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A B S T R A C T   

Membranous nephropathy (MN) is an uncommon renal presentation in patients with chronic lymphocytic leu
kemia (CLL), and as such, there is no standard therapy for these patients. A few cases of MN in CLL have been 
described with varying success in MN treatment involving alkylating agents and fludarabine. Here we report the 
first case of MN in a patient with CLL treated with ibrutinib with complete renal response. This presentation 
underlines the importance of recognizing rare glomerular diseases that may occur with CLL and offers a new 
therapeutic avenue to the treatment of CLL-associated MN.   

1. Background 

Chronic lymphocytic leukemia (CLL), the most common leukemia in 
adults in Western countries, is due to an expansion of monoclonal CD5+

B-lymphocytes in the blood, bone marrow, and secondary lymphoid 
organs (lymph nodes, spleen) [1–3]. Early-stage CLL patients often are 
asymptomatic and extramedullary manifestations are rare [2]. 
Auto-immune complications in CLL patients typically target hemato
poietic cells, presenting as autoimmune hemolysis or immune throm
bocytopenia (ITP). While CLL infiltration can be detected in the kidneys 
in up to 90% of autopsy cases, an association between CLL and para
neoplastic glomerular diseases is rare. Nonetheless, approximately 2% 
of CLL patients can develop nephrotic syndrome [1,4]. A spectrum of 
CLL-associated paraneoplastic glomerular diseases have been reported, 
with membranoproliferative glomerulonephritis (MPGN) being the most 
common pathological finding [2,28]. Membranous nephropathy (MN), 
however, is rarely associated with CLL. MN is an autoimmune disease 
that classically presents with a nephrotic syndrome, i.e. proteinuria, 
hypoalbuminemia, and hyperlipidemia. It can develop as either a pri
mary (idiopathic) or as a secondary condition. Secondary MN has been 
associated with medications, infections, autoimmune diseases, and 
malignancies. Between 5% to 20% of adult patients diagnosed with MN 
have a paraneoplastic condition associated typically with a solid tumor. 

In contrast, MN is infrequently associated with hematologic malig
nancies, such as CLL. 

A few cases of MN in CLL have been described with varying success in 
MN treatment. Ibrutinib, a Bruton tyrosine kinase (BTK) inhibitor, is an 
approved standard CLL therapy in the first-line as well as in the relapsed 
and refractory disease settings. Ibrutinib’s efficacy in CLL-associated MN 
is unknown. We present the first case of MN responsive to ibrutinib 
therapy in a patient with CLL. 

2. Case presentation 

A 63-year-old male with a recent diagnosis of early stage CLL (RAI 
stage 0) presented to MD Anderson Cancer Center for a second opinion. 
Prior to his CLL diagnosis, he had complaints of fatigue, weight loss, and 
worsening edema of his lower extremities. Evaluation for deep venous 
thrombosis was negative; however, laboratory results revealed a slightly 
elevated white blood cell count with lymphocytosis, and flow cytometry 
was diagnostic for CLL, demonstrating a CD5+ monoclonal B-cell pop
ulation. Prognostic factor testing revealed mutated IGHV status, trisomy 
12 and deletion of 13q detected by fluorescence in situ hybridization 
(FISH). Due to worsening edema, renal impairment, and concern for 
nephrotic syndrome, the patient was referred to nephrology. 

The patient’s physical examination revealed 3+ bilateral pitting 
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lower extremity edema to mid-thigh and periorbital edema. Biochemical 
results were as followed: serum creatinine (Cr) 1.38 mg/dl (baseline 
1.20 mg/dl), albumin 2.4 g/dl, white blood cell 13.7 K/uL with 
abnormal lymphocyte percent of 44, and normal platelet 169 K/uL and 
lactate dehydrogenase 220 U/L. Urinalysis revealed 11–25 red blood 
cells per high power field and 24 h urinary protein excretion was 17.9 g. 
No monoclonal peak was demonstrated in either serum or urine elec
trophoresis, or by immunofixation. The following serologies were 
negative: antinuclear antibody, rheumatoid factor, anti-glomerular 
basement membrane, myeloperoxidase and proteinase 3 antibody, 
hepatitis B, hepatitis C, and HIV. 

