and IgA anti-dsDNA diminished more than 
their related Ig classes while IgM anti-dsDNA declined in proportion to global IgM.  
IgG and IgA anti-dsDNA are considered to be pathogenic, at least IgG anti-dsDNA in 
the context of LN [173], and their levels are known to correlate with disease activity 
[174] although this has not been proven for IgM anti-dsDNA. Our findings further 
support that IgM anti-dsDNA probably are not pathogenic. 
 
Studies from our center and others have found that ENAs like, anti-SSA (Ro), anti-SSB 
(La), anti-RNP and anti-Sm are not affected by RTX treatment [162, 175]. It is thus 
possible that different B-cell clones may have a different response to B-cell depletion, 
with dsDNA-producing clones being more susceptible to depletion. It has been 
speculated that non-affected autoantibodies most likely are derived from mature (thus 
CD20 negative) plasma cells that also are believed to be long lived. On the contrary 
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pathogenic autoantibodies are believed to be generated from CD20 expressing short 
lived plasmablasts that could be renewed from the B cell pool. These observations 
further support the hypothesis that the short lived plasmablasts could be affected by 
RTX treatment while the long lived plasma cells would not [60].  
Likewise a significant increase was seen in complements components C3, C4 and C1q 
with normalization in most subjects. Titers of anti-C1q levels reduced in 5 out of 7 
patients with positive values at baseline.  
 
 
6.4 HISTOLOGICAL OUTCOME 

 
Patients with LN may still have histopathological active disease after 
immunosuppressive treatment, despite apparent clinical improvement [112].  Therefore, 
it is important to verify suppression of the disease in the target tissue. 
 
For both patients with proliferative and membranous LN a reduction in activity index 
was seen at repeat biopsy approximately 6-9 months after treatment compared to the 
baseline kidney biopsy. Chronicity index was found to be unchanged. The findings of 
unchanged CI is important since an increased CI (especially if ≥5) at repeat biopsy is a 
know risk factor for poorer renal and patient outcome [85, 176-178].  
Interestingly an increase was seen in CI between baseline and repeat biopsy in patients 
treated with IV CYC according to the NIH regimen (described in paper II). 
In the group of proliferative patients a transformation of WHO class to a more benign 
histological picture was seen. 
For the patients with membranous disease a marked resorption and reduction in 
electron dense deposits was seen. These findings are encouraging since they may 
predict beneficial long term outcome. Likewise, it has been shown that the amount of 
subepithelial deposits can predict renal outcome 12 months after treatment [179]. 
 
At time of B cell depletion in the circulation, B cells were also found to be absent from 
the kidney tissue. Earlier it was debated to what extent B cells were depleted from 
secondary lymphoid tissue or target organ. More recent studies have however shown an 
effective depletion both in BM, spleen, tonsils and synovium in patients treated with 
RTX [120, 121, 123, 180, 181]. In RA patients treated with RTX depletion of B cells 
and especially B cell–derived plasma cells in the synovium was found to correlate with 
the clinical response [181]. The appearance of T cells was partly also found to be 
affected by B cell depletion. It thus seems as RTX may deplete B cells not only from 
the circulation but also from primary and secondary lymphoid tissue as well as from the 
target tissue in susceptible patients. These results further strengthen the evidence that 
depletion from the target tissue is important if to gain response [181]. The findings are 
also consistent with the original hypothesis that rituximab treatment may break a self-
perpetuating course of proliferation of self-reactive pathogenic B cell clones [182, 183]. 
 
In a study by Sfikakis et al, where patients with proliferative LN were treated with RTX 
in monotherapy, a reduction was seen in T cell subsets as well as T helper cell 
activation in the renal tissue. These findings demonstrate that B cell depletion with 
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RTX may have an effect beyond primary eliminating B cells and thus may have 
secondary effects on other regulatory mediators of an inflammatory response. 
 
 
 
6.5 PREDICTORS OF RESPONSE 

 
6.5.1 Paper I and IV 
6.5.1.1 Baseline values of CD19+ and time to repopulation 

In the group of patients with heterogeneous disease manifestations the absolute number 
of CD19+ cells at baseline was found to be predictive of outcome, i.e. those with low 
numbers at baseline were more likely to achieve a good clinical response at 6 months of 
follow up. Likewise, in the subgroup of patients with LN we found a trend toward a 
shorter time to improved clinical outcome in those patients with lower numbers of 
CD19+ cells at baseline, although not statistically significant.  
Higher numbers of CD19+ cells at baseline were also found predictive of shorter 
depletion time in the heterogeneous cohort and the patients with short depletion time 
were found less likely to achieve a good clinical response (complete response after 6 
months). In the LN cohort longer depletion time was correlated to higher likelihood of 
achieving a CR within the first year. 
 
