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Abstract 

Although the putative therapeutic options for patients with systemic lupus erythematosus (SLE) are 

steadily increasing, refractory disease is indeed a major challenge to many clinicians and patients. 

The proteasome inhibitor bortezomib ⎼ approved for the treatment of multiple myeloma since the 

beginning of this century ⎼ was recently reported successful in twelve cases of refractory SLE by 

German colleagues. Herein, we describe two Swedish SLE cases with refractory renal and pulmonary 

manifestations that were rescued by bortezomib as induction of remission followed by monthly 

doses of belimumab. The patients were carefully monitored with regard to disease activity and renal 

function. Anti-dsDNA and anti-C1q antibodies, complement proteins and lymphocyte subsets were 

analysed in consecutive samples. In December 2016, the patients have been in clinical remission 

post bortezomib administration for a period of 28 and 22 months, respectively. Potential benefits of 

using belimumab as maintenance therapy to prevent regeneration of autoreactive B cell clones are 

discussed. 

  



Introduction 

During the last decades, the management of renal involvement of systemic lupus erythematosus 

(SLE) has seen substantial progress. The current trend is to use lower doses of corticosteroids in 

combination with the Euro-Lupus regimen of cyclophosphamide (CYC) or mycophenolate mofetil 

(MMF) as induction therapy of nephritis [1, 2]. However, many clinicians and patients still have 

experience of refractory disease. In addition, the most severe cases with active renal and/or central 

nervous system disease are consistently excluded from clinical trials evaluating new 

pharmaceuticals. Thus, there is still an urgent need for novel pharmacological interventions in 

severely ill patients. 

 

The commonly used immunosuppressants in combination with corticosteroids primarily exert their 

therapeutic effects on B cells, plasmablasts and short-lived plasma cells [3, 4]. To achieve effects 

beyond this, i.e. on the long-lived plasma cells, the only available alternatives are autologous stem 

cell transplantation, atacicept (blocking both BAFF and APRIL) and proteasome inhibition [4⎼6]. This 

was the rationale for evaluating bortezomib, a proteasome inhibitor approved for the treatment of 

multiple myeloma, in SLE cases resistant to conventional therapy. Professor Voll and colleagues 

recently reported bortezomib to have biological effects on the type-I interferons as well as on long-

lived plasma cells in such patients [7]. To our knowledge, however, the observations have so far not 

been confirmed by others. 

 

We report two Swedish cases with refractory renal and pulmonary manifestations that were rescued 

by bortezomib as induction of remission followed by belimumab. Potential benefits of using 

belimumab as maintenance therapy are discussed. Oral and written informed consent was obtained 

from both patients.  



Case descriptions 

Case-1 

This non-smoking woman with Hispanic origin, born in 1955, without family history of rheumatic 

diseases was classified as SLE in 1997 at our unit. The diagnosis was based on skin, joint and 

haematological (lymphocytopenia) involvement in combination with an autoantibody profile 

including strongly positive speckled antinuclear antibody (ANA) staining pattern, anti-Smith, anti-

small nuclear ribonucleoprotein, anti-double-stranded DNA (dsDNA) detected by Crithidia luciliae 

test (CLIFT), and a positive Coomb’s test (in the absence of haemolytic anaemia). Antiphospholipid 

and anti-C1q antibodies have constantly been negative. She had completed three pregnancies 

without complications and one early miscarriage (in 8th week). During the first years of SLE, her 

symptoms were managed by low-dose prednisolone. Chloroquine was tested but terminated due to 

unclear effect. Hydroxychloroquine (HQ) gave itching as side-effect, and was rapidly discontinued. 

Four years after disease onset, the patient was diagnosed with steroid-induced diabetes mellitus. 

 

In October 2007, she developed severe fatigue with proteinuria and cellular casts. Renal biopsy 

revealed mesangioproliferative lupus nephritis with both subendothelial and subepithelial electron-

dense deposits (WHO class III+V). Treatment with corticosteroids and MMF was initiated. Due to 

subjective side-effects, MMF was replaced by azathioprine (AZA) already after two weeks. AZA was 

discontinued on the patient’s own request in February 2010, where after the only remaining 

immunosuppressant was a daily dose of 10 mg prednisolone. 

