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Abstract

Idiopathic membranous nephropathy is the most common cause of nephrotic syndrome in
nondiabetic adults. The antibody most often implicated is the M-type phospholipase A2 receptor
(PLA,R) antibody, found in >70% of primary membranous nephropathy cases. First-line therapy
is immunosuppressive in nature, but for patients who are treatment-resistant there is a significant
risk of end-stage renal disease (ESRD) and mortality. Hypercholesterolemia is not only a side
effect of nephrotic syndrome, but its presence may worsen renal function. A recent single-arm
observational study in Japan found that low-density lipoprotein apheresis (LDL-A) was able to
ameliorate nephrotic syndrome in half of patients who were resistant to medication. We present a
case of treatment resistant PLA,R negative membranous nephropathy who had significant
improvement following two courses of LDL apheresis. To our knowledge, this is the first such
reported case in the United States.
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Introduction

Idiopathic membranous nephropathy is the most common cause of nephrotic syndrome in
nondiabetic adults.! The etiology of this disease is best conceptualized as an autoimmune
disorder. The majority (>70%) of cases of primary membranous nephropathy (MN) are
associated with autoantibodies against the podocyte antigen M-type phospholipase A2
receptor (PLA2R) on the podocyte that activates complement.? This leads to extracellular
matrix accumulation of collagen in the subepithelial aspect of the glomerular basement
membrane.3 The nonselective proteinuria found is due to complement stimulation of
podocyte production of proteases, oxidants and cytokines that lead to disruption of the
functional integrity of the slit diaphragm protein.# These changes can be visualized on
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electron microscopy of a renal biopsy. A diffuse granular pattern of 1gG deposition along the
basement membrane sparing the mesangium is characteristic.

PLAZR antibodies are predominantly of the 1gG4 class, and titers can be used to assess
disease activity and monitor disease response.® Other antibodies associated with this
disorder include the thrombospondin type-1 domain-containing 7A (THSD7A) antibody
which is found in 8-14% of patients and neutral endopeptidase (NEP) antibody which is
found in neonates.8

The natural history of the disorder is highly variable. The long term outcome of patients who
achieve partial or complete remission is excellent. With angiotensin-converting enzyme
(ACE) inhibition or angiotensin Il receptor blocker (ARB) treatment alone, one study found
70% of patients experienced a spontaneous partial remission.” However, this may take
several months to years to occur. If treatment is delayed, the patient is exposed to the
complications of nephrotic syndrome such as increased infection risk, edema and
thrombosis. In addition, those patients who are treatment-resistant and have persistence of
nephrotic range proteinuria have an 11% mortality risk and a 50% risk of ESRD.

A recent single arm observational study (POLARIS) (N=44) found that LDL apheresis was
able to ameliorate nephrotic syndrome in half of patients who were found to be drug
resistant. Those patients who experienced disease remission continued to have a favorable
outcome after 2 years of follow up.8 In this study, decreased urinary protein levels after
treatment was most significantly correlated with a favorable two year outcome. Interestingly,
the number of LDL apheresis procedures, age, sex, BMI and whether this was a primary
Versus recurrent case were not significantly correlated with remission.

Case report

A 49-year-old Caucasian female presented to an outside institution in 2015 with pedal
edema (3+), approximately 7 kilograms above her baseline weight, with low serum albumin
(2.3 g/dL) and proteinuria, with urine protein creatinine ratio (PCR) 9.043 mg/mg. At initial
presentation to our institution, urine protein was 2084 mg/dL, and PCR was 8.27 mg/mg.
Renal biopsy revealed membranous glomerulonephritis, early stage 2, associated with focal,
minimal interstitial fibrosis and mild vascular sclerosis, negative for immune complex
deposition; PLA2R antibodies were negative on immunofluorescence and in peripheral
blood. Workup for secondary causes for membranous nephropathy revealed intermittently
positive dsDNA (high titer) and ANA, but the patient did not meet criteria for systemic lupus
erythematosus or dermatomyositis at the time. CT chest, abdomen and pelvis, colonoscopy,
and mammogram with subsequent breast biopsy were negative for malignancy. There were
no signs of infection. Additionally none of the patient’s medications had been implicated in
nephrotic syndrome.