These findings might reflect the fact that patients with lower absolute B cell number at 
baseline (lower total B-cell load) have a more profound B cell depletion which 
hopefully also to a larger extent depletes B cells and plasmacytes from secondary 
lymphoid organs and target tissue. A longer and more profound B cell depletion might 
give the immune system longer time to try to remodulate and at the same time the 
patient better prerequisite to recover. In the work by Anolik et al a prolonged delay of 
the recovery of memory B cells was seen after RTX treatment and the recovery in 
blood was found to lag behind a slow recovery in a secondary lymphoid organ (tonsils) 
in a subgroup of patients with prolonged clinical response [121]. 
 
6.5.1.2 Serological changes 

Patients with low levels of IgM at baseline had a shorter time to achieve a good clinical 
response (CR) and a trend was seen toward an association of low levels of all classes of 
Ig and the likelihood of achieving a good clinical response. In parallel with the 
discussion above lower IgM levels may reflect a lower load of B cells and at the same 
time fewer autoreactive B cells and a better potential for effective depletion with the 
treatment. 
Low baseline levels of serum albumin and C4 were associated with a slower response. 
Complement factor C4 has earlier been connected to response. Illei et al found that low 
levels of C4 at time of response were predictive of renal flare [67]. 
  
6.5.1.3 Histological changes 

Higher activity index in the repeat biopsy was predicted by higher baseline values of 
anti-dsDNA and C1q and lower levels of serum albumin. 
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6.6 ADVERSE EVENTS 

 
6.6.1 Infusion reactions 

Infusion-related reactions are known to be the most common adverse event, usually 
mild to moderate and resolve quickly. Approximately 90% of infusion-related reactions 
are associated with the first infusion and prophylactic treatment with corticosteroids has 
been reported to reduce the incidence and severity of infusion-related reactions [145]. 
In our patient cohort, in line with previous reports, some infusion reactions occurred, 
mostly mild.  
 
 
6.6.2 Infections 

Some infections were also noted, mostly milder forms of upper airway and urinary tract 
infections. Reactivation of Herpes Zoster was noted in 2 cases.  
One patient developed 5 months after treatment a necrotizing faciitis and septicemia 
that demanded several weeks of hospitalization with concomitant intensive care, 
surgical interference and treatment with antibiotics. This patient was B cell depleted at 
the time and had as well extremely low levels of CD4+ cells and low levels of IgG4 
although total IgG levels were kept within the normal range.  
 
 
6.6.3 Neutropenia 

Neutropenia was noted in three patients. One was defined as late onset neutropenia 
(LON) evolving 3 months after treatment. In the two remaining cases the neutropenia 
was verified approximately one week after the first and last combined RTX and CYC 
infusion respectively. In one of these cases the neutropenia was associated with fever 
but no infectious agent was found.  
In the remaining two cases, the neutropenia recovered after treatment with granulocyte-
colony stimulating factor. 
The two cases occurring in relation to the last RTX+CYC infusions could also be 
associated to the CYC treatment. 
  
In the hematologic literature LON is defined as an absolute neutrophil count of <1.5 x 
109/l, that may follow 4 weeks or more after rituximab therapy. LON has been reported 
at the incidence of 5.6–27.3% although the post marketing rate have been reported to be 
very low (<0.02% in a total of 300 000 patients) [184, 185]. In a recent study on RTX 
treatment for lymphoma LON was reported in 7% (8/113) and maturation arrest at the 
(pro) myelocyte stage was observed in the BM from 4 out of the 8 affected patients. 
Predisposing features and pathogenic mechanisms of LON are still poorly defined.  It 
has been speculated whether LON after treatment with RTX could be a result of a 
disturbed balance between granulopoiesis and lymphopoiesis in the BM and/or a B-cell 
depletion-induced variations of growth and retention factors, including stromal- derived 
factor-1 (SDF-1) and B-cell-activating factor (BAFF) [184]. SDF-1 is known to be 
involved in both B-cell lymphopoiesis and granulopoiesis, and it is possible that 
perturbations of SDF-1 in the BM microenvironment may contribute to a lack of egress 



 

42 

of neutrophils [186]. In another study the lack of granulopoiesis in the BM was found 
to coincide with high levels of BAFF [187]. 
Another explanation in line with this is a possible hematopoietic lineage competition 
due to an excessive B-cell recovery in the BM that promotes B-cell lymphopoiesis over 
granulopoiesis. With this in mind some have concluded that LON may be related to B 
cell recovery [152].  
 