 

In December 2012, the patient presented with skin rash and polyarthritis. Methotrexate (MTX) was 

added, but the corticosteroids could not be tapered below 10 mg daily. In June 2013, she had a new 

onset of haematuria, proteinuria and cellular casts. Due to low patient compliance, it was decided to 



give rituximab 1000 mg twice, administered two weeks apart. MTX was used as maintenance. Five 

months later the patient suffered from an osteoporotic fracture of her left leg. Due to questionable 

renal response of rituximab, a renal biopsy was performed in January 2014, which showed 

mesangioproliferative active lupus nephritis ISN/RPS class IV-S (A/C) with full-house pattern, necrotic 

lesions in the mesangium and crescents found in 2/10 glomeruli whereof 1 was destroyed. CYC 500 

mg every second week according to the Euro-Lupus regimen was initiated in combination with 

higher doses of corticosteroids [2]. 

 

Four months later, when the patient still had active urinary sediment and increased proteinuria, she 

complained of cough and fever. A chest X-ray indicated pneumonia, but the response to broad-

spectrum antibiotics was modest. The respiratory function was rapidly worsened. Computed 

tomography (CT) was performed; diffuse alveolar bleeding was suggested and confirmed by 

bronchoscopy. Hemosiderin-laden macrophages in bronchoalveolar lavage fluid were identified. 

 

Plasmapheresis was initiated and the patient received in total 14 courses during June⎼July 2014. She 

became anuric and was treated with haemodialysis and assisted ventilation at the intensive care 

unit. Assessment of lymphocyte subsets (absolute counts and percentage) was performed with flow 

cytometry at the accredited laboratory of Clinical Immunology and Transfusion Medicine at 

Linköping University Hospital (Table 1). In mid-July, bortezomib in combination with dexamethasone 

was initiated and given in one cycle according to the scheme suggested by Alexander et al [7]. The 

administration of bortezomib was followed by infections (systemic Candida albicans and 

cytomegalovirus) which prevented a second bortezomib cycle, but the renal function as well as the 

serological activity improved rapidly (Figure 1A). The occurrence of the infections coincided with a 

significant reduction of IgG in plasma (Figure 1D). 



 

In late August 2014, belimumab was introduced as maintenance in an attempt to decrease new 

plasma cells. A daily background of HQ 200 mg and prednisolone 7.5 mg was also given. Belimumab 

600 mg intravenously has successfully been repeated monthly during more than two years without 

recurrence of anti-dsDNA antibodies, complement consumption, active urinary sediment or signs of 

extra-renal disease activity, and Coomb’s test became negative post bortezomib treatment. Of note, 

however, during the first year of belimumab the patient suffered from one pyelonephritis and one 

upper respiratory tract infection which both required treatment with oral antibiotics. At last follow-

up (in December 2016), the patient was still on a low dose of prednisolone, 7.5 mg daily. 

 

Case-2 

This Caucasian woman, born in 1975, with affirmed photosensitivity since childhood and three 

pregnancies without complications, was admitted to our rheumatology unit in the fall of 2009 due to 

polyarthritis. During 1997⎼98, she suffered from an episode of Guillain-Barré syndrome with 

symmetric muscle weakness and acute inflammatory demyelinating polyneuropathy; effective 

treatment with intravenous immunoglobulins made her completely recovered. Her grandmother 

also had arthritis and had been judged as suspected primary Sjögren’s syndrome. At the patient’s 

first visit, the consultant rheumatologist found symmetrical synovitis of the proximal interphalangeal 

joints. The autoantibody profile revealed a positive ANA with speckled staining pattern and anti-SSA 

(both Ro52/TRIM21 and Ro60). Low-dose corticosteroids were initiated on the suspicion of lupus 

arthritis. 

