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SUMMARY
Rituximab (375 mg/m2) achieved remission of the first 
episode and six relapses of nephrotic syndrome (NS) 
in a young male patient with podocyte phospholipase 
A2 receptor (PLA2R)- related membranous nephropathy 
(MN) refractory to steroids and cyclosporine. Between- 
treatments interval averaged 17.4±4.2 months. The 
seventh infusion was complicated by delayed serum- 
sickness, which resolved with steroids. On subsequent 
relapse, the fully human anti- CD20 monoclonal antibody 
ofatumumab (300 mg) achieved remission of the NS, 
without significant side effects. Circulating CD19+ B 
cells were depleted, proteinuria decreased from 10.9 
to 1.3 g/day, and serum albumin, immunoglobulin 
levels and glomerular filtration rate normalised. 
Twenty- eight months later, despite transient anti- PLA2R 
depletion, ofatumumab (100 mg) failed to induce 
remission of the eighth relapse. Remission was safely 
achieved 5 months later with repeated ofatumumab 
infusion (300 mg). This treatment (€723) was less 
expensive than rituximab (€1801). Ofatumumab could be 
a safe and cost/effective rescue therapy for patients with 
MN sensitised against rituximab.

BACkgRoUnd
Membranous nephropathy (MN) is the most 
common cause of nephrotic syndrome (NS) in 
adults and affects approximately 8–10 white adults 
per million population per year.1 MN is caused by 
the deposition of immunoglobulins and comple-
ment on the subepithelial layer of the glomerular 
capillary wall, which leads to loss of the glomerular 
sieving function and consequent proteinuria, with 
persistent NS in approximately one- third of affected 
patients.2 NS substantially reduces quality of life, 
exposes patients to an increased risk of serious 
cardiovascular and thromboembolic complications, 
and is almost invariably associated with relentless 
progression to end- stage renal disease.3

Current guidelines recommend that MN patients 
with persistent NS are treated with a combination 
of cyclophosphamide and steroids.4 This treatment 
induces remission of proteinuria in approximately 
two- thirds of patients, but is associated with severe 
complications, including myelotoxicity, infertility, 
diabetes, infections and cancer.5 Calcineurin inhib-
itors, previously considered as a second- line treat-
ment, are scarcely effective and nephrotoxic.6 7

In recent years, the discovery of nephritogenic 
autoantibodies against the podocyte phospholi-
pase A2 receptor (PLA2R) proved that MN is an 
autoimmune disease.8 9 Several groups consistently 
reported that higher autoantibody levels are asso-
ciated with a more severe disease phenotype, and 
depletion of circulating anti- PLA2R precedes remis-
sion. Moreover, autoantibody reappearance into 
the circulation predicts relapse of the NS in patients 
who previously achieved remission.10 11

These findings also provided a clear pathophys-
iological rationale for B cell- targeted interventions 
aimed at preventing the production of nephrito-
genic autoantibodies and the glomerular deposition 
of immunocomplexes,2 which had been successfully 
used even when the nature of these autoantibodies 
was still unknown.12 Treatment with rituximab, an 
anti- CD20 monoclonal antibody that selectively 
depletes B cells, is well- tolerated and achieves 
remission of proteinuria in approximately two- 
thirds of MN patients.13 14 A recent randomised- 
controlled trial confirmed that rituximab induces 
remission more effectively than cyclosporine and 
is remarkably safer.15 Thus, rituximab may be a 
valuable alternative to less specific and more toxic 
medications such as steroid, calcineurin inhibitors 
and alkylating agents for first line therapy of MN 
patients.16

However, approximately one third of patients 
relapse after initial response to rituximab, and 
many experience multiple relapses requiring one 
or more retreatments. After repeated exposures to 
rituximab, these patients may become sensitised to 
the murine portion of the drug, and treatment can 
be complicated by acute or delayed serum- sickness, 
an immune- complex mediated hypersensitivity 
reaction (HSR) that may contraindicate additional 
rituximab infusions.2