Due to the broad differential diagnosis including MPGN, minimal 
change disease, MN, focal segmental glomerulosclerosis, amongst other 
glomerular pathologies, a percutaneous renal biopsy was performed 
revealing a diagnosis of membranous nephropathy. Light microscopy 
revealed thickened glomerular capillaries with pathognomonic pits and 
spikes on Jones methenamine silver stain (Fig. 1A and B). Monotypic 
CLL cell infiltration was not seen in the renal interstitium. By electron 
microscopy, glomerular basement membranes (GBM) measured over 
1000 nm (normal adult male average = 230–430 nm) with subepithelial 
immune complex-type electron-dense deposits and mesangial deposits 
(Fig. 1C and D). Indirect immunofluorescence staining for phospholi
pase A2 receptor (PLA2R), a marker of primary or idiopathic MN, was 
negative. The presence of mesangial deposits and negative PLA2R stain 
favored secondary membranous glomerulopathy. 

Due to the concern that his MN was a paraneoplastic complication 
associated with his recent diagnosis of CLL, treatment with prednisone 
and ibrutinib was discussed and agreed on. He was also started on low- 
dose furosemide and an angiotensin converting enzyme inhibitor. Labs 
the following week revealed an improved serum Cr of 1.25 mg/dl (Cr 
peak 1.38 mg/dl and Cr baseline 1.20 mg/dl) decreased urinary protein 
excretion to 5.7 g on a spot urine protein/creatinine ratio (from 17.9 g 
from initial 24 h urine protein collection). A month later, the prednisone 
was completely tapered and the BTK inhibitor was stopped due to 
gastrointestinal side effects. The spot urine protein/creatinine ratio 
temporarily increased to 6.6 g and the creatinine rose to 1.40 mg/dL, but 
the complete blood count remained normal. The proteinuria subse
quently decreased progressively and the creatinine improved to 1.10 
mg/dl. After 10 months of follow-up, the serum creatinine recovered to 

baseline, the serum albumin level improved to 3.2 g/dL from 2.4 g/dL 
with a spot urine protein/creatinine ratio of 0.66 g (Table 1). The CLL 
was also noted to be inactive. 

3. Discussion 

CLL is recognized as the most common leukemia in adults [3], par
aneoplastic glomerular kidney pathologies associated with CLL are rare. 
We report the first case of suspected paraneoplastic MN in a patient with 
CLL that responded to ibrutinib therapy. Consensus guidelines of the 
International Workshop on Chronic Lymphocytic Leukemia suggest that 
CLL should be treated when it is progressive or symptomatic. Kidney 
involvement is among the criteria used to define active disease and 
justifies to initiate treatment [5]. Although our patient had early stage 
CLL he had active kidney disease, presumably CLL-related, necessitating 
CLL therapy. A diverse spectrum of glomerular renal lesions have been 
described in patients with CLL and nephrotic syndrome including 
MPGN, minimal change disease, and MN [6,7]. Other more rare para
neoplastic pathologies described with CLL include: amyloidosis, 
immunotactoid glomerulopathy, proliferative glomerulonephritis with 
cryoglobulinemia, light chain deposition disease, C3 glomerulone
phritis, fibrillary glomerulonephritis, focal segmental glomerulo
sclerosis, focal crescentic pauci-immune glomerulonephritis and light 
chain cast nephropathy [2,7-12]. A renal biopsy was obtained for 
definitive diagnosis which assisted in his clinical treatment plan and 
expectations of renal response. 

Fig. 1. Renal histology. (A) Periodic acid-Schiff (PAS) stain shows mild to moderate mesangial matrix expansion and thick glomerular basement membranes. (B) 
Jones silver stain demonstrating basement membrane spikes. (C) Immunofluorescence staining reveals diffuse granular immunoglobulin G (IgG) capillary wall 
deposits and (D) C3 capillary deposits. (E) Electron micrograph images show numerous subepithelial electron dense deposits with expansion of glomerular basement 
membranes and (F) expansion of mesangial matrix with abundant mesangial deposits. 

