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A B S T R A C T

Refractory lupus nephritis indicates an inadequate response to lupus nephritis therapy. It implies persisting or
worsening disease activity despite therapy, but the definition is complicated by the parameters of response,
proteinuria and renal function, that do not discriminate clearly between activity and irreversible damage.
Understanding the causes of refractory disease and developing treatment strategies is important because these
patients are more likely to develop poor outcomes, especially end stage renal disease. This review explores
current concepts and definitions of refractory disease and summarises treatment approaches that have been used
in observational cohort studies and case series. We highlight the importance of optimising adherence to the
prescribed immunosuppressive and supportive measures and avoidance of diagnostic delay. Treatment options
include higher dose glucocorticoid, switching between cyclophosphamide and mycophenolate acid derivates, or
addition of rituximab, the latter potentially in combination with belimumab. Less evidence supports extra-
corporeal treatment (plasma exchange or immunoadsorption), calcineurin inhibitors (cyclosporine A or tacro-
limus), intravenous immunoglobulin and stem cell transplantation. Improvements in understanding what re-
fractory disease is and how definitions can be integrated into treatment pathways has the potential to enhance
lupus nephritis outcomes.

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic inflammatory dis-
ease, resulting from auto-immune dysfunction, and presenting with
immune complex-mediated lesions of blood vessels in diverse organs
[1]. Virtually any organ system can be affected; however, clinical
symptoms are usually related to cutaneous, renal, neurologic, and
haematologic presentations. Patients with both lupus and renal in-
volvement (nephritis) do not represent a clear subset with respect to
other manifestations, although Cervera et al. [2] showed that these
patients have less skin and joint involvement, when compared to pa-
tients without nephritis.

Lupus nephritis (LN) is the most frequent severe organ manifesta-
tion of SLE. The clinical presentation is dominated by the presence of
proteinuria (> 0.5 g per day) or a urinary protein/creatinine ratio
(UPCR) of> 0.5 (mg/mg) or urinary protein> 3+ by dipstick analysis
[3]. ACR lupus classification criteria also mandate presence of active

urine sediment of more than five red blood cells per high-power field.
However, “silent LN” can occur in the absence of either of those mar-
kers and renal biopsy is necessary to confirm renal involvement in these
subjects [4,5]. Presence of “silent LN” may be responsible for the pro-
tective effects of ACE-inhibitors to prevent onset of LN [6]. If untreated,
LN remains a major cause of ESRD and is associated with increased
mortality and morbidity in patients with SLE. With the use of im-
munosuppression, the aim is to preserve kidney function and improve
survival. This has been successful for most patients with LN. Un-
fortunately, a subset of LN patients fails to respond to im-
munosuppression remain refractory and are a management challenge
with a high risk of a poor outcome.

There is no consensus definition of “refractory” LN, but the term
implies an inadequate or no response to the remission-inducing treat-
ment. Because remission is defined by reduction of proteinuria and
stability or improvement in renal function it can be hard to discriminate
treatment refractoriness from irreversible damage where these
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outcomes are unachievable, and this dilemma permeates the literature.
Thus, those with late or advanced presentations may not have the po-
tential for remission by these criteria and are incorrectly judged to be
non-responsive and refractory. Ideally, a repeat renal biopsy is required
to determine whether or not activity persists.

Geographic, genetic and other epidemiological factors influence
treatment response and renal outcomes and there is still variance in
choice of initial treatments. It is becoming clear that the choice of a
specific treatment agent is less important than understanding the nature
of a treatment response, the safety of therapy and the need to identify
treatment failure and move to alternative agents.

This review aims to elaborate on the series of available definitions of
refractory lupus and to summarise the current knowledge obtained
from observational studies introducing biologics in its treatment.
Finally, it will hammer out potential applications of currently available
treatment options in the context of refractory LN.

2. Definitions used in the assessment of lupus nephritis

There is no clear definition for refractory LN. Many attempts have
been made to define refractory renal disease which are summarised in
Table 1.

However, in order to optimise management of LN, which aims to
offer long-term preservation of renal function and prevention of renal
flares, recommendations or guidelines have been published by a com-
bined task force of the European League Against Rheumatism (EULAR)
and European Renal Association-European Dialysis and Transplant
Association (ERA-EDTA) [5], as well as by the American College of
Rheumatology (ACR) [3] and the Kidney Disease International Guide-
line Organisation (KDIGO) [19]. The definitions for complete response,
partial response and sustained response are also part of the guidelines
discussed by the European expert consensus group, as part of the
management of LN [5,20]. The EULAR/ERA-EDTA guidelines define
refractory disease as failure to improve within 3–4months, not
achieving partial response after 6–12months, or complete response
after 2 years of treatment.

Complete response, which can take up to three years to achieve, is
characterised by an inactive urinary sediment, a decrease in proteinuria
to< 0.5 g/day and normal or stable (within 10% of normal GFR) renal
function [21]. For these patients, the new ACR recommendations sug-
gest continuation with the chosen induction regimen for another six
months before considering change in treatment [3]. Partial response is
a level of improvement, usually achieved after six to twelve months,
and is characterised by presence of inactive sediment,> 50% reduction
in proteinuria, normal (within 10% of normal GFR) renal function [22],
and reduction to non-nephrotic proteinuria (< 3–3.5 g/d) if patients
have been proteinuric before initiation of immunosuppression [23].
Defining response by proteinuria or by repeat renal biopsy may result in
discrepancy as a significant proportion of apparent “non-responders”
have inactive histology on follow-up biopsy [24,25].