One of the established sequelae of nephrotic syndrome is increased risk of
thromboembolism. The incidence of thromboembolism has been reported as affecting
approximately a quarter of adults with nephrotic syndrome.? Interestingly, this patient had a
history of bilateral pulmonary emboli, and three previous miscarriages before manifestation
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of nephrotic syndrome symptoms. The comprehensive thrombophilia workup that followed
was negative. The patient was subsequently placed on enoxaparin for anticoagulation and
then transitioned to rivaroxaban as an outpatient.

Clinical Course

Initial medical management included induction and maintenance rituximab and
cyclosporine, high dose dexamethasone, and subsequently a trial of cyclophosphamide and
prednisone. Despite reaching maximal doses of immunosuppressive therapy after 8 months,
significant proteinuria persisted (PCR 12.625 mg/mg) (Figure 1). Due to the patient’s
limited response to treatment, and significant hyperlipidemia, the treating nephrology team
requested a trial of LDL apheresis using the Kaneka (Liposorber) system. At the time of
consultation, the patient’s total cholesterol was 771 mg/dL, triglycerides 1777 mg/dL; LDL
levels exceeded the analytic capacity of the assay. LDL particles were predominantly small-
sized 19.5 nm (normal 19.7-21.9 nm). PCR was 6.206 mg/mg prior to starting LDL
apheresis. In the absence of consensus regarding the optimum timing of LDL-A in this
clinical setting, we decided to initiate weekly LDL apheresis, with a plan to re-evaluate
clinical and laboratory parameters of response after 6 weeks. For each procedure, 3000 mL
of plasma (2 plasma volumes) were treated.

At the end of the first course of LDL apheresis, the patient reported symptomatic
improvement; edema was reduced to +1 to trace in the peripheral extremities. Her physicians
were able to lower her dose of cyclophosphamide and taper her dose of prednisone, leading
to decreased treatment-related side effects. A second course of 5 weekly LDL-A procedures
was requested 7 weeks later due to persistent hyperlipidemia. At the conclusion of the
second course, her proteinuria had significantly decreased (PCR 0.442 mg/mg); 21 days post
the last apheresis procedure, PCR rebounded to 3.028 mg/mg, but stabilized over the next
several months on continued immunosuppression (Table I). She subsequently developed
arthralgia and joint stiffness affecting her hands; on re-evaluation by rheumatology in
December 2017 she was diagnosed with SLE, and started on Plaguenil with addition of
Mycophenolate Mofetil in March 2018. At 21 months post her last LDL apheresis,
proteinuria improved and stabilized (PCR 0.529 mg/mg), and renal function (eGFR 96
mL/min/1.73 m2) and serum albumin (4.3 g/dL) have returned to baseline.

Discussion

The proposed therapeutic mechanism of LDL apheresis in this setting is that it alleviates the
tissue toxicity of persistent dyslipidemia in this disease while leaving plasma proteins intact.
Elevated cholesterol is not only a side effect of nephrotic syndrome but its presence may
worsen renal function.19 During hyperlipidemia, LDL accumulates in the matrix and
becomes oxidized. Scavenger receptors on mesangial cells and monocyte-macrophages will
take these up thus inducing localized inflammation and tissue injury.1! In a prospective
cohort trial of initially healthy men, a high ratio of total cholesterol/HDL was significantly
associated with an increased risk of renal dysfunction.? In LDL-A using a dextran sulfate
column (Liposorber, Kaneka) no HDL is absorbed. In addition, amelioration of the
dyslipidemia may affect sensitivity to drug treatment. It is hypothesized that LDL-A
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improves immunosuppressive drug sensitivity by removing dyslipidemia- triggered
Cyclosporine receptor downgrading.13