Table 1 
Pre-treatment and post-treatment laboratory values.   

Initial work- 
up 

10 months post- 
treatment 

Creatinine (mg/dl) 1.38 1.10 
24 h urinary protein excretion (g/ 

24 h) 
17.9 —- 

Spot urine protein/creatinine ratio 
(g) 

—- 0.66 

White blood cell (K/ul) 13.7 8.8 
Lymphocyte percentage 44.0 27.3 
Albumin (g/dl) 2.4 3.2  
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The renal biopsy revealed MN which was presumed to be associated 
with his recent diagnosis of CLL. The characteristic mesangial deposits 
that are only seen in secondary MN cases strengthened the association 
[13]. Currently the pathogenesis of MN in CLL remains incompletely 
understood. Several hypothesis have been proposed to explain the 
development of immune complex deposition in relation to what is 
known about CLL and immune dysregulation [1,4,7,8,11,14-20]. One 
proposed mechanism is directly attributed to leukemic cells acting as 

effector cells producing autoantibodies that can recognize podocytes 
expressed proteins, resulting in complement activation and formation of 
immune complexes [21,1,14]. Another proposed mechanism is associ
ated with the production of nephrotoxic monoclonal immunoglobulins 
by malignant B lymphocytes triggering complement activation and im
mune complex formation [7,9,11,18]. Although monoclonal immuno
globulin in serum or urine electrophoresis is generally absent, it is 
possible that a concentration of immunoglobulin could be below the 

Table 2 
Case reports of CLL and membranous nephropathy.  

Case 
no 

Ref Age/ 
sex 

Cr 
(mg/ 
dL) 

Proteinuria 
(g/24 h) 

Monoclonal 
protein 

C3/C4 LM IF EM Treatment Renal 
outcome 

CLL 
outcome 

1 [25] 64/ 
M 

NA NA NA NA MN NA NA CBL PR NA 

2 [14] 61/ 
M 

NA NA None NA MN IgG, 
C3, 
C1q 

NA CBL Improve Improve 

3 [26] 64/ 
M 

Normal 8.5 None N MN IgG, C3 NA NA NA NA 

4 [10] 57/F NA NA None C3/C4 
N 
CH50↓ 

Atypical 
MN 

IgG, K, 
C 

Deposits CBL + Pred Improve Improve 

5 [10] 75/ 
M 

NA NA IgM K, free 
kappa urine 

C1q, 
C3, C4 ↓ 

Atypical 
MN 

IgG, 
IgM, K, 
L, C 

Deposits CBL Improve Improve 

6 [12] 55/ 
M 

1.7 NA None CH50↓ Atypical 
MN 

IgG, 
C3, K 

Fibrillary 
deposits 

CHOP + CBL PR NA 

7 [27] 82/F NA NA None N MN NA Fibrillary 
deposits 

CBL + Pred, 
CP + Pred, 
CsA 

NR NR 

8 [17] NA/F N 6.7 None NA MN NA Deposits Flu Improve Improve 
9 [7] 56/F 3.8 19.2 None NA MN NA NA Flu Improve Improve 
10 [4] 66/F 1.18 5–8 None N MN C3, IgG Fibrillary 