A definition of refractory disease should embrace three dimensions:
(1) failure to achieve a target in parameters reflecting disease activity;
(2) drug exposure; and (3) period of observation.

The therapeutic approach for a patient who does not achieve re-
mission, and this is attributable to active disease, is a switch of induc-
tion treatment after six months, from CYC to MMF, or vice versa [5,26].
More recently, B cell-targeted therapy with rituximab has shown high
remission rates in patients with refractory LN, although a clinical trial
failed to show additional benefit of rituximab on top of MMF in the
treatment of immunosuppression-naïve LN patients [27]. Additional
therapeutic options are emerging, such as other biologics, plasma ex-
change (PLEX), immunoadsorption (IAS), calcineurin inhibitors or
eventually stem cell transplantation, discussed below.

3. Factors to consider in refractory lupus nephritis

Several factors can contribute to refractory disease. These include
adherence with medication, tolerability of therapy and adverse events,
a late presentation when irreversible disease may predominate, and
true lack of efficacy of the induction regimen.

Several studies have explored non-adherence to medication in pa-
tients with SLE. Ward et al. [28] studied patient participation in the
consultation and treatment efficacy in SLE and found less organ damage
in the long term as a result of the better doctor-patient interaction with
active patient participation. Petri et al. [29] examined the compliance
with treatment and percentage of protocol visits kept in a mixed race
cohort of 198 patients from which 115 were black and 83 white and
concluded that non-compliance was a significant factor in determining
renal morbidity (severe renal disease being defined as creatinine level
1.5mg/dl or greater, renal failure, or nephrotic syndrome). In addition,
black patients were twice as likely as white patients to have renal dis-
ease and were also more commonly classified as non-compliant (56%)
than white patients (34%), which further highlights the importance of a
patient-doctor interaction to improve adherence to prescribed medi-
cation. The French study group [30] identified a target trough blood
hydroxychloroquine level of below 1000 ng/ml as a predictor of flare
and this was attributed to poor adherence to treatment. Treatment re-
lated adverse effects can lead to reduced dosing and lack of efficacy.
Certain drugs, including mycophenolate mofetil (MMF) and aza-
thioprine, can be monitored by blood levels of the active drug or its
metabolites in this situation. Investigation into the reasons for non-
adherence may lead to improved control or a decision to switch to and
alternatives should be considered if suboptimal dosing is likely to
continue. Serious adverse events are frequent in LN and may be treat-
ment related or unrelated, but whatever the cause they may result in
interruption of effective therapy and loss of disease control. As dis-
cussed above, ongoing disease activity in the kidney can be hard to
differentiate from irreversible damage and without a renal biopsy an
assumption of active disease resistant to therapy may be incorrectly
made.

Early diagnosis of renal involvement in SLE results in better treat-
ment response due to less advanced activity and less irreversible da-
mage. Accordingly, delayed diagnosis is more likely to lead to re-
fractory LN. Presence of some or all of the risk factors for renal disease
such as proteinuria, erythrocyturia or hypertension should and need to
be considered early to prevent inflammatory lesions from their pro-
gression to sclerotic ones present in the end stage of LN. Determining
the class of LN by performing kidney biopsy will help guide therapy and
improve long term prognosis.

Optimisation of immunosuppressive dosing for a poor therapeutic
response can include increasing the dose, for example of MMF to 3 g/
day, or switching to enteric coated mycophenolic acid, which has been
more successful especially in patients with reduced renal function [31].
There is limited experience of low dose, EUROLUPUS [32], cyclopho-
sphamide dosing outside Northern Europe, and there is the possibility
that higher cyclophosphamide doses will have higher response rates in

Table 1
Examples of definitions for refractory lupus nephritis.

Definitions
#1 Failure of at least one immunosuppressive drug [7–9]
#2 Failure of at least two immunosuppressive drugs [10]
#3 Poor response to at least one immunosuppressive drug [11]
#4 Failure to respond to immunosuppressive therapy including cyclophosphamide

[12]
#5 Failure to respond to the combination of any immunosuppressive drug and

corticosteroid therapy for at least 6 months [13,14]
#6 Failure to respond following treatment with mycophenolate mofetil or

cyclophosphamide [15]
#7 Refractory to ‘standard’ treatment [16]
#8 No response to ‘standard’ treatment [17]
#9 Refractory to established therapy including high-dose corticosteroids and

immunosuppressants [18]
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certain subgroups. Regimens with higher dose oral glucocorticoids or
repeat dose intravenous methyl prednisolone pulses have had higher
response rates at the cost of more glucocorticoid related toxicity [33].
With increasing use of lower glucocorticoid dose regimens, ‘refractory
disease’ will be more common.

4. How to treat refractory lupus nephritis?

The EULAR/ERA-EDTA recommendations suggest a switch of either
cyclophosphamide (CYC) to MMF or vice versa for refractory disease.
This recommendation yielded a high agreement, but clear evidence to
suggest such recommendation is missing. In addition, a switch to B-cell
depletion with rituximab may be considered [5]. In a multicentre ret-
rospective series of patients with either refractory or relapsing LN from
Europe, a high response rate (87%) was reported following initiation of
MMF. Notably, a majority of patients (73/85) were treated with CYC
before MMF was commenced [34]. A single centre study from the
United Kingdom including refractory patients with a majority having
CYC in the past and kidney involvement reported a significant decrease
in the corticosteroid dose, SLE disease activity index (SLEDAI) and
proteinuria after initiation of MMF [26]. One has to be aware of racial
and geographic disparities which may have an impact on refractoriness
as has been shown in the response rate in the ASPREVA Lupus Man-
agement Study (ALMS) trial [35].

