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ARTICLE INFO ABSTRACT

Keywords: In recent years, the research on the pathogenesis of systemic lupus erythematosus (SLE) has been deepened, from

SLE the level of histopathology to the cellular and molecular biology, thus promoting the progress of SLE drug

Monoclonal antibody therapeutics. In March 2011, the United States Food and Drug Administration (FDA) approved the humanized

IL-2 . monoclonal antibody, Belimumab for the treatment of SLE and put an end to the dilemma of no new drug

Lupus nephritis available to SLE for more than half a century. On the other hand, the continuous evidence-based medical in-
formation has enabled rheumatologists to have a more comprehensive and depth understanding of the appli-
cation of SLE traditional therapies, further improve the treatment strategy of SLE and put forward higher re-
quirements for treatment goals. At the same time, advances in therapies have significantly improved survival
rate of the patients, and the importance of long-term complications such as early-onset atherosclerosis and
cardiovascular events has become increasingly apparent as a new challenge. In view of the hot issues of SLE
clinical treatment, this paper introduces the research progress in recent years.

1. Introduction

Systemic lupus erythematosus (SLE), also known as lupus, is an
autoimmune disease in which the body's immune system mistakenly
attacks healthy tissue in many parts of the body [1]. The disease has
highly variable course with vague and unpredictable symptoms that can
vary from person to person. The main symptoms are skin rashes, sun
sensitivity and joint aches. Most people with lupus will never experi-
ence all the symptoms and no two individuals seem to experience
identical symptoms. Hence, the management is complex and treatment
involves preventing flares and reducing their severity and duration
when they occur. While treating lupus, clinicians aim to reduce in-
flammation in tissues and improve quality of life. Survival of patients
has dramatically improved over the last 50 years, possibly owing to
earlier diagnosis and more appropriate treatment schemes [2]. How-
ever, SLE patients still display a 4.6-fold higher standardized mortality
rate compared with general population [3]. In recent years, the use of
several therapeutic agents in the management of SLE has increased and
plenty of clinical trials have highlighted both the potential and the
pitfalls in the development of such agents. In view of these clinical trials
and hot issues of SLE clinical treatment, this paper introduces the
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research progress in recent years.
2. Classic therapy

SLE is a kind of highly heterogeneous disease [4,5]. The perfor-
mance of each patient is different. The light is only the lesion of the skin
joints. In severe cases, there will be blood system damage, visceral
damage, and even the central nervous system, and neuropsychiatric
lupus [6-8]. Throughout the history of SLE treatment, human beings
appear very small in front of unknown diseases, and the 5-year survival
rate is only 30% in 1930s. Since 1950s, glucocorticoids have been
gradually applied to the treatment of lupus, and the 5-year survival rate
has increased to 50% [9]. With the increase of experience in hormone
use and the guidance of evidence-based medicine, we now emphasize
the individualization of hormone therapy and the selection of different
doses of hormones according to the different activity levels of patients
[10-12].

Glucocorticoids (here in after referred to as “hormones”) are still the
first-line treatment options for SLE. Due to their extensive anti-in-
flammatory and immunosuppressive effects, glucocorticoids play an
irreplaceable role in the treatment of SLE involving vital organs and

** Correspondence to: Q. Lu, Department of Dermatology, The Second Xiangya Hospital of Central South University, 139 Middle Renmin Road, Changsha, Hunan

410011, China.

E-mail addresses: chengbo630415@126.com (B. Cheng), gianlu5860@csu.edu.cn (Q. Lu).

! These authors have contributed equally to this work.

https://doi.org/10.1016/j.intimp.2019.03.010

Received 18 August 2018; Received in revised form 4 March 2019; Accepted 5 March 2019

Available online 16 April 2019
1567-5769/ © 2019 Published by Elsevier B.V.


http://www.sciencedirect.com/science/journal/15675769
https://www.elsevier.com/locate/intimp
https://doi.org/10.1016/j.intimp.2019.03.010
https://doi.org/10.1016/j.intimp.2019.03.010
mailto:chengbo630415@126.com
mailto:qianlu5860@csu.edu.cn
https://doi.org/10.1016/j.intimp.2019.03.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.intimp.2019.03.010&domain=pdf