CASe pReSenTATion
An 18- year- old man was admitted on January 2003 
to an Italian institution for overt NS. Kidney biopsy 
evaluation was consistent with MN, and the patient 
was treated with steroids and cyclosporine with 
transient reduction of proteinuria. This treatment 
was discontinued due to severe steroid- related side 
effects, and the patient was referred to our unit on 
July 2005.
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Figure 1 Time course of proteinuria and anti- PLA2R antibody levels 
before and after the last four rituximab infusions. Red circles: anti- 
PLA2R levels (RU/mL); blue diamonds: 24 hours proteinuria (g/day); 
red- coloured area: borderline anti- PLA2R range (14–20 RU/mL); blue 
line: proteinuria threshold for partial remission (<3.5 g/day). Time to 
relapse (months) from each infusion is shown above each panel. PLA2R, 
podocyte phospholipase A2 receptor.

On admission, diffuse oedema was evident, but physical 
examination was otherwise unremarkable. Laboratory workup 
confirmed NS (proteinuria 11.8 g/day, serum albumin 2.2 g/dL, 
total serum proteins 4.4 g/dL), and glomerular filtration rate 
(GFR) measured by the iohexol plasma clearance technique17 
was 142.5 mL/min/1.73 m2. Secondary causes of MN were 
excluded, and the patient was treated with a course of ritux-
imab (375 mg/m2).18 The patient received a total of four infu-
sions, which were all well- tolerated and resulted in peripheral 
B- cell depletion (CD19+ <5 cells/μL). Urinary protein excretion 
progressively decreased to 2.7 g/day after 6 months, and clinical 
signs of the NS fully remitted.

During the following months proteinuria increased again to 
the nephrotic range, thus the patient received a second ritux-
imab course (single 375 mg/m2 infusion) in December 2006, 
which resulted again in B- cell depletion and partial remission 
of the NS. Between December 2007 and December 2011 there 
were four additional relapses, which were all treated with single 
infusions of rituximab. Pretreatment urinary protein excretion 
ranged from 3.1 to 14.5 g/day, while measured GFR remained 
stable (115–136 mL/min/1.73 m2). The treatment- free interval 
between each rituximab dose averaged 17.4±4.2 months. 
Therapy was generally well- tolerated, with occasional minor 
adverse events reported, including flushes and mild skin rashes 
during infusions that promptly resolved with temporary inter-
ruption of the infusion and/or steroid administration.

In December 2013 the patient experienced a new NS relapse 
associated with the emergence into the circulation of anti- PLA2R 
antibodies that could be detected through a commercially avail-
able assay (67.66 RU/mL—anti- PLA2R IgG ELISA, Euroimmun 
AG, Germany). A seventh course of rituximab was scheduled, 
but treatment was complicated by severe pruritus, cutaneous 
rash and hoarseness, which regressed with intravenous hydro-
cortisone and temporary interruption of the infusion. Rituximab 
administration was completed and the patient was discharged 
the next day. However, approximately 1 week later, he reported 
the onset of severe fatigue, fever and arthralgias, which recov-
ered after treatment with low- dose oral steroids. Rituximab 
induced again partial remission of the NS and anti- PLA2R levels 
decreased below the positivity threshold (figure 1). Nevertheless, 

approximately 8 months after achieving remission, proteinuria 
increased again along with anti- PLA2R titres, serum albumin 
decreased to 2.0 g/dL and renal function started deteriorating 
(measured GFR 67.4 mL/min/1.73 m2). During this period, the 
patient had symptoms of worsening fatigue and malaise that 
severely limited his daily activities. Outcome was also compli-
cated by recurrent respiratory tract infections requiring antibi-
otic therapy.

diFFeRenTiAl diAgnoSiS
In the context of autoimmune diseases, the most common 
adverse effects due to rituximab administration are infusion 
reactions that range from flushing, chills and fever, to dyspnoea, 
vomiting and syncope. In most cases, however, these effects are 
not serious and resolve with temporary interruption of the infu-
sion.13 Infusion reactions are due to cytokine release (eg, tumor 
necrosis factor alpha (TNFα), interleukin 6 (IL-6) and IL-1β) 
from target cells, occur more frequently during the first ritux-
imab administration and can be usually prevented or mitigated 
by premedication with steroids and anti- histamine drugs.19