4.1. CD20-targeted therapies – Rituximab and novel strategies

Despite the failure of a randomised controlled trial comparing the
addition of rituximab to MMF and steroids to standard of care treatment
(placebo with MMF and steroids) [36] to demonstrate statistical su-
periority in response rates, rituximab has shown encouraging results in
the treatment of refractory LN. This holds true for several different
ethnicities and for diverse definitions of refractory LN reported so far.
For the former assumption, some of the recent cohort studies are listed
below.

In a Mexican cohort, ten out of 13 patients showed a response fol-
lowing rituximab treatment with a decrease of urinary albumin excre-
tion from 3.3 ± 3.1 g to 0.4 ± 0.6 g per day after six months [7].
Another monocentric series indicated a therapeutic response in 12 out
of 22 patients who received 2 doses of 0.5–1 g rituximab. Of note, the
follow-up time of 3months was too short for a final analysis. One pa-
tient died due to invasive histoplasmosis during follow-up [8]. A renal
response rate of 64% was reported in a Colombian cohort with re-
fractory LN following B-cell depletion. Importantly, the number was
lower (45%) when creatinine clearance was included in the assessment
of renal response [9]. In a Singaporean cohort, administration of ri-
tuximab (2×375mg/m2) was accompanied by two pulses of CYC
(500mg each). All patients with renal involvement achieved a response
towards this combination therapy with a decline of median proteinuria
from 4.9 g to 1.0 g per day. An overlooked impact on healthcare
economy following rituximab treatment was addressed by the authors,
since they reported on a reduction of hospitalisation days from a
median of 17.1 prior rituximab treatment to 0 during an observation
period of 28months following rituximab [10]. In a Korean multi-centre
report eleven out of 17 patients showed a partial response following
rituximab therapy and the SLEDAI score decreased from 11.9 ± 5.1 at
baseline to 7.1 ± 4.4 12months after therapy. Therapy in general was
well tolerated and side effects related to rituximab were observed in
18% of patients [11]. A recent Chinese report compared rituximab
versus CYC in refractory LN cases. Although the term “refractory” was
not further defined and the previous CYC exposure was not stated, they
found significantly higher response rates in the rituximab-treated pa-
tients (complete remission 64.7%, partial remission 19%). Moreover, a
decline of anti-C1q antibodies to 11.9% from baseline was found in this
study [37]. Of note, conflicting data exist regarding the value of anti-
C1q antibodies in the assessment of renal involvement in SLE [38].

Rituximab (4× 375mg/m2) in combination with two pulses CYC
(0.5 g/m2, three weeks apart) improved overall renal function along
with an overall response in proteinuria. Moreover, repeated renal
biopsy indicated reduced tissue-based CD3, CD4 and CD20 staining
after six months. Complete and partial renal remission could be
achieved in three and one patient, whereas three patients had persistent
albuminuria and hypoalbuminaemia (< 50% improvement) [12]. Ad-
dition of a single infusion of CYC with a fixed dose of 500mg along with
rituximab 375mg/m2 weekly four times led to a decline of proteinuria
from 4.6 g at baseline to 0.45 g per day after 12months [14]. A follow-
on study including relapsing and refractory LN patients revealed a high
response rate in patients with active glomerulonephritis (91%). Long
term follow-up was available for 9 patients, in whom a reduction of
proteinuria from 2.2 g at baseline to 0.5 g at 24months was observed
[13]. Results from the French AutoImmunity and Rituximab Registry
revealed a response rate of 74% when rituximab was added to another
immunosuppressive agent. Notably, 24% of patients with LN did not
receive MMF or CYC before initiation of rituximab, hence these patients
have not been classified as refractory cases [15]. Another French ob-
servational study reported response of 50% with a refractory disease
course. However, two patients remained on haemodialysis at the time
of last follow-up. Repeated renal biopsy revealed a decrease in the ac-
tivity index in most cases [16]. In a large multi-centre survey of ri-
tuximab use in Spain a response rate of 82.5% (out of 63 patients) was
reported. Although no concrete information about assessment of renal
response was given, proteinuria decreased from 1.6 ± 2.4 g to
0.8 ± 1.2 g per day after a follow-up time of 6 ± 3months. Infections
and infusion-related side effects accounted for the majority of adverse
events reported [17].

An Italian multi-centre study recruited 145 patients, of whom 68
had LN and were refractory following at least one immunosuppressive
measure. Different schemes of rituximab administration were used. A
stepwise reduction of proteinuria from 4.1 ± 2.9 to 1.1 ± 1.9 g/day
was observed after 12months. Overall remission rates were 94.1%,
with 21 and 43 patients achieving complete and partial remission [39].
A more recent French study reported 17 CYC-resistant patients who
received concomitant immunosuppression alongside rituximab. A re-
sponse rate of 53% was reported (4 complete and 5 partial). However,
even in patients with no response as defined by the authors, proteinuria
decreased from 4 g/day to 1.32 g/day after 12months. Among severe
side effects, one patient presented with Escherichia coli pyelonephritis
[40]. Japanese LN patients who were refractory to established therapy
including high-dose corticosteroids and immunosuppressants were
treated with different doses of rituximab (ranging from 1000 to
4000mg). 30 out of 36 patients (83.3%) improved from BILAG A or B to
BILAG C or D score at one year, accompanied by a decrease in serum
creatinine and urinary protein-to-creatinine ratio [18] (see Table 2). A
recent analysis of the British Isles Lupus Assessment Group Biologics
Register revealed good efficacy and an acceptable safety profile of ri-
tuximab therapy in patients failing either MMF or CYC. No sub-analysis
of patients with renal items (n=111) scored on BILAG has been re-
ported [41]. Despite the reported evidence of rituximab’ efficacy in
refractory disease, a recent case series showed that five out of seven
patients had no improvement following rituximab which was accom-
panied by incomplete B-cell depletion [42]. This argues for examination
of B-cell count following rituximab infusions and eventually administer
additional rituximab in case of incomplete depletion.

