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Chronic Lymphocytic Leukemia

Introduction

Chronic lymphocytic leukemia (CLL) is a disease of neo-
plastic clonal B cells, primarily involving bone marrow,
peripheral blood, lymph nodes and other hematopoietic
organs such as liver and spleen. “Extramedullary/extranodal”
manifestations of CLL are rare, with only 192 cases reported
in the literature between 1975 and 2012.1 Such manifestations
can occur with or without the presence of systemic CLL, and
most often involve the skin (33%) and central nervous system
(27%) but rarely the genitourinary and gynecological systems
(10%), including the kidneys.1

These data do not take into account asymptomatic organ
involvement. In fact, autopsy series indicate that CLL can
involve the kidneys, adrenal glands, and pituitary gland with-
out recognized clinical sequela. In particular, up to 90% of
patients with CLL and no previous renal abnormalities have
some degree of renal interstitial infiltration on autopsy.2-5

Although interstitial CLL infiltration of the kidney can have
clinical manifestations, only ten cases of acute renal failure
secondary to CLL infiltration have been reported in the liter-
ature.2,6-11

Collectively, 81 cases of biopsy-proven glomerular or inter-
stitial renal abnormalities  due to CLL have been reported in
the literature to date, whereas no cases associated with mon-
oclonal B-cell lymphocytosis (MBL) have been described.
Most of these CLL-associated cases are single patient case
reports or small case series, with the largest report to date

including 15 patients.11-26 Here we report the pathological find-
ings and outcomes of a series of 49 patients with CLL and
MBL followed at a single institution, who underwent a kid-
ney biopsy during the course of their disease to evaluate renal
insufficiency and/or nephrotic syndrome.

Methods

Study population
The study was reviewed and approved by the Institutional Review

Board of the Mayo Clinic and was conducted in accordance with the
principles of the Declaration of Helsinki. Between January 1st, 1995
and June 30th 2014, 4,024 patients with CLL, small lymphocytic lym-
phoma (SLL) or MBL27 were cared for and monitored sequentially in
the Division of Hematology at our institution and consented to par-
ticipate in the Mayo Clinic database. Information regarding the base-
line evaluation, medical history, laboratory findings, and prognostic
factors were obtained from clinical records. Information on prognos-
tic factors was based on fluorescent in situ hybridization for common
CLL chromosome abnormalities, analysis of the mutation status of
the IGHV gene, CD38, ZAP70, and CD49d expression determined
by flow cytometry. 

Renal biopsy and classification
All renal biopsies were reviewed by Mayo Clinic pathologists

specializing in evaluation of renal pathology. Collaborative review
by Mayo Clinic hematopathologists specializing in review of lym-
phoid malignancy was also performed in all cases in which co-exis-
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While the renal complications of plasma cell dyscrasia have been well-described, most information in patients with
chronic lymphocytic leukemia and monoclonal B-cell lymphocytosis is derived from case reports. This is a retro-
spective analysis of patients with chronic lymphocytic leukemia or monoclonal B-cell lymphocytosis who under-
went kidney biopsy for renal insufficiency and/or nephrotic syndrome. Between January 1995 and June 2014, 49
of 4,024 (1.2%) patients with chronic lymphocytic leukemia (n=44) or monoclonal B-cell lymphocytosis (n=5) had
a renal biopsy: 34 (69%) for renal insufficiency and 15 (31%) for nephrotic syndrome. The most common findings
on biopsy were: membranoproliferative glomerulonephritis (n=10, 20%), chronic lymphocytic leukemia interstitial
infiltration as primary etiology (n=6, 12%), thrombotic microangiopathy (n=6, 12%), and minimal change disease
(n=5, 10%).  All five membranoproliferative glomerulonephritis patients treated with rituximab, cyclophos-
phamide and prednisone-based regimens had recovery of renal function compared to 0/3 patients treated with rit-
uximab with or without steroids. Chronic lymphocytic leukemia infiltration as the primary cause of renal abnor-
malities was typically observed in relapsed/refractory patients (4/6). Thrombotic microangiopathy primarily
occurred as a treatment-related toxicity of pentostatin (4/6 cases), and resolved with drug discontinuation. All cases
of minimal change disease resolved with immunosuppressive agents only. Renal biopsy plays an important role in
the management of patients with chronic lymphocytic leukemia or monoclonal B-cell lymphocytosis who develop
renal failure and/or nephrotic syndrome.  
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tent interstitial lymphocytic infiltration was observed.  Standard
processing of kidney biopsies evaluated at the Mayo Clinic
included light microscopy, immunofluorescence, and electron
microscopy. For light microscopy, biopsy specimens were
stained with hematoxylin-eosin, periodic acid Schiff, Masson
trichrome, and Jones methenamine silver. For immunofluores-
cence, 3-micron cryostat sections were stained with polyclonal
fluorescein isothiocyanate-conjugated antibodies to IgG, IgM,
IgA, C3, C1q, kappa and lambda light chains, fibrinogen, and
albumin (Dako), as per routine clinical testing. Electron
microscopy was performed as per clinical routine.
Immunohistochemical stains for CD3, CD5, CD20, and CD23
were done in cases of interstitial lymphocytic infiltration (and
for PAX5 and CD19 in selected cases) to help assess CLL/SLL
involvement.
Renal biopsy findings were further classified according to a