A. Mohamed, et al.

International Immunopharmacology 72 (2019) 218-223

Clinical manifestation of different degrees of SLE and its Individualized

glucocorticoid therapy strategy

Clinical manifestations

Joint and skin problems, tiredness;
platelets 50-149 x 10°/L

Topical preferred or oral ‘
prednisolone <20 mg daily for
1-2 weeks i

mg

Inflammation of other parts of the skin
and body, including your lungs, heart |
and kidneys; platelets 25-49 x 10°/L

Prednisolone?<0.5mg/kg/day or i.v.
methyl- prednisolone <250 mg x 1-3
or i.m. methyl-prednisolone 80-120

Inflammation causing severe damage to
the heart, lungs, brain or kidneys can be
life threatening; platelets <25 x 10%/L

Severe SLE

SLEDAI: =15

Moderate SLE
SLEDAI:10-14

Prednisolone?<0.5mg/kg/day and/or
i.v. methyl-prednisolone 500 mg x
1-3 or prednisolone <0.75-1
mg/kg/day

Glucocorticoid therapy strategy Glucocorticoid therapy strategy

Fig. 1. Clinical manifestation of different degrees of SLE and its Individualized glucocorticoid therapy strategy Abbreviation: Lv. = intravenous injection;
L.m. = intramuscular injection; IA = intraarterial injection; * = the lowest effective dose of prednisolone or other CSs should be used at all times.

acute diseases. However, the dose required is high enough to have
adverse effects. Moreover, the disease has relapse and remission course,
which requires the patient to remain on maintenance therapy for long
duration. But the maintenance dose and course of treatment differs
from doctor to doctor. This may be the reason why steroids have not yet
reached a standard protocol for SLE treatment. Clinical manifestation of
different degrees of SLE and its Individualized glucocorticoid therapy
strategy is summarized in Fig. 1 [13].

The choice of immunosuppressive agents should be based on
available evidence-based medicine and depending on the activity of SLE
and the involved organs. For example, cyclophosphamide (CPA) and
mycophenolate mofetil (MMF) are useful for lupus nephritis and other
severe lupus, methotrexate and azathioprine (AZA) for moderately ac-
tive SLE and arthritis, hydroxychloroquine for mild lupus, lupus skin
lesions and anti-phospholipid syndrome patients. In addition, more and
more new immunosuppressive agents are gradually being introduced
for SLE treatment such as leflunomide, cyclosporine and tacrolimus,
which provide more options for treatment. We should also consider the
patient's tolerance and the side effects of each immunosuppressant
when choose immunosuppressive agents, such as the inhibitory effect of
CPX on ovarian function (especially for children and adolescent
women). Many studies show that the combination of
munosuppressive agents and steroids can reduce steroid dosage. A long-
term prospective observational study show that [14], a total of 40 pa-
tients with lupus nephritis (LN) are induced at maintenance doses of
hormone therapy and is divided into =20mg/d and < 20mg/d, 2
groups are given CPA 500-1500 mg/m? per month infusion therapy. A
result at 24 months, the overall complete remission rate is 62.5%. After
a mean follow-up of 10.4 years, there is no significant difference in the
risk of relapsed between the two groups. In another study, 18 patients
with SLE (types III, IV, and type IV LN) are infused intravenously with
rituximab and methylprednisolone twice during the induction period,
only to MMF as maintenance treatment without corticosteroids. The
results show that 1 year after the complete remission rate of 78%, and
hormones with CPA or MMF regimen were similar [15]. These studies
show that the full application of immunosuppressive agents and even
bio-targeted drugs help to reduce or even stop the use of hormones

im-
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while keeping the stability of the disease.