APRIL (a proliferation-inducing ligand) and B-lymphocyte stimu-
lator (BLyS), the latter also known as BAFF (B cell activating factor), are
members of the tumour necrosis factor (TNF) family [43,44] and both
are implicated in SLE pathogenesis potentially playing a role as ther-
apeutic targets as well as putative biomarkers [45]. Belimumab, a fully
humanised monoclonal antibody targeting BLyS/BAFF, has been li-
censed in the management of SLE (active LN and central nervous system
lupus excluded), but real-life data support its use in selected cases with
LN as well [46]. An increased baseline BLyS level was associated with
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an early relapse (< 12months) of disease. In general, a significant in-
crease of BLyS levels was observed following rituximab therapy,
whereas after 6–8months, when B-cell repopulation was ongoing, BLyS
levels decreased to baseline levels [47]. This finding suggests a ratio-
nale for a combined B-cell depletion and BLyS inhibition. This strategy
has successfully been employed in several patients with refractory LN
and may be a promising approach in refractory LN responding to ri-
tuximab with subsequent early relapse [48,49]. In addition to reduction
of BLyS levels, combination of rituximab and belimumab diminished
excessive neutrophil extracellular traps formation [50]. An interim-
analysis of the CALIBRATE trial (NCT02260934) which either assigned
patients to belimumab or placebo showed no clinical benefit of BLyS
inhibition in the short term and longer follow-up data are warranted
[51]. More trials combining rituximab with belimumab in the man-
agement of non-renal SLE are in progress (e.g., BEAT-LUPUS
(ISRCTN47873003) and BLISS-BELIEVE (NCT03312907)).

During the last decade, several reports revealed efficacy of ritux-
imab in patients with refractory LN and in terms of failure of a con-
ventional immunosuppressive strategy, B-cell depletion might be con-
sidered as first choice given the response rates reported in its “real-life”
use and the low number of serious adverse events (Table 2) [52]. In line
with this suggestion is the high rate of complete or partial renal re-
sponse in patients with refractory disease. However, class IV and class V
LN and a mixed type on renal biopsy are more recalcitrant to B-cell
depletion which has been shown in a recent meta-analysis [53] and
addition of other immunosuppressive measures discussed below may be
considered in patients with inadequate response. If rituximab is con-
traindicated due to previous severe infusion reaction or presence of
human anti-chimeric antibodies, novel completely humanised CD20-
depleting agents such as ofatumumab or obinutuzumab may be used in
the treatment of refractory cases. The former has been successfully used
in a patient with life-threatening refractory LN [54].

4.2. Calcineurin inhibitors – Tacrolimus and cyclosporine A

A recently published randomised controlled trial comparing tacro-
limus (4mg a day) and low-dose MMF (1 g a day) with CYC (6 pulses á

0.75mg/m2 with dose adjustments) revealed superior efficacy of
“multi-target” therapy after 6months in terms of response rates and
complete renal remission. The difference observed was mainly attri-
butable to a better response of difficult to treat class IV and V LN and
mixed pattern (IV+V) on renal biopsy [55]. Another randomised
controlled trial comparing tacrolimus (0.06–0.1mg/kg a day) with
MMF (2–3 g/d) showed non-inferiority of tacrolimus in induction of
remission. Patients were switched to a maintenance treatment with
azathioprine and a non-significant trend towards a higher relapse fre-
quency was observed in the trial arm randomised to tacrolimus. During
follow-up of 6months, the change in renal function differed sig-
nificantly between both groups with an increase of 14ml/min in
creatinine clearance observed in the MMF-arm and a stabilisation in the
tacrolimus group [56]. Addition of a calcineurin inhibitor may be a
reasonable option in addition to other immunosuppressive measures in
the treatment of refractory class IV/V LN or mixed patterns.

In an earlier trial comparing “multi-target” therapy as described
above (dosage adapted to trough levels) to CYC, a high percentage of
patients received either CYC or MMF before. The rate of complete renal
remission in intention-to-treat analysis was significantly higher (50%
versus 5%) in the “multi-target” therapy arm, whereas partial response
did not differ between groups. Serum creatinine normalised in all but
one patient in each group, while the mean value of serum creatinine
was similar [57]. In a Spanish single centre observational study, pa-
tients with MMF treatment were studied. In case of unresponsive dis-
ease or disease relapse despite MMF, tacrolimus (0.075mg/kg/d) was
added to the immunosuppressive regimen. 12 patients (70%) achieved
a therapeutic response, of whom six had a complete and partial re-
mission. Of note, all patients had either class IV or class V LN [58]. In a
Chinese prospective observational study, tacrolimus (2 or 3mg, de-
pending on body weight) was added to the treatment in 26 CYC-re-
sistant patients. Response (complete 38.5%, partial 50%) was observed
in a majority of patients, which was accompanied by a mean decrease of
proteinuria from 6.9 ± 4.5 g/d to 1.11 ± 1.1 g/d and a significant
decline in SLEDAI. Interestingly, patients classified as non-responders
had class III LN on biopsy [59]. Response of refractory class IV and V or
combined IV/V was also observed in a small Korean study with a rate of