potential causal relationship with CLL. Cases of membranopro-
liferative glomerulonephritis (MPGN), CLL infiltrate as primary
etiology, minimal change disease (MCD), acute interstitial
nephritis, amyloidosis, light chain cast nephropathy, membra-
nous glomerulonephritis, and unclassified mesangial prolifera-
tive glomerulonephritis were considered directly related to CLL.
Cases secondary to CLL-associated conditions, such as infec-
tions, autoimmune disease, and other cancers, or CLL treatment
were considered potentially indirectly related to CLL. Cases sec-
ondary to non-CLL associated comorbidities or non-CLL treat-
ment, such as diabetes, hypertension or obesity, were consid-
ered unrelated to CLL.

Statistical analysis
Descriptive statistics of baseline characteristics were calculat-

ed. The Mann-Whitney test was used for comparisons of medi-
ans. Overall survival was defined as time from diagnosis to death
or last follow up. Survival curves were calculated using the
Kaplan-Meier method, and comparisons were made using the
log-rank test. All P-values were two-sided and considered statis-
tically significant if ≤0.05. Statistical analyses were completed
using SPSS 21.

Results

Baseline characteristics 
Between January 1st, 1995 and June 30th, 2014, 4,024

patients with CLL, SLL or MBL were followed at our insti-
tution. Of these patients, 49 (1.2%) had an ultrasound-guid-
ed kidney biopsy during follow-up to evaluate renal failure
and/or nephrotic syndrome. Of these biopsies, 10% were
performed before 2005, 49% between 2005 and 2010, and
41% after 2010. The indication for renal biopsy was renal
insufficiency (without evidence of post-renal compression
or tumor lysis) in 34 patients (69%; median creatinine 3.2
mg/dL, range 1.7-15) and nephrotic syndrome in 15 (31%;
median proteinuria 11.3 g/24 hours, range 4-54.9). The per-
tinent baseline characteristics of these 49 patients at the
time of CLL diagnosis are shown in Table 1.
Kidney biopsy results are shown in Table 2. The distri-

bution of renal pathology based on the indication for biop-
sy is shown in Figure 1. Of interest, among the five
patients with MBL the pathologic diagnoses were the fol-
lowing: granulomatous interstitial nephritis, focal segmen-
tal glomerulosclerosis, thrombotic microangiopathy
(TMA), unclassified mesangial proliferative glomeru-
lonephritis and MPGN.

Renal complications of CLL/MBL
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Table 1. Baseline characteristics of 49 CLL cases.
                                                                Number (%) or median [range]
Demographic characteristics
Median age (years)                                                             63 [25-83]
Males                                                                                         34 (69)
Females                                                                                    15 (31)
Caucasian                                                                                45 (100)
Missing data                                                                                  4

Comorbid conditions
Diabetes                                                                                    5 (10)
No diabetes                                                                             44 (90)
Hypertension                                                                           26 (53)
No hypertension                                                                     23 (47)
Obesity                                                                                      16 (36)
No obesity                                                                                29 (64)
Missing data                                                                                  4

Baseline laboratoy values at CLL diagnosis
Median absolute lymphocyte count (x109�/L)                7 [2-237]
Missing data                                                                                  9
Median hemoglobin (g/dL)                                                12 [6-17]
Missing data                                                                                  9
Median platelet count(x109�/L)                                      229 [65-713]
Missing data                                                                                  9
Median serum  creatinine (mg/dL)                               1.3 [0.7-15]
Missing data                                                                                 13
Median serum albumin (g/dL)                                            3 [1-5]
Missing data                                                                                 11
Monoclonal-spike
Yes                                                                                          19 (39)
No                                                                                           30 (61)

Free light chain ratio abnormal
Yes                                                                                          7 (33)
No                                                                                           14 (67)
Missing data                                                                              28

CLL characteristics
Rai stage 
0-II                                                                                          32 (73)
III-IV                                                                                        7 (16)
MBL                                                                                         5 (11)
missing data                                                                               5

CD38 
negative                                                                                 26 (59)
positive                                                                                  18 (41)
missing data                                                                               5

CD49d 
negative                                                                                 16 (64)
positive                                                                                  11 (36)
missing data                                                                              22

ZAP70 
negative                                                                                 19 (54)
positive                                                                                  16 (46)
missing data                                                                              14

IGHV
mutated                                                                                 12 (46)
unmutated                                                                            14 (54)
missing data                                                                              23