 

Three months later, the patient was affected by a pleuritis confirmed on X-ray. Treatment with 

higher doses of corticosteroids in combination with HQ and AZA was successful. AZA was 



discontinued after six months due to subjective side-effects. In 2011, the patient occasionally 

demonstrated skin rash and complained on pronounced continuous tiredness and musculoskeletal 

pain. Low-dose dehydroepiandrosterone was initiated during one year, in hope of improving the 

fatigue, but the effect was modest. In early 2013, the patient experienced more arthralgia and MTX 

was initiated. ANA and anti-SSA were still positive, now with the addition of anti-dsDNA in a titre of 

1:160 detected by CLIFT but Coomb’s test was negative. Six months later, a skin lesion showed 

discoid lupus on biopsy. MTX was discontinued due to lack of efficacy and MMF 2000 mg daily was 

started. 

 

In April 2014, albumin on urine dipstick, haematuria, a moderate amount of urinary casts was 

detected in combination with slightly elevated plasma creatinine. Renal biopsy demonstrated diffuse 

proliferative lupus nephritis ISN/RPS class IV-S (A/C) with crescents in 9/16 glomeruli and segmental 

necrosis in 4/16, but only limited fibrosis. Deposits of immunoglobulins and complement 

components were significant. Corticosteroids were administered intravenously in combination with 

an initial dose of 800 mg CYC followed by the Euro-Lupus regimen, and the dose of HQ was increased 

to 400 mg daily [2]. Three months later, MMF was re-started. However, creatinine did not normalize, 

proteinuria remained substantial, and urine dipstick still revealed persistent haematuria. Rituximab 

1000 mg twice administered two weeks apart was given in October 2014 and the corticosteroids 

were eventually tapered. A renal re-biopsy in February 2015 (ten months after the previous biopsy) 

confirmed a histopathological picture compatible with active diffuse lupus nephritis classified as 

ISN/RPS class IV-S (A/C), whereas the immune deposits were now sparse. Crescents were found in 

14/22 glomeruli and 3/22 were destroyed. 

 

During March⎼April 2015, bortezomib in combination with dexamethasone was administered in two 

cycles according to the scheme suggested by Alexander et al [7]. After the second cycle, belimumab 



was introduced as maintenance on a daily background of MMF 2000 mg, HQ 200 mg and 

prednisolone 5 mg. Belimumab 800 mg intravenously has been repeated monthly. Apart from acute 

appendicitis (in July 2016), the treatment has been free of side-effects. Of note, since the 

bortezomib cycles the patient’s morphine demanding musculoskeletal pain has almost entirely 

disappeared. In August 2016, a third renal biopsy was performed (18 months after the previous 

biopsy) which revealed inactive nephritis as cellular crescents had been replaced by sclerotic 

crescents in 16/45 glomeruli. No fresh crescents were found. 30% of the cortex was fibrotic. During 

the last year, raised disease activity has not been observed but a decreasing anti-dsDNA antibody 

titre is still present (Figure 2B and 2E). At last follow-up (in December 2016), the patient had been 

completely free from corticosteroids for four months. 

 

Discussion 

The interest for drugs used in haematology is not new among rheumatologists. Rituximab was an 

important treatment option for lymphomas already long before its introduction in rheumatology, 

but nowadays, rituximab is a biologic of great importance, e.g. in rheumatoid arthritis and ANCA-

associated vasculitis [8]. Whether rheumatologists will adopt bortezomib as a new family member is 

still an open question, but it is clear that some patients with refractory SLE have benefited from this 

drug. 

 

Mechanisms of action of the 26S proteasome inhibitor bortezomib may include inhibition of nuclear 

factor-kB (NF-kB) and modulation of the tumour microenvironment, including cytokine expression 

and stromal cell interactions [3, 6]. In addition, it contributes to the accumulation of misfolded 

proteins within the endoplasmic reticulum and thereby activates the terminal unfolded protein 



response leading to apoptosis [9]. The long-lived plasma cells are magnificent antibody producers, 

and are thus highly sensitive to proteasome inhibition [6]. 

 

The cases described herein with renal and pulmonary involvement resistant to conventional 

therapies are rare. The first case had a life-threating disease preceded by a long history of serological 

activity and bad compliance. Two years after the administration of bortezomib, the anti-dsDNA 

antibody tests (two different techniques) are still negative and complement proteins are normal 

(Figure 1). The second case was complicated since the renal histopathology repeatedly showed 

serious lesions with crescents and significant immune deposits despite normal complements and 

very limited urinary findings. Eighteen months after the administration of bortezomib the urine 

albumin/creatinine ratio and albumin in plasma have normalized, and anti-C1q levels decreased 

significantly (Figure 2). In addition, the latest renal biopsy showed predominantly chronic lesions 

with very limited immunoglobulin deposits. 