Table 2
Characteristics of patients with refractory LN treated with rituximab. Definition of refractory LN is highly diverse in different studies reported. * Adverse events were
recorded in 28 patients of the total cohort (n=42); *1 adverse events were reported for the whole cohort of patients with refractory SLE; *2 refractory and relapsing
patients were combined in analyses; *3 10 patients did not receive either CYC or MMF before administration of rituximab; *4 adverse events were given for the whole
cohort comprising 136 patients who received rituximab therapy (non-refractory cases included); *5 severe adverse events were given for the whole cohort; *6 serious
adverse events (grade 3 to 5) for all patients (n=60) included in this study. Abbreviations: CRR= complete renal remission, HACA=human anti-chimeric anti-
bodies, LON= late-onset neutropenia, PRES= posterior reversible encephalopathy syndrome, PRR=partial renal remission.

Country Definition refractory
LN

Number
(patients)

Response rate (CRR/
PRR)

Side effects

Mexico [7] #1 13 76.8% (38.4%/
38.4%)

LON (7.7%)

Mexico [8] #1 22 54.5% (22.7%/
31.8%)

Histoplasmosis (4.5%)

Colombia [9] #1 32 64% (28%/36%) 39.3%*
Singapore [10] #2 7 100% (42.9%/57.1%) –
Korea [11] #3 17 64.7% (0%/64.7%) Infusion reaction (10.3%), infections (7.7%)*1

China [37] Undefined 42 83.3% (64.3%/19%) not reported
Sweden [12] #4 7 57.1% (42.9%,

14.2%)
Neutropenic fever, infections (28.6%)

United Kingdom [14] #5 6 100% Serum sickness syndrome (9.1%), HACA production (9.1%)*1

United Kingdom [13] #5 11*2 91% (36.4%, 54.5%) Infusion reaction (45.2%), infections (25.8%), LON (3.2%)
France [15] #6 32 (42)* 74% (45%, 29%)*3 Infusion reaction (16.2%), thromboembolic event (4.4%), severe infection (8.8%)*4

France [16] #7 12 50% (25%/25%) Infections (8.3%), LON (16.7%), PRES and cerebral haemorrhage (8.3%)
Spain [17] #8 63 82.5% 38.9% (mainly infections and infusion reactions)*1

Italy [39] #1 68 94.1% (30.9%/
63.2%)

Severe adverse events (15/134)*5

France [40] #6 17 53% Escherichia coli pyelonephritis (5.9%)
Japan [18] #9 36 83.3% Brain haemorrhage (1.7%), cerebral infarction (1.7%), sepsis (1.7%), Infections

(25%), neutropenia (1.7%), myocardial infarction (1.7%)*6
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78%. Proteinuria decreased from a baseline UPCR of 2.19 to 0.44 g/g
creatinine after 12months. Despite these reassuring effects, the mean
prednisolone dose remained above 10mg/d at time of last follow-up
[60]. In a small case series from a specialist centre in America including
Caucasian and African American refractory LN patients, response was
observed in four out of seven patients (one complete and three partial
responses). However, severe side effects were observed leading to dis-
continuation of therapy in most patients [61]. In line with the ob-
servations of tacrolimus efficacy, cyclosporine A treatment led to good
response rates in refractory LN. Combination of two treatment groups
(concomitant stable or increased prednisolone dose) revealed a ther-
apeutic response in 16/26 patients. Effects on proteinuria were ob-
served as early as two weeks after initiation of therapy [62]. Six re-
fractory cases with LN received cyclosporine A due to failure to achieve
remission following MMF (2–3 g per day). Addition of cyclosporine A
(2.6–3.7 mg/kg/day) led to a reduction of proteinuria from 2.4 g/24 h
to 0.5 g/day. Four patients achieved complete remission, while one
patient each had partial or no remission [63] (see Table 3).

Taken together, addition of tacrolimus or cyclosporine A to other
immunosuppressive measures has been proven to be efficacious espe-
cially in patients with difficult to treat diffuse proliferative or mem-
branous LN or a combination thereof, although there is the potential for
reporting bias in these small retrospective series. Most of the evidence
so far has been published in an Asian population and there is a strong
need to prove this concept in other ethnicities. A novel calcineurin
inhibitor, voclosporin, has recently shown efficacy over placebo in a
phase II clinical trial, while serious adverse events were more frequent
in the active treatment group [64]. This concept is currently tested in a
phase III trial and may also be an option in those with refractory dis-
ease.

4.3. Extracorporeal treatment forms – New look on an old treatment
strategy

Plasma exchange (PLEX) has been used intensively in combination
with other immunosuppressive measures in the treatment of LN.
However, enthusiasm was dampened following a negative randomised
controlled trial conducted almost three decades ago. One limitation in
the analysis of this data is the high cumulative dose of CYC which was
administered orally and patients had mainly newly diagnosed LN. The
study suggested no difference in both treatment arms [65]. A further
study conducted by the Lupus Plasmapheresis Study Group was never
published in full-text, although at least 87 patients have been recruited.
One can only speculate that addition of PLEX to high dose steroids and
per oral high dose CYC might lead to an abundance of severe compli-
cations [66]. Treatment-naïve LN, however, is rather responsive to
immunosuppressive treatment and it is not clear if additional im-
munosuppression to standard of care increases renal response rates.