Fluorescence in situ hybridization                                           
del13q                                                                                     8 (31)
negative                                                                                  8 (31)
+12                                                                                          6 (23)
del11q                                                                                     4 (15)
del17p                                                                                      0 (0)
missing data                                                                              23

IGHV: immunoglobulin heavy variable gene; del: deletion; +: Trisomy.
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Specific chronic lymphocytic leukemia-related causes
of renal pathology
Membranoproliferative glomerulonephritis
Ten patients had an MPGN pattern of glomerular injury

on light microscopy (Figure 2A). The characteristics of
these patients at the time of CLL diagnosis are shown in
Table 3. Based on the findings on light microscopy,
immunofluorescence, and electron microscopy and the
clinical parameters, the clinicopathological diagnoses in
these patients were: (i) proliferative glomerulonephritis
with monoclonal IgG deposits in three patients (IgG1
lambda in 2 and IgG kappa in 1), confirmed in two of
them also by serum immunofixation; (ii) cryoglobulinemic
glomerulonephritis in two patients, only one of whom
had a positive serum cryoglobulin test and both with neg-
ative hepatitis serological tests; (iii) immunotactoid
glomerulonephritis with monoclonal IgG lambda deposits
in one patient, who had a depressed serum free kappa to
lambda ratio; (iv) fibrillary glomerulonephritis with poly-
clonal IgG deposits in one patient, who did not have clin-
ical evidence of a paraproteinemia; (v) C3 glomeru-
lonephritis in one patient, who had reduced serum C3 and
C4 and negative serum immunofixation; and (vi) unclassi-
fied MPGN in two patients (1 due to lack of glomeruli in
the immunofluorescence sample and one due to lack of
results of immunofluorescence, both with monoclonal
protein on serum immunofixation (IgM lambda in 1 and
both IgM kappa and IgG lambda in the other). 
Reasons for renal biopsy in the ten patients with MPGN

were equally distributed between renal failure and
nephrotic syndrome (5 patients each). Serology for hepati-
tis B and C virus, and anti-nuclear antibodies were nega-
tive in all patients. Four out of the ten cases of MPGN
showed some degree of CLL infiltration, either focal or
diffuse. 

At the time of renal biopsy, none of the patients with
MPGN had been previously treated. Two patients did not
receive any subsequent therapy despite the MPGN diag-
nosis: one had an initial creatinine of 2.3 mg/dL and was
lost to follow-up, while the other worsened acutely,
before treatment for CLL could be started, needed dialysis
and eventually received a renal transplant. The remaining
eight patients all received CLL-directed therapy within 1
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Table 2. Pathologic features of 49 CLL cases on renal biopsy.
Number (%) Co-existent CLL infiltration Therapy prior to biopsy

n (%) n (%)

Related to chronic lymphocytic leukemia

Membranoproliferative glomerulonephritis 10 (20) 4/10 (40) 0/10 (0)
CLL infiltrate as primary etiology 6 (12) NA 4/6 (67)
Minimal change disease 5 (10) 0/5 (0) 1/5 (20)
Acute interstitial nephritis 4 (8) 3/4 (75) 1/4 (25)
Amyloidosis 3 (7) 1/3 (33) 0/3 (0)
Light chain cast nephropathy 3 (7) 0/3 (0) 0/3 (0)
Membranous glomerulonephritis 2 (4) 2/2 (100) 0/2 (0)
Mesangial proliferative glomerulonephritis (unclassified) 2 (4) 1/2 (50) 0/2 (0)

Indirectly related to chronic lymphocytic leukemia

Thrombotic microangiopathy 6 (12) 2/6 (33) 5/6 (83)
Adenovirus acute interstitial nephritis 1 (2) 0/1 (0) 1/1 (100)
Infection-related CGN 1 (2) 0/1 (0) 1/1 (100)
p-ANCA-associated pauci-immune CGN 1 (2) 0/1 (0) 1/1 (100)

Unrelated to chronic lymphocytic leukemia

Diabetic glomerulosclerosis 2 (4) 1/2 (50) 0/2 (0)
Obesity-related focal-segmental glomerulosclerosis 2 (4) 0/2 (0) 0/2 (0)
Hypertension-related nephrosclerosis 1 (2) 0/2 (0) 0/2 (0)

CLL: chronic lymphocytic leukemia; CGN: crescentic glomerulonephritis; NA: not applicable.