On the other hand, HSRs to rituximab imply an immune 
response towards the monoclonal antibody and can be classi-
fied according to their pathogenesis: type I anaphylactoid HSRs 
are associated with the release of mediators from mast cells and 
basophils (eg, histamine and prostaglandin) in response to IgE- 
induced FCε receptor engagement and cross- linking.20 These 
reactions are usually acute and may cause mild symptoms such 
as pruritus and urticaria, but could also precipitate potentially 
life- threatening complications such as laryngeal oedema and 
anaphylaxis.21

Type III reactions are instead caused by the formation of IgG/
IgM antibodies that target the murine portion of rituximab 
(human anti- chimeric antibodies (HACA)), leading to immune- 
complex formation. Tissue deposition of immune- complexes 
may result in serum- sickness, a well- known complication of 
repeated rituximab infusions characterised by fever, arthralgia 
and rash.22 23 These symptoms may become evident as early 
as a few hours after rituximab administration (acute serum- 
sickness), but more often arise 1–2 weeks following drug expo-
sure (delayed serum- sickness).24 Despite their relevance in the 
pathogenesis of these reactions, HACA are detected in 60% of 
patients only,23 and are more frequently observed in acute than 
in delayed serum- sickness cases.24

Our patient had received six rituximab courses that were 
either uneventful or were occasionally associated with mild 
infusional symptoms. These symptoms most likely reflected 
cytokine- induced infusion reactions, which were prevented or 
blunted by premedication. The reaction to the seventh infusion 
was different: aside from immediate symptoms, the delayed 
reaction after approximately 1 week from treatment was consis-
tent with serum- sickness.

TReATMenT
Since the occurrence of serum- sickness after treatment with 
rituximab significantly increases the risk of severe adverse events 
on drug re- exposure,19 25 we decided not to repeat the previous 
treatment schedule.

After discussing with the patient the potential benefits and 
risks of treatment alternatives, we decided not to use steroids 
and cyclophosphamide because of the associated risk of severe 
side- effects.5 6 Indeed, the risk of infertility was one of the deci-
sive factors for this young patient, who referred the desire of 
having children in the future. We also decided not to re- expose 
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Figure 2 Time course of proteinuria and anti- PLA2R antibody 
levels before and after treatment with ofatumumab. Red circles: anti- 
PLA2R levels (RU/mL); blue diamonds: 24 hours proteinuria (g/day); 
red- coloured area: borderline anti- PLA2R range (14–20 RU/mL); blue 
line: proteinuria threshold for partial remission (<3.5 g/day). Time to 
relapse (months) from each infusion is shown above each panel. PLA2R, 
podocyte phospholipase A2 receptor.

Table 1 B cell- targeted treatment for glomerular diseases with NS: protocols, schedules and costs

Regimen dose Schedule Costs*

Four- doses rituximab course in MN12 375 mg/m2 Doses 1 week apart (four in total) €7.202–€5.762†

Two- doses rituximab course in MN
(GEMRITUX trial)27

375 mg/m2 Doses 1 week apart (two in total) €3.601–€2.881†

Two/four- doses rituximab course in MN
(MENTOR trial)15

1000 mg Dose every other week, with two additional identical 
doses at 6 months in case of partial response (four 
in total)

€11.102–€8.881†

B cell- driven rituximab course in MN18 375 mg/m2 One single dose, B cell- driven‡ €1.801–€1.440†

Ofatumumab in steroid- resistant NS32 300 mg/1.73 m2–2000 mg/1.73 m2 One 300 mg/1.73 m2 dose for the first week, followed 
by 1 weekly 2000 mg/1.73 m2 dose for 5 weeks (total 
six doses)