Addition of extracorporeal treatment measures have been shown to

be efficacious either in the treatment of pregnant women with signs of
active disease, antiphospholipid syndrome or in refractory LN.
Immunoadsorption (IAS) has replaced PLEX in many countries, since
the systemic effects are clearly favourable with potential implications
on side effects, especially bleeding, anaphylactic complications or life-
threatening infections [67–69], and removal of disease-specific anti-
bodies with a rate outranging PLEX. Notably, high-affinity columns
such as Ig-Therasorb® or Globaffin® have advantages in the removal of
disease-specific antibodies as has been shown in a large observational
study [70]. In their first report, Stummvoll and colleagues published
their experience in the treatment of 16 patients with either refractory
disease or contraindications towards standard treatment. Proteinuria
decreased from 6.7 g/day at baseline to 2.9 g/d after 12months. This
renal response was accompanied by a decline of SLEDAI from 21 to 5
and of ECLAM from 7 to 3 during the same observational time. The
steroid dosage could be reduced from 117mg/day at baseline to 9mg
after 12months. Anti-dsDNA antibodies fell from 391 IU/ml to 53 IU/
ml after 12months. From a side effect perspective, IAS was well tol-
erated with four episodes of severe infections recorded in two patients.
Of these subjects, one died due to Pseudomonas septicaemia. However,
this fatality may be related to concomitant CYC treatment rather than to
IAS. Three anaphylactic reactions were observed, two were attributed
to newly started intravenous drugs [70]. Eleven patients of their initial
study entered a prolonged IAS programme. In those patients with no
remission after one year (n=5), proteinuria decreased significantly
during prolonged follow-up from 4.3 ± 2.4 to 0.5 ± 0.4 g/day.
During extended treatment, one patient had a disease flare, whereas in
others disease has stabilised with a lower number of relapses compared
to a comparator group receiving MMF (0.28 versus 0.89 per patient
year, respectively). During prolonged IAS no more severe infectious
complications were observed [71], further highlighting the influence of
concomitant other measures such as high-dose steroids and cytotoxic
agents on infectious risk.

In conclusion, extracorporeal treatment is a reasonable option in
patients with a refractory disease course or in whom a more aggressive
treatment regimen is contraindicated (i.e., with concomitant severe
infectious complications). Given the low frequency of severe side effects
observed during and following IAS, this technique may be superior to
PLEX. The latter can be employed in centres where IAS is not available,
although both randomised trials (one unpublished) did not support this
suggestion [72]. However, one small multi-centre trial added either
PLEX or cytotoxic drugs (azathioprine or CYC) when patients had no
response following three weeks of steroid therapy. There was a com-
parable response, however the number of patients was small and does
not allow any definite conclusions. We emphasise that a recruitment
bias may be responsible for the results of the published randomised
controlled trial with a negative result [73], since newly diagnosed pa-
tients were recruited along with relapsing/refractory disease and more
recent case reports and series have highlighted efficacy of PLEX in

Table 3
Efficacy and side effects of calcineurin inhibitors in the treatment of refractory LN. Refractory LN was defined as: #1 refractory disease despite MMF therapy, #2 LN
resistant to CYC treatment, #3 patients failed to respond to sufficient intravenous CYC therapy, #4 refractory to glucocorticoids (and other immunosuppressants), *
Side effects are given for the whole cohort of patients (comprising a total of 70 MMF treated patients and tacrolimus was added in 17); *1 No information regarding
complete renal remission were given and side effects were reported for the whole cohort comprising 59 patients. Abbreviations used: CMV=cytomegalovirus,
CRR= complete renal response, PRR=partial renal response.

Country Definition refractory
LN

Number (patients) Response rate (CRR/
PRR)

Side effects

China [57] Not defined 20 90% (50%/40%) Infections (20%), new onset hypertension (15%), leukopenia (10%), gastrointestinal
symptoms (10%), new onset diabetes mellitus (5%)

Spain [58] #6 17 70% (35%/35%) Leucopenia (2.9%), gastrointestinal side effects (23%), tremor (1.4%)*
China [59] #6 26 88.5% (38.5%/50%) Aspergillosis/CMV (3.8%), new onset hypertension (3.8%), alopecia (3.8%)
Korea [60] #4 9 78% (22%/56%) Tremor (77.7%), new onset diabetes mellitus (11.1%)
USA [61] #6 7 57.1% (14.3%/42.8%) Infections (57.1%), diabetic ketoacidosis (14.3%)
Japan [62] #5 26 61.5%*1 New onset hypertension (15.3%), renal dysfunction (11.9%)*1

Portugal [63] #6 6 83.4% (66.7%/16.7%) No adverse events
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difficult to treat LN.