Figure 1. Renal pathology findings by indication for renal biopsy. CLL:
chronic lymphocytic leukemia; TMA: thrombotic microangiopathy;
MPGN: membranoproliferative glomerulonephritis; AIN: acute inter-
stitial nephritis; LCN: light-chain nephropathy; U-MPGN: unclassified
mesangial proliferative glomerulonephritis; MGN: membranous
glomerulonephritis; MCD: minimal change disease.
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month of renal biopsy. Five were treated with a rituximab,
cyclophosphamide and prednisone (RCP)-based regimen
(3 with vincristine), and three received a rituximab-based
regimen with or without steroids (rituximab with high-
dose methylprednisolone in 2 cases, rituximab as a single
agent in 1). All five patients treated with RCP-based regi-
mens achieved complete remission of CLL and significant
improvement in renal abnormalities, with a median renal
and CLL response duration of 32 months (range, 13-75).
Only one of these five patients experienced progression of
CLL (but no renal relapse) after 40 months of follow-up.
Among the three patients treated with rituximab-based
regimens with or without steroids, one (with fibrillary
glomerulonephritis) had an improvement in his renal
abnormalities with rituximab as a single agent, whereas
the remaining two (1 with proliferative glomerulonephri-
tis with monoclonal IgG deposits and 1 with cryoglobu-
linemic glomerulonephritis) did not (1 needed chronic
dialysis and eventually proceeded to renal transplant). All
patients with MPGN were also conservatively managed
with a low salt diet, diuretics and ACE inhibitors.

Chronic lymphocytic leukemia interstitial infiltration
In six patients, CLL infiltration of the kidney was the

primary etiology of renal pathology detected on kidney
biopsy (Figure 2D). CLL infiltrates were established histo-
logically based on morphology of samples stained with
hematoxylin and eosin and on their immunohistochemi-
cal profile. CLL cells were small and monotonous and fre-
quently formed dense aggregates in the cortex. They
stained positive for CD20, CD23, CD5, CD19, and PAX5,
and were negative for CD3. The characteristics of these
patients at the time of their CLL diagnosis are shown in
Table 3. Of interest, at the time of kidney biopsy, the
median absolute lymphocyte count was 3.2x109/L (range
0.2-4.5x109/L), and lymphadenopathy was present in all
six patients. In all patients, renal failure (median creatinine
3.1 mg/dL; range, 1.7-8.5) was the reason for renal biopsy.

The CLL infiltrate was diffuse (affecting 50-100% of the
cortex) in three patients and focal (affecting 20-30% of
cortex) in the remaining three. No meaningful difference
in creatinine clearance was observed between these two
groups (21 versus 32 mL/min; P=0.98). At the time of kid-
ney biopsy, two patients were untreated (the renal pathol-
ogy and CLL were diagnosed concomitantly), and four
had previously received treatment (the renal pathology
was diagnosed at a median time of 32 months after the
CLL diagnosis; range, 3-205 months). 
One patient had a poor performance status and co-mor-

bidity that precluded therapy. This patient needed chronic
dialysis and eventually died of CLL disease progression. In
the remaining five patients, the renal infiltration and
resulting renal failure were felt to be an indication for CLL
treatment, and all were subsequently treated within 1
month of renal biopsy. One patient was treated with dose-
modified pentostatin, cyclophosphamide and rituximab,
with stable disease (11 months), but no improvement in
renal function (creatinine clearance stable at 25 mL/min,
with no need for dialysis). Of the remaining four patients,
two were treated with rituximab, cyclophosphamide, vin-
cristine and prednisone (RCVP), one with rituximab plus
high-dose methylprednisolone, and one with ofatumum-
ab plus high-dose methylprednisolone. All achieved a
response in their CLL (1 complete remission, 3 partial
remissions, and 1 stable disease) and significant improve-
ment in renal function. One patient treated with RCVP is
still in remission after 8 years; the other three patients
experienced relapse of their CLL after a median of 8
months (range, 6-12 months). Of note, none of these
patients experienced recurrence of renal insufficiency at
the time of CLL relapse.

Minimal change disease 
Five patients were diagnosed with MCD as the primary

cause of renal dysfunction (Figure 2B). Their baseline char-
acteristics are shown in Table 3. All patients with MCD

Renal complications of CLL/MBL
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Figure 2. Most common findings on kid-
ney biopsy (MPGN, CLL infiltrate, throm-
botic microangiopathy, MCD). (A) MPGN.
Glomeruli show mesangial sclerosis,
mesangial hypercellularity, and segmen-
tal glomerular basement membrane
duplication (arrows) associated with cel-
lular interposition (silver stain, X400); (B)
MCD. Podocytes show diffuse foot
process effacement and segmental
microvillus transformation. The glomeru-
lar basement membranes appear nor-
mal in thickness and texture and are
devoid of electron dense immune
deposits (X8000). Glomeruli were unre-
markable on light microscopy (not
shown); (C)  thrombotic microangiopathy.
The interlobular artery depicted is occlud-
ed by endothelial cell swelling and exten-
sive intimal deposition of fibrin which
stains pink on silver stain, consistent
with arterial thrombosis. The adjacent
glomerulus exhibits ischemic-type global
thickening and wrinkling of the glomeru-
lar basement membrane (silver stain,
X400); (D) CLL. Extensive cortical intersti-
tial infiltration by monotonous CLL B cells
(H&E, X100), which stain strongly for
CD19 (small box, X100). The infiltrate
was weakly positive for CD20 and nega-
tive for CD3 (not shown).