3. Advanced therapy
3.1. Monoclonal antibody

With the development of the research on the pathogenesis of SLE,
researchers have tried to intervene in the occurrence and development
of SLE from different molecular pathways for therapeutic purposes. The
promotion of the concept of transformation medicine makes new bio-
logical targeting drugs to emerge. This field will be the hotspot and
breakthrough hope of SLE treatment. There are various mechanisms of
biological agents in clinical trials, including > 20 kinds of B cells, T
cells, interferon I, Toll like receptors, and inflammatory/chemokines
[16]. Due to the over-activation of B cells and the massive production of
autoantibodies, which are prominent features of SLE, biological therapy
targeting B cells has naturally become a researcher's focus. As men-
tioned above, rituximab, a human and mouse chimeric anti-CD20
monoclonal antibody, has been widely tried and has high hopes of the
drug, many literature reports of rituximab in the treatment of refractory
SLE such as the central nervous system, kidney and blood system in-
volvement and vasculitis effectively. In a systematic review of relevant
studies from 2002 to 2007, 171 (91%) of 188 patients with severe or
refractory SLE treated with rituximab achieve a significant benefit in at
least one of the clinical manifestations, 91% of LN patients have a re-
sponse to treatment, patients with anti-dsDNA antibody titer decreases
significantly. 32% of patients have adverse reactions, the most common
side effect is opportunistic infections (26%) [17]. However, a large,
controlled clinical study (LUNAR study) is followed by negative results.
After reflection, the researchers believe that the research design is too
strict for the baseline patients and the end point is not likely to produce
the expected results. Which may have led to no expected results. In this
study, a considerable proportion of SLE patients benefit from the
treatment of rituximab which also prompts researchers to continue to
search for new anti B cell targets. Belimumab is another biological
agent targeting B cells and its mechanism is binding to B lymphocyte
stimulating factor and inhibiting B cell growth and differentiation.
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Drawing lessons from previous LUNAR design studies, two controlled
clinical trials of Belimumab (BLISS-52 and BLISS-76), which strictly
define the baseline dose of steroids and use a combination of clinical
endpoints, give encouraging positive results: Belimumab improves the
clinical symptoms, serological and renal function parameters of active
SLE and prevents SLE recurrence with good tolerability [18,19]. The
drug is approved for sale in the United States in 2011. However, the
efficacy of bevacizumab is modest and not organ-specific. In the future,
a randomized controlled clinical study of the SLE specific system (such
as LN) is needed to further clarify the benefit in a population. Abata-
cept, another costimulatory pathway inhibitor, is a fusion protein of the
Fc fragment of human IgG1 and CTLA4 on T cells, which can inhibit T
cell activation. Abatacept has been used in rheumatoid arthritis, long-
term follow-up show that its efficacy is significantly higher than pla-
cebo. T cell activation is a key link in the pathogenesis of glomer-
ulonephritis. Studies on the mouse model of lupus show that the drug
can reduce urinary protein and prolong survival. Epratuzumab, another
promising drug targeted for the treatment of SLE, is a fully humanized
monoclonal antibody that binds to CD22 molecules on the surface of B
cells and inhibits circulating B-cell activation signaling pathways. Two
clinical studies have shown that Epratuzumab has a therapeutic effect
on SLE, which can improve BILAG score and the quality of life of pa-
tients and contribute to reduce the use of steroids.

3.2. Anti-interferon (IFN)-alpha monoclonal antibody

In recent years, the pivotal role of the IF interferon (IFNa) pathway
in the pathogenesis of SLE has gradually been revealed. [Fa levels are
elevated in serum from patients with SLE, while high levels of IFNa
promote the maturation of myeloid dendritic cells and present their
own antigens to further activate T cells. IFNa also decreases the activity
of regulatory T cells to induce an autoimmune response. In addition,
enhancing the role of the Toll-like receptor 7/9 signaling pathway in
dendritic cells can produce more IFNa. Currently, biological agents
targeting the IFNa pathway include three types: (1) monoclonal anti-
bodies to IFNa such as Sifalimumab, Rontalizumab, and AGS-009; (2)
vaccines that induce the production of anti-IFNa antibodies such as
IFNa-Kinoid; (3) Toll-like receptor inhibitors such as IMO-3100 and
DVI1179.