4.4. Stem cell transplantation – From autologous to umbilical cord
mesenchymal stem cell transplantation

In patients with refractory SLE and LN, autologous stem cell trans-
plantation has led to good control of active disease but with relapses in
50% by three years and a level of toxicity and treatment related mor-
tality that has been proved unattractive to further trials or routine use.
Results from a multi-centre survey of the European Group for Blood and
Marrow Transplantation (EBMT) and EULAR registry with inclusion of
predominant LN or other disease manifestations revealed a remission
rate (defined as SLEDAI<3) of 66% by six months, whereas 32% had a
relapse in the subsequent follow-up and 12 fatalities occurred, of which
7 were attributed to the procedure. Given the high rate of post-trans-
plant immunosuppression prescription (70% of patients) this procedure
seems discouraging [74]. In a follow-up study, a report on 28 patients
again with a majority having renal involvement indicated a disease-free
survival of 55% for 2 years, with a relapse incidence of 56 ± 11% and
five fatalities including three due to infections, one each due to sec-
ondary autoimmune phenomenon and progressive SLE [75]. A large
single centre report from the United States revealed a low rate of pro-
cedure-related mortality, along with a 50% probability of disease free
survival after 5 years. Autologous stem cell transplantation was em-
ployed due to renal disease in 20% of patients, whereas half of the
patients had evidence of LN in the past [76]. A follow-up study im-
plementing two different non-myeloablative regimens, namely CYC
(200mg/kg) and alemtuzumab (60mg) or CYC (200mg/kg), rATG
(thymoglobulin) (5.5 mg/kg) and rituximab (1 g), was performed in the
same centre. None of the four patients receiving the former regimen
attained remission, while remission was achieved in 92% at 6months
with a long-term remission rate of 62% at 5 years post stem cell
transplantation. Notably, LN was the manifestation leading to trans-
plantation in 11/30 subjects. No treatment related fatalities were ob-
served despite a large number of co-morbidities in a significant number
of participants [77].

Alternatively, allogenic transplantation of mesenchymal stem or
stromal cells (MSC) has been employed. MSCs possess im-
munomodulatory functions, including their ability to stimulate differ-
entiation and proliferation of regulatory T cells [78]. MSC transplan-
tation was performed in 15 patients with refractory LN. After 12months
of follow-up proteinuria decreased from 2505.0 ± 1323.9 at baseline
to 858.0 ± 800.7mg/day. In line with this significant improvement,
SLEDAI decreased from 12.2 ± 3.3 to 3.2 ± 2.8 in the same ob-
servational period and two renal relapses were observed. Reassuringly,
no life-threatening side effects following the procedure could be ob-
served [79]. A follow-up study from the same group investigated the
role of allogenic bone marrow and/or umbilical cord mesenchymal
stem/stromal cell (MSC) transplantation in 81 patients with refractory
LN. Notably, remission was achieved in 60.5% of patients, along with a
significant reduction of BILAG and SLEDAI scores in this cohort. Pro-
teinuria decreased from 2.74 ± 1.2 to 1.52 ± 1.04 g/d and GFR im-
proved from 58.55 ± 19.16 to 69.51 ± 27.93ml/min. Relapse was
recorded in 22.4% of the patients and 4 died during follow-up. How-
ever, fatalities were judged to be unrelated to the procedure [80]. Long
term follow-up of five years revealed that 13 patients died, while of the
remainders 28 (out of 68) were in complete (22) or partial (6) remission
[81]. In another study umbilical cord MSC transplantation was chosen
to treat mainly refractory LN. A decline of proteinuria reaching sig-
nificant changes was observed after 3months and in patients with
longer follow-up after 6months, along with an improvement of renal
function in those with increased creatinine at baseline. Again no
treatment-related side effects were observed during follow-up [82]. A
subsequent multi-centre trial including a majority of patients with LN
indicated a major clinical response and a partial clinical response in
27.5 and 32.5% of patients, respectively. The overall survival rate

during the follow-up time of 12months was 92.5% with fatalities un-
related to the procedure as judged by the investigators. Proteinuria
decreased from 2.24 ± 1.43 g at baseline to 1.41 ± 1.33 g after
12months and serum creatinine stabilised during follow-up [83]. Re-
sults of a randomised controlled trial dampened enthusiasm, since it
was stopped after enrolment of 18 patients. Remission rates were
comparable between patients undergoing MSC (75%) and those as-
signed into the placebo group (83%). Moreover, one patient died due to
severe pneumonia in the MSC group [84].

In conclusion, stem cell transplantation as reported in the EBMT/
EULAR registry was mainly used when damage accrual was already
present. This may explain the high procedure-related mortality and due
to a severe disease course the high rate of relapse following autologous
stem cell transplantation. In contrast, single centre results from the
United States and emerging strategies such as mesenchymal and um-
bilical cord mesenchymal stem cell transplantation indicated a low rate
of procedure-related fatalities, since patients underwent transplantation
early in their disease course and overall a good renal outcome was
proposed. Nevertheless, we believe that alternative strategies as de-
scribed above are more encouraging since renal response indicated si-
milar remission and relapse rates along with a reduction of severe side
effects compared to stem cell transplantation and this procedure should
be confined to selected cases [85].

4.5. Alternative immunosuppressives

In a Chinese series, patients with either refractory disease or con-
traindication towards CYC treatment, leflunomide with an initial do-
sage of 100mg (for 3 days) followed by 20mg subsequently for
52 weeks showed efficacy in 76% of patients with an overall reduction
of proteinuria from 3.5 to 1.7 g/day [86]. After high-dose im-
munoablative CYC (50mg/kg body weight for 4 consecutive days, ac-
companied by Pneumocystis jirovecii prophylaxis) four patients had a
complete response, whereas three patients showed a partial response
and two failed induction treatment. In the latter group one patient
progressed to end stage renal failure. Reassuringly, no patient presented
a renal relapse during follow-up [87]. Mizoribine, an im-
munosuppressant inhibiting inosine monophosphate dehydrogenase,
was employed in a Japanese series of 17 patients with resistant LN. A
decline in urinary protein excretion from 194 ± 208 to
114 ± 106mg/dl after 24 months could be observed [88]. In seven
patients with LN with CYC failure, addition of high dose intravenous
immunoglobulin (1–6 courses of 400mg/kg over 5 consecutive days)
yielded a significant decline in proteinuria after 6months which was
accompanied by an improvement in serum albumin and a reduction in
serum cholesterol [89]. Others have shown that high-dose intravenous
azathioprine along with per oral azathioprine during the intervals as
well as intravenous methotrexate in combination with pulse CYC may
be an alternative in difficult to treat LN refractory to standard im-
munosuppressive measures [90,91]. Thalidomide, which has shown
efficacy in cutaneous SLE, has been successfully used in two patients
with refractory LN. Mild peripheral neuropathy was noted in one case
[92].