 

In both patients, assessment of lymphocyte subsets revealed a normalization of NK cells, helper and 

cytotoxic T cells during the treatment cycles whereas B cells and plasmablasts were already low after 

treatment with rituximab, and remained subnormal during and after bortezomib (Table 1). However, 

it is likely that clones of long-lived plasma cells in the bone marrow were of significant pathogenic 

importance. Since mature plasma cells lack CD20, they escaped rituximab treatment but were 

efficiently removed by bortezomib. Subsequently, we aimed to neutralize BAFF by using belimumab 

as maintenance therapy in order to prevent regeneration of autoreactive clones. The effect of 

bortezomib is short-lived and animal data indicate that continuous B cell inhibition is needed to 

achieve sustained plasma cell depletion and renal amelioration [10]. Belimumab is a well-tolerated 

drug and compliance can easily be monitored, but whether belimumab alone is sufficient to prevent 

autoreactive plasmablasts from re-developing from their progenitor memory B cells remains 



uncertain [10⎼12]. In our hands, however, both patients have been in clinical remission since the 

introduction of belimumab. 

 

Conclusion 

We report two SLE cases with severe disease who did not respond to conventional therapies. One or 

two cycles of bortezomib in combination with dexamethasone as induction therapy gave substantial 

effect on both clinical and serological parameters, and maintenance with belimumab has so far been 

well tolerated. Our findings are in line with previous observations [6, 7, 10]. Thus, proteasome 

inhibition constitutes a promising new alternative for patients with refractory lupus. Further 

evaluation in clinical trials is warranted. 
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FIGURE LEGENDS 

 

Figure 1: Laboratory data from Case-1 presented with (A) urine albumin/creatinine ratio (ref. <3.0 

g/mol), plasma creatinine (ref. <90 µmol/L) and SLE disease activity index-2K; (B) antibodies to 

double-stranded (ds) DNA (CLIFT) and plasma albumin (ref. 36⎼45 g/L); (C) complement proteins C3 

(ref. 0.70⎼1.3 g/L) and C4 (ref. 0.13⎼0.32 g/L); (D) immunoglobulin G (ref. 6.7⎼15 g/L), A (ref. 

0.88⎼4.5 g/L) and M (ref. 0.27⎼2.1 g/L); and (E) autoantibodies detected by ‘Addressable Laser Bead 

Immunoassay’: anti-dsDNA (ref. <80 IU/mL), anti-ribosomal P, anti-U1RNP and anti-Sm (ref. <40 

IU/mL). Months indicate time since diagnosis of SLE. The dotted line illustrates time-point of 

bortezomib administration. 

 

Figure 2: Laboratory data from Case-2 presented with (A) urine albumin/creatinine ratio (ref. <3.0 

g/mol), plasma creatinine (ref. <90 µmol/L) and SLE disease activity index-2K; (B) antibodies to 

double-stranded (ds) DNA (CLIFT), antibodies to C1q and plasma albumin (ref. 36⎼45 g/L); (C) 

complement proteins C3 (ref. 0.70⎼1.3 g/L) and C4 (ref. 0.13⎼0.32 g/L); (D) immunoglobulin G (ref. 

6.7⎼15 g/L), A (ref. 0.88⎼4.5 g/L) and M (ref. 0.27⎼2.1 g/L); and (E) autoantibodies detected by 

‘Addressable Laser Bead Immunoassay’: anti-dsDNA (ref. <80 IU/mL), anti-Ro52/TRIM21 (ref. <40 

IU/mL) and anti-Ro60 (ref. <50 IU/mL). Months indicate time since diagnosis of SLE. The dotted lines 

illustrate time-points of bortezomib administration.  

 

Table 1:  

Lymphocyte subsets performed with flow cytometry (indicated by absolute counts and percentage) 

demonstrated for both cases. Arrows indicate time-points of bortezomib administration. 



* Not analysed with high-sensitive B cell panel. Results from regular lymphocyte subset analysis 

shown. 
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