€24.823

Ofatumumab in rituximab- resistant NS35 300 mg/1.73 m2–700 mg/1.73 m2 One 300 mg/1.73 m2 dose, followed by one 
700 mg/1.73 m2 dose 2 weeks apart

€2.410

Ofatumumab in rituximab- intolerant NS34 750 mg/1.73 m2 One single 750 mg/1.73 m2 dose €1.808

Ofatumumab in rituximab- intolerant NS33 300 mg/m2 One single 300 mg/m2 dose €1.251

B cell- driven ofatumumab course in 
rituximab- intolerant MN (current case)

300 mg One single 300 mg dose, B cell- driven‡ €723

*In an average adult patient (1.73 m2 body surface area); cost calculations refer to ex- factory prices (before taxes), as reported by AIFA (Azienda Italiana del Farmaco, Italy).
†From rituximab originator to biosimilar approval.
‡A second 375 mg/m2 dose of rituximab or a second 300 mg dose of ofatumumab are administered 1 week apart only if >5 circulating B cells per mm3 persist after the first infusion.
MN, membranous nephropathy; NS, nephrotic syndrome.

the patient to cyclosporine, which had been ineffective at disease 
onset and, more in general, is scarcely effective and nephro-
toxic.6 7 Moreover, no data are available on the efficacy of these 
agents as second- line therapy in MN patients.

Thus, on September 2015 the patient was treated with 300 mg 
of the fully human anti- CD20 monoclonal antibody ofatumumab 
after premedication with hydrocortisone and chlorphenamine. 
The infusion was associated with mild flushing, which promptly 
resolved with supplementary steroids. Circulating CD19+ B cells 
were fully depleted and the patient was discharged the day after 
the infusion.

oUTCoMe And Follow-Up
Over the next 3 months, we observed a rapid reduction of anti- 
PLA2R antibody levels up to full depletion from the circula-
tion (figure 2), which was associated with partial NS remission 

(proteinuria 1.33 g/day). Consistently, at 9 months from treat-
ment, urinary IgG excretion decreased from 220.5 to 49.4 mg/
day, while serum albumin and IgG concentration increased from 
2.0 to 3.1 g/dL and from 260 to 564 mg/dL, respectively. GFR 
(118.2 mL/min/1.73 m2) fully recovered at 6 months from the 
infusion and stabilised thereafter.

During follow- up, serum anti- PLA2R antibodies were 
persistently depleted and proteinuria remained below the 
partial remission threshold. The patient referred a fast, remark-
able improvement in NS- associated symptoms and resumed his 
normal daily activities as early as 2 weeks after the infusion. No 
respiratory tract infection was reported any longer.

After more than 2 years from the first ofatumumab infu-
sion, serum anti- PLA2R levels increased (67.9 RU/mL) and NS 
relapsed. In order to limit drug exposure and owing to evidence 
of efficacy with reduced ofatumumab doses in other cases,26 we 
treated this patient with 100 mg of ofatumumab. This regimen 
determined a complete depletion of peripheral CD19+ B cells 
and reduced circulating autoantibodies below the positivity 
threshold. Antibody levels however increased again up to 70.2 
RU/mL and no effect could be detected on proteinuria during the 
next 5 months. Since immunological remission was not sustained, 
we decided to retreat the patient with 300 mg of ofatumumab, 
achieving again anti- PLA2R depletion and persistent remission 
of proteinuria without any acute or delayed reaction. Approxi-
mately 1 year later, the patient experienced a viral enteritis with 
high- grade fever; serum anti- PLA2R levels began to increase and 
nephrotic range proteinuria relapsed again (figure 2). Due to 
worsening symptoms, we decided to treat the patient again with 
a single infusion of ofatumumab (300 mg), which induced partial 
remission of proteinuria as early as 1 month after treatment. 
The time between ofatumumab infusions (excluding retreatment 
after the 100 mg infusion) was on average 20.5±10.6 months. 
The patient is currently well, without oedema and with normal 
GFR.