A

C D

B
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had nephrotic syndrome as an indication for renal biopsy.
None of these five cases showed any concomitant CLL
infiltration in the kidney. Concomitant risk factors for
MCD, such as active infection, other cancer, allergy or use
of medications associated with MCD, were not present in
any of these five patients at the time of kidney biopsy.
At the time of renal biopsy, only one patient with MCD

had been previously treated (with 3 different lines of
chemo-immunotherapy). The MCD in this patient was
subsequently treated with rituximab and prednisone, with
resolution of his nephrotic syndrome. The four previously
untreated patients received a variety of treatment regi-
mens in an effort to improve the MCD, as it was felt to be
CLL-related, including: obinutuzumab and chlorambucil
(n=1), RCP (n=1), rituximab as a single agent (n=1), and
prednisone alone (n=1). All five patients achieved com-

plete resolution of their nephrotic syndrome. Three of
these five patients have had no recurrence in the nephrotic
syndrome after a median of 48 months (range, 15-156
months). Two patients developed recurrence of the MCD.
The patient treated with rituximab as a single agent had
recurrence of MCD after 2 months, despite no evidence of
CLL progression. Computed tomography scans at that
time revealed a peritoneal mass that on biopsy proved to
be a peritoneal mesothelioma. The patient treated with
RCP had both CLL progression and recurrence of MCD
after 5 months, which were successfully treated with the
combination of rituximab and bendamustine (still in
remission as of most recent follow-up, 8 months later). All
patients with MCD were also conservatively managed
with a low salt diet, diuretics and ACE inhibitors.

P. Strati et al.
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Table 3. Baseline characteristics at the time of CLL diagnosis among 27 patients with the four most common pathological findings on kidney biopsy.
Number (%) or median [range]

MPGN (n=10) CLL infiltrate (n=6) TMA (n=6) MCD (n=5)

Median age (years) 62 [56-83] 62 [61-69] 64 [31-67] 58 [42-75]
Males 9 (90) 5 (83) 1 (17) 3 (60)
Females 1 (10) 1 (17) 5 (83) 2 (40)
Median ALC (x109/L) 7 [3-22] 12 [2-79] 14 [5-166] 7 [3-21]
Median hemoglobin (g/dL) 11 [9-14] 11 [6-14] 14 [11-15] 15 [12-16]
Median platelet count (x109/L) 234 [191-374] 178 [65-317] 205 [129-326] 372 [120-407]
Rai stage 
0-II 5 (72) 4 (67) 5 (83) 5 (100)
III-IV 1 (14) 2 (33) 0 (0) 0 (0)
MBL 1 (14) 0 (0) 1 (17) 0 (0)
missing data 3 0 0 0

CD38 
negative 8 (89) 2 (33) 4 (67) 3 (60)
positive 1 (11) 4 (67) 2 (33) 2 (40)
missing data 1 0 0 0
CD49d 
negative 3 (100) 1 (20) 3 (75) 3 (75)
positive 0 (0) 4 (80) 1 (25) 1 (25)
missing data 7 1 2 1

ZAP70 
negative 6 (100) 2 (33) 4 (80) 1 (25)
positive 0 (0) 4 (67) 1 (20) 3 (75)
missing data 4 0 1 1
IGHV
mutated 2 (67) 2 (40) 3 (75) 1 (20)
unmutated 1 (33) 3 (60) 1 (25) 4 (80)
missing data 7 1 2 0

FISH
del13q 2 (40) 1 (20) 1 (33.3) 2 (50)
negative 0 (0) 1 (20) 1 (33.3) 2 (50)
+12 3 (60) 1 (20) 1 (33.3) 0 (0)
del11q 0 (0) 2 (40) 0 (0) 0 (0)
del17p 0 (0) 0 (0) 0 (0) 0 (0)
missing data 5 1 3 1

Indication for renal biopsy

Renal insufficiency 5 (50) 6 (100) 6 (100) 0 (0)
Nephrotic syndrome 5 (50) 0 (0) 0 (0) 5 (100)
Median time from CLL diagnosis 21 [0-132] 3 [0-205] 76 [37-165] 7 [0-97]
to kidney biopsy (months)
MPGN: membranoproliferative glomerulonephritis; CLL: chronic lymphocytic leukemia; TMA: thrombotic microangiopathy; MCD: minimal change disease; ALC: absolute lymphocyte
count; IGHV: immunoglobulin heavy variable gene; FISH: fluorescence in situ hybridization; del: deletion; +: Trisomy.
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Other chronic lymphocytic leukemia-related renal biopsy findings
Other less frequently observed CLL-related causes of