In Japan, national health insurance has covered LDL-A for nephrotic syndrome patients
resistant to conventional therapy since 1993. An analysis of retrospective trials found that
LDL-A has been effective in inducing remission in nearly 50% of patients with refractory
nephrotic syndrome.13 Early results from the POLARIS study suggested that the time to
treatment initiation may matter; treatment started within 8 weeks of nephrotic syndrome
diagnosis was more effective than LDL-A treatment started after 8 weeks.1# The benefit of
LDL-A in treatment of refractory nephrotic syndrome has been shown primarily in focal and
segmental glomerulosclerosis (FSGS); there are few reports of response in patients with
minimal change and membranous nephropathy (Table I1). In view of these studies, the FDA
recently expanded the indication for the Liposorber LA-15 system to include adult patients
with nephrotic syndrome due to primary FSGS unresponsive to standard treatment.1® There
is a paucity of literature describing the short and long-term efficacy of this treatment
modality in patients with refractory membranous nephropathy. Anti-PLAZ2R is largely
negative in patients with secondary causes of MN, including SLE, which was eventually
diagnosed in our patient. To our knowledge, there are no specific reports on the use of LDL-
A in anti-PLAZ2R positive idiopathic MN.

Conclusion

We report a case of treatment resistant PLA,R negative MN with persistent clinical
improvement 21 months after LDL apheresis. We propose that LDL-A is a potential
therapeutic option for refractory MN and contributes to the literature describing the long-
term usefulness of LDL-A for this unusual indication.
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Figure 1.
Trend of protein:creatinine ratio over the course of treatment regimes.
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Laboratory Parameters Pre-Apheresis (first course) | Post-Apheresis (first course) | Pre-Apheresis (second course) | Post-Apheresis (second cour se)
Serum albumin (g/dL) 31 33 3.0 3.7
eGFR (mL/min/1.73 m?) 79 77 81 83
Total Cholesterol (mg/dL) 553 244 409 153
HDL (mg/dL) 60 56 59 59
Triglycerides (mg/dL) 1063 990 481 234
Albumin Creatinine Ratio 4792 1927 6475 262.2
(mg/g)

Protein Creatinine Ratio 6.206 2.794 1.855 0.442
(mg/mg)

Apolipoprotein B100 (mg/dL) 291 100 212 63
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Studies reporting clinical efficacy of LDL apheresis for treatment-resistant nephrotic syndrome.

Group Study Design Method Results
(Muso et al. Retrospective (Japan) 8 patients with steroid resistant 4 patients achieved full remission, one patient
1994)16 nephrotic syndrome received a mean of | had partial remission
7 LDL-A treatments
(Muso et al. Prospective (Japan) 17 patients with steroid resistant The time needed to achieve less than nephrotic
2001)Y7 nephrotic syndrome due to FSGS range proteinuria was significantly shorter in the

underwent LDL-A, compared to 10
nephrotic patients treated with steroids
only

LDL-A group

(Yoshizawa et al.
2003)18

Case series (Japan)

6 patients with steroid resistant
nephrotic syndrome received an
average of 11 LDL-A treatments

4 patients achieved complete remission and one
achieved a type one incomplete remission

(Muso et al. Retrospective (Japan) 41 patients with nephrotic syndrome 29 patients with outcomes determined at 2 years
2007)19 whose short-term outcomes with LDL- were analyzed. 62% of them were classified into
A were reported from 1999-2004 complete remission or type 1 incomplete
remission
(Muso et al. Multicenter prospective 44 patients with drug resistant More than half of the patients showed remission
2015)14 study (Japan) nephrotic syndrome were treated with of NS based on the urinary protein level at the

LDL-A

completion of LDL-A. Demonstrated LDL-A
short efficacy for drug resistant nephrotic
syndrome
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