diSCUSSion
We herein describe the case of an adult patient with multire-
lapsing MN requiring repeated rituximab infusions, who 
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patient’s perspective

We report below a brief patient interview, which was conducted 
to gain his perspective on the disease and treatment.
Q: How did you feel when your disease relapsed after the last 
rituximab infusion?
A: My face and leg swelling was unacceptable; I also had chronic 
fatigue, which was obscure to me for my age and I often had 
bronchitis in that period. I felt sick. This also had a significant 
impact on my job, since I was unable to work for more than 
two hours consecutively. I was depressed. I had the impression 
that rituximab was not working as well as after the previous 
infusions.
Q: What was your reaction when your doctors told you that some 
of your symptoms such as weakness, articular pain and fever 
could be caused by rituximab and therefore rituximab could not 
be used any longer to treat your relapses?
A: I was terrified because I thought no other treatment would 
be available. My doctors told me about cyclophosphamide, but 
that option was off the table for me, especially because I did not 
want to risk not being able to have children in the future. I was 
worried about my fate, because I was afraid I would not ever 
get rid of the disease again. I started to think that I would have 
ended up on dialysis.
Q: And what was your reaction when your doctors told you that 
ofatumumab could be used in alternative to rituximab?
A: Initially I was disoriented because I had been told that this 
drug had never been used in patients with my disease. On the 
other hand I was enthusiastic, since I realized that there were 
other options, and that I could still hope to recover and go back 
to my daily life. When my doctors reassured me that this was 
a safe drug and that they would have carefully managed any 
possible reaction, I trusted them and decided to accept the new 
treatment.
Q: How would you describe your experience with ofatumumab?
A: When they put the needle in my arm I was terribly anxious. 
But nothing serious happened during the infusion. I took heart 
again and started to think that I had taken the right decision. 
I almost immediately felt better, even before my proteinuria 
started to decrease. All the symptoms related to my disease 
gradually disappeared and I did not have fever or pain to my 
fingers and joints such as after the last dose of rituximab. I 
restarted working and having fun with my friends very soon after 
the infusion.
Q: How do you feel now?
A: My job and my two kids keep me busy! I know my disease 
may relapse again in the future, but now I feel like I have 
another chance to have a normal life.

eventually developed delayed serum- sickness after the seventh, 
last exposure to this chimeric monoclonal antibody. Rescue treat-
ment with the fully human anti- CD20 antibody ofatumumab 
was well tolerated, achieved antibody depletion and induced 
persistent remission of the NS for approximately 2 years. On 
relapse, retreatment with ofatumumab was uneventful and again 
effective in inducing disease remission. Notably, the time interval 
between treatments was similar for ofatumumab and rituximab 
(20.5±10.6 and 17.4±4.2 months, respectively). Within the 
limitations of intrapatient comparisons in the context of a single 
case report, these findings suggest that ofatumumab could be 
effective and safe in patients with MN who become intolerant to 
rituximab, and that its protective effect against relapse of the NS 
appears to be at least comparable to that of rituximab.

Several regimens of rituximab infusions have been described 
for the treatment of patients with MN. The original protocol 
employed 4 weekly doses, 375 mg/m2 each,12 but other strategies 
include two doses (either 375 mg/m2 or 1000 mg) administered 
every 1–2 weeks with or without a booster dose at 6 months.15 27 28

In our experience with MN patients, we observed that circu-
lating B cells are fully depleted in most cases (>95%) after a 
single dose of rituximab (375 mg/m2). These observations ques-
tioned the indication to additional drug doses, which were 
expected not to confer additional benefit, expose patients to 
the risk of adverse effects and/or sensitisation, and to unnec-
essarily increase treatment costs. Consistently, in a prospective 
1:2 matched- cohort study comparing the risk/benefit profile of 
the standard rituximab treatment (four 375 mg/m2 doses 1 week 
apart) with a B cell- driven rituximab protocol (a second dose 
was administered only if peripheral CD19+ B cells were >5/
μL after the first infusion) in 36 patients with MN and NS, 
we found that only one patient allocated to the B cell- driven 
protocol required a second dose of the drug, and that both strat-
egies promptly and persistently depleted circulating B cells in all 
patients, achieving a similar reduction in proteinuria over time.18 
On the other hand, adverse events and hospitalisations were less 
frequent with the B cell- driven approach, which was also four-
fold less expensive (table 1).