Bortezomib, a proteasome inhibitor, was tested in 12 patients with
refractory SLE, of whom eight had renal involvement. Overall, a sig-
nificant reduction of disease activity as measured by SLEDAI was
achieved. Proteinuria decreased from 2221 to 867mg/day during the
follow-up period. Severe adverse events resulting in hospitalisation
were reported in four patients [93]. Efficacy of a bortezomib-based
regimen was efficacious in a cohort of Chinese patients with either a
refractory or relapsing disease course [94]. Bortezomib-induced a rapid
depletion of plasma cells (PC), but the regeneration was fast. This was
in part explained by an approximately 2-fold increase in BLyS at the end
of treatment. Combination therapy with rituximab was proposed, but
belimumab may be an alternative strategy in this setting which has
been successfully demonstrated in two cases [95,96].
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5. Conclusion

The treat-to-target initiative in SLE recommended that prevention of
damage accrual is a major therapeutic goal, since damage leads to
morbidity and is associated with mortality, especially in patients with
SLE and end stage renal disease [97,98]. Improving the health related
quality of life is one important outcome and strategic approaches to
target therapies need to be employed [99]. Moreover, our treatment
target should be remission and when remission is not achievable the
lowest possible disease activity measure by validated disease activity
scores should be reached [98]. To achieve such goals in refractory
disease, a change in the treatment strategy has to be considered rather
early (3–4months after initiation of therapy) to prevent irreversible
kidney damage. In order to further highlight the importance of re-
fractoriness in SLE, a clear definition of refractory LN is desired, since
comparability of different observational studies reporting on outcome
following treatment is limited given the fact of diverse conceptions of
“refractory”. This may be addressed by a follow-on initiative of the
treat-to-target SLE with the aim to improve patient care in this cohort of
high-risk patients.

The armamentarium of treating refractory LN has been extended
over the last decade. The recommendation of the joint publication of
the EULAR/ERA-EDTA suggested a switch from either MMF to CYC or
vice versa in terms of inefficacy or treatment related side effects or in a
next instance rituximab should be added [5]. Rituximab has shown
encouraging results in the treatment of refractory LN, especially in class
III and IV LN and to a lower extent in mixed classes and membranous
LN [53]. Since experience, however, was published all over the world
we recommend rituximab as first option in patients with a refractory
disease course. In contrast, calcineurin inhibitors have been mainly
tested in Japan and China in these indications. The results published so
far have highlighted a good efficacy of tacrolimus especially in difficult
to treat LN classes IV and V. Howsoever, although results in treatment-
naïve patients are accumulating, more results including other ethni-
cities are clearly warranted. Since procedure-related side effects are
rarely seen in patients undergoing IAS, we think this technique is ele-
gant and yielded good efficacy in patients with refractory LN or in those
with contraindication towards standard therapy. Since evidence is
limited to one larger case series [70], a clinical trial comparing the
efficacy of IAS in combination with standard of care to standard of care
alone is required. Stem cell transplantation in the course of refractory
cases has attracted attention in the last two decades. Since the in-
troduction of novel and efficacious medical therapies, the interest is
slightly decreasing. Noteworthy, studies from China revealed efficacy of
mesenchymal and umbilical cord mesenchymal stem cell transplanta-
tion, which led to a low procedure-related fatality rate. In patients with
a high cumulative organ damage, mortality rates related either to dis-
ease or procedure are high and have to be taken into account when
counselling for such an approach. Other strategies employed so far have
been reported in small cohorts, but especially intravenous im-
munoglobulins may have a role in the treatment of refractory LN cases.
Emerging novel immunosuppressive measures will further increase our
treatment options in LN and in cases with refractory disease course.

Adjunct therapy should be optimised in the context of refractory LN
and non-adherence to the prescribed medication should be ruled out. In
line with the EULAR/ERA-EDTA recommendations [5], antimalarials
(hydroxychloroquine or chloroquine) should be commenced if contra-
indications are ruled out, given their effects on production of inter-
feron-α and tumour necrosis factor-α [100], ability to decrease further
TH17-related cytokines [101] and more strikingly the association be-
tween interferon-α decrease and disease activity reduction [102].
Moreover, all patients with renal involvement should receive ACE-in-
hibition or in terms of intolerance angiotensin receptor blockers,
especially when blood pressure is elevated. Notably, addition of ACE
inhibition to the treatment of SLE may prevent onset of LN as has been
shown in a multi-ethnic US cohort [6]. In order to prevent

thromboembolic events anticoagulation may be considered when serum
albumin is below 20 g/l, especially when patients have an underlying
antiphospholipid syndrome. Based on the high rate of premature
atherosclerosis, lowering LDL-cholesterol to a value below 100mg/dl
was suggested by the recommendation of the EULAR/ERA-EDTA.
However, clear evidence regarding the latter recommendation is
lacking [5].
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