renal pathology included: acute interstitial nephritis (n=4;
manifesting histologically as granulomatous infiltration in
3 out of 4 patients); AL lambda amyloidosis (n=3; CLL
expressing surface lambda chain in all patients, none had
evidence of co-existent plasma cell neoplasm, only 1 had a
detectable IgG lambda serum monoclonal protein on
immunofixation); light chain cast nephropathy (n=3; 2
with concomitant plasma cell neoplasm, and CLL/SLL
expressing surface kappa chain in all cases; in the only case
with no concomitant plasma cell neoplasm, plasma cells in
the bone marrow were not increased, and immunofixa-
tion showed a IgG kappa serum monoclonal protein);
membranous glomerulonephritis (n=2); and unclassified
mesangial proliferative glomerulonephritis (n=2). 
Potential concomitant risk factors, such as infections,

autoimmune processes and second cancers, were not pres-
ent in any of these cases at the time of renal biopsy.

Causes of renal pathology that were considered to be
indirectly related to the chronic lymphocytic leukemia
Thrombotic microangiopathy
TMA was identified as the cause of renal dysfunction on

kidney biopsy in six patients (Figure 2C). Their baseline
characteristics are shown in Table 3. All patients presented
with renal insufficiency. Two of these six patients had
concomitant CLL infiltration (either focal or diffuse) on
renal biopsy.  All patients presented with anemia, throm-
bocytopenia or schistocytes on peripheral blood smear.
ADAMTS 13 levels, obtained only in one patient, were
low. None of the affected patients presented with neuro-

logical symptoms.
All cases with TMA had co-existent risk factors for

microangiopathy, potentially related to CLL, at the time of
renal biopsy: recent use of pentostatin (n=4), metastatic
lung cancer (n=1), and recent stem cell transplant (n=1).
Plasmapheresis was initiated in the patient who had
received a stem cell transplant, but it was unsuccessful,
and eventually chronic dialysis was needed. All other
patients had spontaneous improvement of their renal
function with discontinuation of pentostatin or with treat-
ment of the concomitant cancer.

Other causes of renal pathology considered to be indirectly relat-
ed to the chronic lymphocytic leukemia
Other renal biopsy findings indirectly related to CLL

included: adenovirus acute interstitial nephritis (n=1); bac-
terial infection-associated crescentic glomerulonephritis
(n=1, serum anti-streptococcal antibodies negative); and p-
ANCA associated pauci-immune crescentic glomeru-
lonephritis, in the context of systemic vasculitis (n=1).

Causes of renal pathology unrelated to chronic 
lymphocytic leukemia
Causes of renal failure and/or nephrotic syndrome unre-

lated to CLL included diabetic glomerulosclerosis (n=2),
obesity-related focal segmental glomerulosclerosis (n=2),
and hypertensive nephrosclerosis (n=1). Of note, only one
of these patients had evidence of CLL renal infiltration.
These five patients were managed with treatment for the
primary etiology in conjunction with a low salt diet,
diuretics and ACE inhibitors. Stable renal function was
maintained in four of them (1 died of CLL progression),
whereas one patient progressed to end-stage renal disease
requiring dialysis.

Overall survival among the most common causes 
of renal pathology
In our study, the four most common renal pathology

findings (in at least 5 patients) were MPGN, CLL infiltra-
tion as primary etiology, MCD and TMA. After a median
follow-up of 60 months (range, 12-216), deaths were
reported in 19 (39%) patients including one of ten (10%)
patients with MPGN, four of six (66%) patients with CLL
infiltration (as the primary etiology of the renal failure),
two of six (33%) patients with TMA, and none of five
(0%) patients with MCD. The median overall survival
was reached only in cases with CLL infiltration (as the pri-
mary etiology) and was 84 months (range, 12-206
months). The median overall survival has not been
reached in patients with MPGN, MCD and TMA (P=0.28).

Discussion 

Renal insufficiency is a relatively common problem
among patients with CLL, present in 7.5% of patients at
the time of CLL diagnosis and in an additional 16.2% dur-
ing the course of disease.28 The mechanism of renal failure
in such patients varies, but the CLL infiltrate may com-
press the renal tubules as well as the microvasculature,
resulting in intrarenal obstruction and ischemia. Other
potential causes of renal insufficiency in patients with CLL
include contrast-induced nephropathy, treatment-related
tumor lysis, chemotherapy-related toxicity and ureteral
obstruction by lymphadenopathy.29 CLL can also be asso-

Renal complications of CLL/MBL
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Table 4. Features on renal biopsy in Mayo series and published studies.
Number (%)

Our series Cumulative Total
(n=49) in published (n=130)

literature
(n=81)