Among those monoclonal antibodies which targeting interferon I
and its receptors, the most anticipated is AstraZeneca lupus drug-
Anifrolumab, and this is a monoclonal antibody targeting type I inter-
feron receptor and has been developed for the treatment of moderate to
severe systemic lupus erythematosus. In 2015, Anifrolumab reach the
primary and secondary goals of its Phase II clinical study, significantly
reducing lupus disease activity at multiple endpoints compared with
placebo [20]. However, this experimental drug fails to meet its main
goal in a late-stage clinical study. There is no statistically significant
reduction in SLE disease activity (assessed by the SLE Responder Index
4, SLE4) after 12-month treatment of Anifrolumab compared with the
placebo group [21].

There are some unclear questions about the treatment of the IFNa
pathway. One of the evaluation indicators for monitoring the activity of
IFNa activity is ELISA method. However, the determination of IFNa
concentration repeatability is poor, and IFNa function test results are
not satisfactory. The recent discovery of type I interferon signature
(Type I interferon signature) is the determination of IFN Specific in-
duction of gene expression products, studies have shown that its level
and SLE disease activity is closely related to the hope that anti-IFN
targeted therapy can be a reliable indicator. Another problem is the
concern about the increased risk of infection and tumor after suppres-
sion of IFNa, which requires further study [22]. Fig. 2 will show al-
gorithm for therapeutic of SLE.
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3.3. Low-dose IL-2

There is an immune imbalance in patients with systemic lupus er-
ythematosus, mainly manifested by immune imbalance between ef-
fector and regulatory CD4+ T cells [23,24]. The researchers have
found that low doses of IL-2 can regulate CD4 + T cell subsets and treat
systemic lupus erythematosus. Patients with refractory or relapsed
systemic lupus erythematosus activity (SLEDAI) > 8 are treated with
low-dose IL-2, the clinical symptoms and test indexes improves a lot
and systemic lupus erythematosus response index is up to 89.5% in
12 weeks. The researchers reveal that the mechanism of low-dose IL-2
endogenously inhibits the overactive immune response in patients with
systemic lupus erythematosus and reduces the attack of autoantibodies
on organ tissues [25]. Scientists from Shanxi Medical University of
China use low-dose IL-2 for 127 of 225 SLE patients, 50 WIU per day for
5days. After treatment, clinical and immunological assessments are
conducted again. The results show that low-dose IL-2 selectively reg-
ulate Tregs abundance and induce immune tolerance to improve clin-
ical symptoms [26]. The treatment of refractory systemic lupus er-
ythematosus relies on the combination of high dose glucocorticoids and
immunosuppressive agents, but most of the patients are ineffective and
have serious side effects [26,27]. Researchers in the Department of
Rheumatology, the Second Hospital of Shanxi Medical University find
that refractory SLE is associated with a decrease in the number of Treg,
independent of the number of Th17. Treatment with low doses of IL-2
in combination with rapamycin reduces the dose of glucocorticoids and
DMARDs [28,29]. Therefore, the true meaning of this treatment lies in
the down-regulation of the overactive immune system through multiple
immune mechanisms. This major discovery will bring a new concept to
the diagnosis and treatment of clinical immune diseases and has a
milestone significance.

4. Treatment strategies for mild lupus erythematosus

Mild lupus accounts for a large proportion of SLE, and it may be
transformed into severe disease, and its treatment should not be ig-
nored. In recent years, the importance of antimalarial drugs, such as
hydroxychloroquine, is becoming more and more important. Numbers
of lupus cohort observations show that hydroxychloroquine has a un-
ique role in preventing renal involvement, and improving LN remission
rate, lowering blood lipid, preventing thrombosis, reducing SLE recur-
rence rate and mortality, and can also be used for SLE in pregnancy.
Hydroxychloroquine has many advantages. Therefore, it is called “SLE's
background therapy” and that all SLE patients should be treated with
hydroxychloroquine without taboos. The problem is that even in phase
III clinical studies for the treatment of lupus drugs, the use of hydro-
xychloroquine is only 70%. Due to the long-term use of hydroxy-
chloroquine as a medication for the maintenance of the disease, the
compliance of the patients is particularly important. A French study
measure 143 patients taking hydroxychloroquine 400 mg/d for more
than a half year and the plasma concentration, find that if
the < 200 ug/L, which means that patients have not taken medication
[30]. Further show that 96% of patients with hydroxychloroquine
serum concentration > 1000 ug/L had no relapse. Dehydroepian-
drosterone (DHEA) may have a role in the treatment of mild lupus, and
two double-blind placebo-controlled studies have shown to improve the
condition, contribute to steroids reductions and increase bone mineral
density [31,32]. DHEA can be metabolized into estrogen, and there are
concerns about the safety of the application in postmenopausal women.
Non-steroidal anti-inflammatory drugs (NSAIDs) commonly are used in
the treatment of mild lupus fever, arthritis and other symptoms. Con-
sidering the adverse effects on the kidneys, attention should be paid to
COX. 2 inhibitors of cardiovascular side effects, long-term, high-dose
NSAIDs should be avoided. Serological activities and clinical stability
(SACQ) are one of the problems faced by doctors in the treatment of
mild lupus: patients have no clinical evidence of any long-term
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Fig. 2. The general arrangement for treatment of SLE.