 
6.6.4 Prolonged B cell depletion 

Reports from the lymphoma literature have also described prolonged B cell depletion 
but in most cases after repeated courses of RTX where RTX have rather been used as 
maintenance therapy during the follow-up period [146]. Reduced levels of IgM have 
been reported with repeated courses of RTX but no increase in the levels of infections 
has been observed. With discontinuation of RTX a return of B cells and recovering of 
IgM levels are seen. Apart from our own study (paper IV) no reports on prolonged B 
cell depletion after a single course of RTX in autoimmune disease have been published. 
In these two cases normal Ig levels were found despite several years of B cell depletion. 
BAFF levels were measured serially up to 6 months in one of the patients and found to 
be raised after therapy. Several years before RTX treatment that same patients 
underwent splenectomy due to resistant thrombocytopenia. Splenic marginal zone B 
cells appear to be related to peripheral blood IgM+, CD27+ B cells (non-switched 
memory B cells) which represent approximately one third of circulating B cells in 
normal adults and are known to be absent in patients who have undergone splenectomy 
[152]. Treatment with RTX is associated with depletion of both switched and non-
switched memory B cells and depletion of IgM+, CD27+ B cells appear to be 
especially prolonged [121]. Thus the splenectomy in combination with RTX treatment 
might to some extent explain the prolonged B cell depletion in this patient. 
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7 CONCLUDING REMARKS AND FUTURE 
PERSPECTIVES 

 
The disappointing results from the two industrial sponsored RCT on RTX as add on 
treatment to standard of care in;  

1) mild to moderate SLE without nephritis or neurological manifestations 
(EXPLORER) and  

2) the study on proliferative LN (LUNAR)  
 
brings many questions about RTX treatment and study design into consideration. 

 
• Is it really not working? 
• Is something wrong with the study design 

o Wrong patient population 
 Disease manifestations 
 Severity of disease 
 Treatment protocol 

• Concomitant immunosuppressive treatment 
• GC dosages 

 
In our clinic we now have eight years of experience of using RTX in combination with 
low dose IV CYC in patients with severe and resistant SLE. We have currently treated 
over 40 patients and the majority has achieved an acceptable clinical response with 
disease control over longer or shorter periods of time. However, non-responders, 
mainly patients with extremely complicated and non-typical disease with various 
immunological changes have been seen. 
 
Nine patients are successfully retreated following a flare and most of them have had a 
more rapid and pronounced response after the second course of RTX. 
 
We have most faith in the treatment of the patients with LN were we have with 
rigorous follow up selected data on clinical as well as histological response. In this 
group of resistant patients we have demonstrated very good clinical results. It is 
important to notice that at the Karolinska University Hospital we have good experience 
in managing patients with SLE and LN. The patients are closely followed and we aim 
at a minimal time lag for performance of renal biopsy and initiation of treatment. This 
and a close monitoring during follow-up may in some setting explain the good results.  
We have experienced the treatment to be relatively safe and adverse events reported at 
the same incidences as by others. However, the number of patients treated today is far 
too small to draw any definitive conclusions on adverse events. Of course there must be 
vigilance for drop in total Ig and infections as well as the total immunocompetency of 
the patients during long term follow up.  
 
Little is still known about repeated courses of RTX treatment in SLE although re-
treatment is commonly practiced among hematological patients. The effect of the 
treatment in these two different disease populations is difficult. Hematologic patients 
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have totally different prerequisite for the immunological response though often heavily 
immunocompromized due to malignant disease and aggressive chemotherapy.  
In RA re-treatment RTX appears to be relatively safe although a drop in both IgM and 
IgG are seen after repeated courses. A trend toward increased frequency of serious 
adverse events with low IgG values have been noted (van Vollenhoven et al, in press).  
 
Despite the disappointing results from RCT I believe with the support of our experience 
and data that RTX+CYC can be a treatment alternative for patients with severe and 
resistant SLE. I have especially hope for the treatment in LN where our short and long 
term data have supported good clinical and histological outcome in these previously 
therapy resistant patients. However in light of the lacking support of RCT and the small 
and heterogeneous nature of the available open labeled trials I would presently not 
recommend this treatment to therapy naïve patients nor patients with milder disease 
forms. 
Vigilance for long term effects on the immune system and immunocompetency of 
patients is mandatory. All patients should prior to RTX treatment achieve vaccination 
with pneumococcal vaccine and in exceptional cases even against H. influenza as well 
as influenza vaccine if in season [152, 188]. It is recommended that patients at high risk 
for hepatitis B infection should be screened before treatment [152]. In the future more 
studies are needed on the immunological effects of RTX especially regarding the 
changes in different cell types and cytokines. Weight should be put on functional test to 
better understand the possible mechanisms underlying effect and risk of adverse events. 
 
In the future we might see studies on combination treatment with RTX. A combination 
with treatments that would block survival niches for B cells such as anti-BLyS could be 
feasible. The aim would be to get more profound and long lasting B cell depletion and 
thus a better prerequisite for resetting the immunological balance. 
 
 
Rituximab can be effective in a subgroup of patients with severe resistant SLE. The 
concomitant medication with cyclophosphamide and glucocorticoids is thought to play 
an important role with possible synergistic effects. 
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