MPGN¹ 10 (20) 27 (33) 37 (28)
CLL infiltrate as primary etiology 6 (12) 10 (12) 16 (12)
Minimal change disease 5 (10) 8 (10) 13 (10)
Membranous glomerulonephritis 2 (4) 10 (12) 12 (9)
AIN¹ 4 (8) 5 (6) 9 (7)
Amyloidosis 3 (7) 4 (5) 7 (5)
Thrombotic microangiopathy 6 (12) 0 (0) 6 (5)
Infection-related CGN 1 (2) 5 (6) 6 (5)
Obesity-related FSGS 2 (4) 4 (5) 6 (5)
Unclassified 0 (0) 5 (6) 5 (4)
Light chain nephropathy 3 (7) 1 (1.7) 4 (3)
Mesangial proliferative GN 2 (4) 1 (1.7) 3 (2)
p-ANCA-associated CGN 1 (2) 1 (1.7) 2 (1.5)
Diabetic glomerulosclerosis 2 (4) 0 (0) 2 (1.5)
Hypertension-related nephrosclerosis 1 (2) 0 (0) 1 (1)
Post-infectious AIN 1 (2) 0 (0) 1 (1)
1In literature: MPGN included two immunotactoid, one proliferative glomerulonephritis with mon-
oclonal IgG deposits and one fibrillary glomerulonephritis; all AIN cases were granulomatous
interstitial nephritis. CLL: chronic lymphocytic leukemia; MPGN: membranoproliferative glomeru-
lonephritis; AIN: acute interstitial nephritis; GN: glomerulonephritis; CGN: crescentic glomeru-
lonephritis; GS: glomerulosclerosis; FSGS: focal-segmental glomerulosclerosis.
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ciated with and lead to glomerular pathology, including
acute glomerulonephritis, the nephrotic syndrome, and
chronic glomerulonephritis. The pathological lesions
resulting in these clinical conditions include glomeru-
lonephridites which on light microscopy show mesangio-
proliferative, membranoproliferative, or endocapillary
proliferative glomerulonephritis (e.g., cryoglobulinemic
glomerulonephritis, immunotactoid glomerulonephritis,
and proliferative glomerulonephritis with monoclonal IgG
deposits) and non-proliferative glomerulopathies (e.g.,
membranous glomerulopathy or MCD). These conditions
may be associated with the presence of CLL-related pro-
teins, such as cryoglobulins, monoclonal immunoglobu-
lins, or light chains.29 Since patients with CLL also have an
increased risk of infections, second cancers and autoim-
mune processes, glomerulopathies indirectly related to
CLL, such as bacterial infection-associated glomeru-
lonephritis, autoimmune disease associated glomeru-
lonephritis or TMA, can also be observed. Finally, since
the median age at diagnosis of CLL is 72 years and comor-
bid health conditions in patients with CLL are common,
renal pathology unrelated to CLL can occur (e.g., diabetic
nephropathy, obesity-associated focal segmental glomeru-
losclerosis, and hypertensive nephrosclerosis).29
Unlike plasma cell dyscrasias, in which kidney biopsy is

routinely performed to evaluate unexplained renal insuffi-
ciency or nephrotic syndrome,30 and based on available lit-
erature, renal biopsies are rarely performed in patients
with CLL and are mostly reported as case reports. As a
consequence, little is known about the mechanism(s)
causing renal abnormalities in CLL. In addition, no cases
of renal abnormalities associated with MBL have been
reported in the literature. In our series of over 4,000
patients, approximately 1% required renal biopsy during
the course of their disease and the biopsy results revealed
important etiologies for renal disease in CLL and MBL. In
a majority of these 49 patients, the etiology of the renal
failure/nephrotic syndrome was either directly (n=35;
71%) or indirectly (n=9; 18%) related to CLL. 
MPGN was the most common pathological finding in

our study and was equally likely to present as renal insuf-
ficiency or nephrotic syndrome. In our series, the
glomerular injury in these patients was mediated by direct
glomerular deposition of monoclonal protein (such as in
cases of proliferative glomerulonephritis with monoclonal
IgG deposits and immunotactoid glomerulonephritis),
cryoglobulins, and immune-complexes; in one case of C3
glomerulonephritis, indirect damage was potentially
mediated through abnormal activation of the alternative
complement cascade.31 Similar mechanisms were
described in the majority of the 27 cases reported in the lit-
erature.11,13,15,16,19,25,26
Treatment of CLL with concomitant renal abnormalities

is challenging. In fact, creatinine clearance is one of the
strongest predictors of fludarabine toxicity, a mainstay of
CLL therapy.32 As a consequence, a variety of alternative
regimens have been used to treat CLL-associated MPGN
including prednisone, chlorambucil, interferon-alpha, rit-
uximab and bendamustine, and rituximab and cyclophos-
phamide (with or without vincristine).15,19,25,26,33,34 In our
study, rituximab in combination with cyclophosphamide
appeared more effective than non-alkylating agent-based
regimens for renal pathology complicating CLL. Notably,
cyclophosphamide is typically used in the treatment of a
number of aggressive glomerulonephritides, though its