evidence of visceral involvement, but serum complement has not been
able to recover normal and/or anti-dsDNA antibodies persistent posi-
tive. A ten-year follow-up study of 757 patients in the Hopkins Lupus
cohort finds that 33% of all patients have remission, and the risk of
relapse was still higher in patients with serum complement and anti-
dsDNA antibody-negative. But in the end such patients with abnorm-
alities of serological activity should be treated with stronger im-
munosuppressive therapy? How long should be treated? Intensive
steroid and immunosuppressive therapy in the end are to improve the
long-term prognosis of patients or increased Risk of Toxicity? It is still
unknown. A 10-year observation of one such group of SLE patients in
the Canadian lupus cohort find that only 3.6% of patients developed
kidney disease and the organ damage index (SDI) of patients with SACQ
was significantly lower than both clinical and serological indexes, the

researchers believe that for SACQ patients reasonable diagnosis and
treatment strategy is to increase the monitoring frequency rather than
directly increase the treatment intensity [33].

5. Progress in the treatment of lupus nephritis

In recent years, LN is the hot topic of evidence-based medicine.
Treating LN is the main target of SLE treatment. In 2012, both the
United States and Europe update the guidelines for the treatment of LN
and determine that the goal of LN is to achieve complete remission,
including a proteinuria/creatinine ratio of < 50 mg/mmol (protei-
nuria < 0.5g/24h) and normal renal function [34]. Partial renal re-
mission (with a > 50% reduction in proteinuria and normal or near
normal kidney function) is an acceptable outcome only if none of the
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treatments can achieve complete remission or the patient cannot tol-
erate the toxicity of the drug. The best therapeutic target in initial
treatment should be up to 6 months, no later than 12 months.

The United States and European guidelines further establish the
status of MMF as a first-line treatment for proliferative LN. During the
induction period, a number of clinical studies confirm that the efficacy
of MMF (2-3 g/D) is equivalent to CPA, and the risk of any adverse
reactions (such as infection) is lower. Therefore, the total cost of
treatment may be lower, and it is more suitable for patients with fer-
tility requirements [35]. In the maintenance phase, MMF (1-2 g/d) has
become the standard treatment as AZA. ALMS studies have shown that
MMF is more effective than AZA in maintenance dose and has no role in
induction therapy; any ethnicity or geography can well tolerate with
relatively few serious adverse events [36]. It should be noted that in
view of the adverse reactions occurring in the ALMS study, the re-
commended dose of MMF in the Asian population is relatively small
(2 g/d) while the recommended dose of ALMS for type III or IV LN with
a significant increase in crescentic glomerulonephritis or serum crea-
tinine is 3 g/d. In addition to the traditional high-dose regimen (0.5 to
1g/m?month), intravenous infusion, 6 times, followed by every
3months for a total of 2 treatment cycles for CPA in the induction
phase). In recent years, Europe has proposed a low-dose program
(2 weeks, 0.5g/intravenous infusion, a total of 6 times). Studies have
shown that low-dose regimens are comparable in efficacy to conven-
tional high-dose regimens and have a lower risk of serious infections
and gonadal suppression. The 10-year follow-up study showed a similar
incidence of both regimens and end-stage renal disease [37]. Most pa-
tients should be initially treated with CPA or MMF for 6 months unless
there is clear evidence of worsening (proteinuria or serum creatinine
=50%) at 3 months. For initial treatment with CPA (high dose or low
dose regimen), if treatment fails after 6 months, consider switching
immunosuppressants to MMF and vice versa.