Ofatumumab has been approved by both the US Food and Drug 
Administration and the European Medicines Agency for the treat-
ment of chronic lymphocytic leukaemia, but has shown efficacy 
also in autoimmune diseases such as rheumatoid arthritis and auto-
immune thrombotic thrombocytopenic purpura, especially when 
rituximab was contraindicated due to anaphylaxis.29–31

In the context of idiopathic NS (minimal change disease and 
focal segmental glomerulosclerosis), rescue therapy with ofatu-
mumab was well tolerated and induced disease remission both in 
patients who were resistant to rituximab and in those who expe-
rienced anaphylaxis or delayed HSRs after repeated exposures to 
this chimeric drug.32–35 In these series, both single and multiple 
ofatumumab infusions were effective in inducing remission of the 
NS.

Indeed, standard ofatumumab treatment includes a first 
300 mg dose followed by five 2000 mg doses 1 week apart from 
each other. However, we observed that, as previously reported 
for rituximab,18 B cells were fully depleted from the circulation 
within 1 week from the infusion of 300 mg of ofatumumab (P 
Ruggenenti, 2016 - personal communication). Thus, we decided 
to use a B cell- driven approach for ofatumumab treatment in 
our patient. Complete B- cell and anti- PLA2R depletion from the 
circulation was achieved after the first infusion in all relapses, 
but they were sustained over the following months only with the 
higher (ie, 300 mg) drug dose. We speculate that, in this patient, 
a lower ofatumumab dose (ie, 100 mg), although effective in 

inducing peripheral B cells lysis, may have not been sufficient 
to deplete autoreactive B cells in secondary lymphoid organs, 
leading to early B- cell reconstitution at 3 months from treat-
ment, and possibly explaining the lack of sustained immunolog-
ical remission.36 37 Of note, the use of a B cell driven protocol for 
ofatumumab (300 mg) resulted in further decrease in treatment 
costs as compared with the B cell- driven rituximab treatment 
protocol, even when the reduced cost of rituximab biosimilars 
was taken into account (table 1).

In summary, we provide the first, pilot evidence that ofatu-
mumab rescue therapy may be safe and effective also for patients 
with MN in whom retreatment with rituximab is contraindicated 
due to drug- related HSRs. Should our pilot findings be confirmed 
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learning points

 ► Patients with membranous nephropathy (MN) and persistent 
nephrotic syndrome (NS) are at risk of progression 
to end stage renal disease, as well as cardiovascular, 
thromboembolic and infectious complications.

 ► B- cell targeted therapy with the anti-CD20 monoclonal 
antibody rituximab is safe and achieves remission of 
proteinuria in approximately two-thirds of patients with MN. 
In those with podocyte phospholipase A2 receptor (PLA2R)-
related disease, remission can be predicted by anti-PLA2R 
antibody depletion and relapse by antibody re-emergence 
into the circulation.

 ► After initial remission, some patients may experience one or 
more relapses of NS and thus require retreatment. Repeated 
treatment with rituximab may increase the risk of developing 
serum sickness, which is a relative contraindication to further 
exposure to the drug.

 ► The fully human anti- CD20 monoclonal antibody ofatumumab 
was safe and achieved NS remission in a rituximab- intolerant 
patient with MN.

 ► If confirmed, our preliminary findings may indicate that 
ofatumumab could be a valuable alternative to rituximab 
for the treatment of patients with MN and NS because of its 
better risk/benefit and cost/effectiveness profile.

in larger patient series, ofatumumab might emerge as a valuable 
alternative to rituximab because of its better risk/benefit and cost/
effectiveness profile for the treatment of patients with MN and NS.
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