deposits 
CP + Pred Temporary 

improve 
Improve 

11 [11] 72/ 
M 

0.8 5 None NA MN NA Deposits CBL + Pred PR Stable 

12 [1] 73/ 
M 

3.2 4.3 None N Atypical 
MN 

IgG, 
C3, 
C1q, K, 
L 

NA CHOP Improve Improve 

13 [1] 56/ 
M 

2.4 13 NA NA MN +
FSGS 

IgG, 
C3, K, 
L 

Deposits NA NA NA 

14 [19] 74/ 
M 

1.7 7 None N MN IgG, 
IgM, 
C3, 
C1q, L 

NA Flu Improve Improve 

15 [11] 59/ 
M 

1.14 NA None N MN IgG, K FP effacement, 
subepithelial 
deposits 

Flu + CP +
Ritux 

Improve NA 

16 [16] 67/F 1 9.6 None NA Atypical 
MN 

IgG, 
C3, K 

Deposits NA NA NA 

17 [16] 67/F 2.3 NA None NA Atypical 
MN 

IgG, 
C3, K 

Deposits NA NA NA 

18 [16] 64/F 1.4 7.4 Free L urine NA MN IgG, 
C3, L 

Deposits NA NA NA 

19 [16] 64/ 
M 

1 5.9 None NA MN IgG, 
C3, 
C1q, K 

Deposits NA NA NA 

20 [16] 63/ 
M 

NA 8 None NA Atypical 
MN 

IgG, 
C3, 
C1q, L 

Deposits NA NA NA 

21 [29] 49/F 1.1 2.2 Free K urine NA MN +
FSGS 

NA Deposits CBL Improve Improve 

22 [18] NA NA NA NA NA MN IgG, K Deposits None NA NA 
23 [18] NA NA NA NA NA MN IgG, K Deposits CP + Flu CR NA 
24 [18] NA NA NA IgG, K NA MN K Deposits CHOP + CBL NR NA 
25 [18] NA NA NA NA NA MN IgG, L Deposits CHOP + Flu CR NA  

This 
case 

63/ 
M 

1.3 17.9 None N MN IgG, C3 Mesangial 
deposits 

Ibrutinib CR Improve 

Abbreviations: C, complement; CBL, chlorambucil; Pred, Prednisone; CP, cyclophosphamide, CsA, cyclosporine; FP, foot process; FSGS focal segmental glomerulo
sclerosis; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; flu fludarabine; ritux, rituximab; L, lambda; K, kappa; CR, complete response; PR, partial 
response; NR, no response. 
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lower limit of detection but still induce renal induced toxicity [16]. Less 
well-understood proposed mechanisms include antibody recognition of 
oncogenic virus antigens leading to the formation of antigen-antibody 
complexes(14, 15, 19, 20) and malignancy associated re-expression of 
fetal antigens triggering immune complex disease [15,20]. Due to the 
paucity of MN cases in CLL (Table 2), further mechanistic investigation 
is unlikely; however, dysregulation of the humoral and cellular immune 
processes caused by leukemic cells is central to the development of MN. 

Treatment for CLL has rapidly evolved over the past decade with the 
development of targeted therapies [22,23]. These novel targeted agents 
include oral inhibitors of BTK, an enzyme important for B cell receptor 
(BCR) signaling. Its enzymatic activity is necessary for B cell develop
ment and function, including the survival and proliferation of normal 
and malignant B cells, such as CLL cells. Specifically, BTK signaling in
hibition in CLL disrupts CLL cell migration and tissue homing, leukemia 
cell survival, and proliferation of the CLL cells [23,24]. Based on a series 
of Phase 3 trials demonstrating improved survival outcomes when 
compared to chemotherapy-based CLL treatment, ibrutinib became 
approved for CLL therapy and is increasingly replacing 
chemotherapy-based CLL treatment. The RESONATE-2 trial, for 
example, showed superior overall response rate, progression-free sur
vival and overall survival in ibrutinib compared to chlorambucil-treated 
patients [24]. 

We assumed our patient was presenting with CLL-associated para
neoplastic MN due to the timing of his presentation with newly diag
nosed CLL, and the histopathologic findings suggesting secondary MN 
on the kidney biopsy. Treatment with ibrutinib likely inhibited the ac
tivity of the CLL cell clone, consequently inhibiting the production of 
any antibody production by CLL cells. Remission of paraneoplastic MN 
in CLL has been reported with older types of CLL therapy involving 
alkylating agents and fludarabine, a purine analog [18]. However, to our 
knowledge, this is the first report of a patient with MN associated CLL 
with complete renal response to BTK inhibitor therapy. The response to 
ibrutinib of both, the patient’s MN glomerular disease and his leukemia 
suggests that ibrutinib can function as active therapy in secondary MN in 
CLL. 
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