In some patients with severe LN and refractory LN, the risk of de-
veloping end-stage renal disease is not significantly reduced. Most
randomized controlled trials do not include or even avoid such patients,
and the definition of these two types of LN in the literature is not clear
and uniform, so it is difficult to integrate data analysis. Hence, treat-
ment of severe LN and refractory LN remains a major challenge for
physicians. In 2012 United States and European guidelines for the
treatment of LN emphasize the importance of repeated renal biopsies.
The guidelines recommend repeating renal biopsy when im-
munosuppressants or biological do not reduce =50% of proteinuria,
when proteinuria persist for > 1year, when GFR deteriorates, and
when the disease relapses. Its purpose is to clarify histological changes
or progression, to provide prognostic information and to identify other
pathological changes, which may cause nephropathy, such as infections
and drug toxicity. One of the options for treatment is calcineurin in-
hibitor. The data show that the total remission rate was 22% after the
combination of cyclosporin or tacrolimus in patients with the combi-
nation of hormones and CPA [38,39]. It should be noted that these
drugs could act directly on the glomerular podocyte and rapidly reduce
urinary protein. Therefore, urinary protein quantification is not an ac-
curate indicator of the effect of abnormal immune system in LN patients
[40]. Another option is a biological agent, especially the rituximab,
which is a high-expected drug for the treatment of such LN. However,
there are many related studies and cases, and the overall results suggest
that rituximab may be potentially useful in the treatment of refractory
LN. However a randomized controlled trial of rituximab in the treat-
ment of LN has not reached the anticipated end point [18]. Different
studies show different definition of refractory LN and different use of
rituximab [41-43].

6. Prevention of cardiovascular complications in SLE

Cardiovascular complications have replaced LN and neuropsychia-
tric lupus as the main cause of death in SLE patients, with the
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improvement of SLE level and prolongation of patients' survival time.
Studies show that the risk of myocardial infarction in SLE is 50 times
that of the normal population. Cardiovascular risk factors do not fully
explain the rapid progression of atherosclerosis in lupus patients.
Vasculitis and chronic kidney disease are all risk factors for their oc-
currence. Therefore, preventing and reversing the atherosclerotic pro-
cess in SLE patients is important to improve the prognosis, especially in
children and adolescents. The European guidelines for the treatment of
SLE in 2008 emphasizes the importance of cardiovascular risk, but it is
not clear how to monitor and treat it. Researchers once have great
expectations for statins. However, the LAPS study is published in 2011
fails to confirm its efficacy. There was no significant difference in
coronary calcification score, carotid artery intima thickness or carotid
plaque score between atorvastatin treatment group and control group
[44]. Consensus of high-risk factors in clinical practice should be
strengthened in patients with lupus blood pressure, blood lipid and
blood glucose monitoring, a high degree of vigilance may indicate
cardiovascular events therefore symptoms should be evaluated as soon
as possible, the development of long-term application of hydroxy-
chloroquine may help to delay the development of atherosclerosis.

In patients with lupus nephritis, mycophenolate mofetil and in-
travenous pulses of cyclophosphamide have recently shown comparable
efficacy with regard to total non-renal disease activity [45,46].

7. Conclusion

SLE is characterized by various clinical manifestations, complicated
course of disease and many other disciplines involving such as the
kidney, blood, nerves etc. There are still many problems that are not
covered in the study, such as lupus complicated with pregnancy, op-
portunistic infections with lupus, and tumors. In addition, relatively
rare organ involvement is also attracting more and more attention such
as, lupus combined with pseudo intestinal obstruction, albumin en-
teropathy and pulmonary hypertension associated with lupus. Due to
the difficulty of conducting evidence-based medicine research, there is
still a lack of relevant treatment methods with high quality evidence-
based medicine. It is believed that with the accumulation of clinical
data in large cohorts and the translational medical research from the
pathogenesis to the development of therapeutic drugs, it is believed that
further understanding and treatment of SLE will be improved and the
prognosis of patients will be improved.
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