superiority over other cytostatic drugs has never been
proven for MPGN.35 The RCVP regimen has been previ-
ously proposed as an effective regimen for the treatment
of CLL with co-existent autoimmune cytopenias.36 The
ability to selectively suppress the autoimmune process
associated with MPGN and to be cytotoxic to CLL with-
out causing further renal toxicity may make RCVP the
optimal treatment for this condition. 
CLL infiltration of the kidney as the primary etiology of

renal failure was the second most common cause of renal
pathology in our study. Although reported in up to 90% of
CLL patients in autopsy series, only ten cases of CLL infil-
tration of the kidney causing clinical sequelae have been
reported to date.3,4,11 Accordingly, great care must be taken
to determine whether CLL cells infiltrating the kidney are
or are not the etiology of renal pathology. This determina-
tion requires close collaboration between hematologists,
nephrologists and pathologists expert in the care of
patients with CLL and its effects on the kidney. In our
study, two-thirds of patients with CLL infiltration of the
kidney as the cause of their renal failure had relapsed
refractory CLL. Interstitial infiltration by CLL cells can be
confused with acute interstitial nephritis, a much more
common lesion in the kidney. On routine histology, the
presence of large lymphoid aggregates of monotonous
lymphocytes without associated tubulitis favors CLL infil-
tration. In these cases, immunohistochemical staining for
CD3, CD20, CD5, and CD23 are helpful to confirm or
exclude CLL infiltration. The treatment of this population
is a challenge, particularly if concomitant renal complica-
tions are present. Rituximab-based regimens have been
proposed in the past as therapy for these patients, given
their limited toxicity, but with unsatisfactory results. We
also do not know if the novel biological agents, such as B-
cell receptor inhibitors or anti-apoptotic drugs, will be able
to play a future role in such patients.
TMA was a relatively common etiology for renal abnor-

malities in our series. No cases of directly CLL-associated
TMA have been described in the literature. Consistent with
this, all six cases of TMA in our cohort were likely second-
ary to either CLL treatment (allogeneic stem cell transplan-
tation in 1 case, pentostatin in 4 cases) or potential CLL
complications (metastatic cancer in 1 case). Although the
association between TMA and metastatic cancer or stem
cell transplantation is well recognized,37,38 chemotherapy-
induced TMA can be underappreciated, particularly for less
frequently used drugs such as pentostatin. Pentostatin is a
specific inhibitor of adenosine deaminase providing
response frequencies comparable to those of fludarabine
but with apparently lower toxicity and greater ease of
administration. Although TMA is not a common side effect
of pentostatin, three cases have been previously report-
ed.39,40 The precise mechanism of TMA in pentostatin-treat-
ed patients is unclear, but all four patients with pentostatin-
induced TMA in our series improved with discontinuation
of drug, and none required plasma exchange. 
MCD was another common etiology of renal pathology

observed in our study. The underlying cause of MCD is
still unclear, despite accumulating evidence that systemic
T-cell dysfunction, with consequent cytokine production,
may be involved. The serum levels of interleukin-17A,
interferon-g, interleukin-2, interleukin-10, interleukin-4,
and interleukin-21 are significantly higher in patients with
MCD than in healthy controls, and this may translate into
foot process fusion and consequent nephrotic syn-
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drome.41,42 A similar mechanism has been advocated for
MCD complicating B-cell neoplasias, including CLL and
other non-Hodgkin lymphomas, in which T-cell dysfunc-
tion is a common finding.23,43,44 It should be noted that all
cases of MCD in our series presented with the nephrotic
syndrome. The immune pathogenesis of MCD in CLL is
further supported by the high response rate and response
duration reported both in the literature and in our study
with the use of immunosuppressive agents, such as pred-
nisone or rituximab-based regimens.13,22,23
The combination of our series and cases reported in the

literature shows that MPGN, CLL infiltration and MCD
are the three most common findings in patients with CLL
and renal abnormalities (Table 4). Of interest, the addition
of our data to the reported literature highlighted the high
prevalence of membranous glomerulonephritis.
Membranous glomerulonephritis is reported as a frequent
cause of nephrotic syndrome in patients with carcinoma
but is not typically thought to be associated with lympho-
proliferative disorders.45 Nonetheless, cases of membra-
nous glomerulonephritis associated with CLL have been
increasingly recognized and, of interest, have been report-

ed to respond to fludarabine as a single agent, emphasiz-
ing the importance of recognizing membranous glomeru-
lonephritis in CLL and that treatment of CLL may assist in
its resolution.46,47
In conclusion, our findings emphasize that renal abnor-

malities in patients with CLL may be more common than
previously appreciated. CLL patients who develop renal
insufficiency without a clear etiology should undergo
renal biopsy with review by an expert pathologist with
individualization of the management plan formulated by
CLL experts in collaboration with nephrologists.  In fact,
renal biopsy frequently clarifies the mechanism underly-
ing the renal insufficiency and/or the nephrotic syndrome
in patients with MBL/CLL, and allows for  more effective
treatment.
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