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ABSTRACT
Background. Renal manifestations of monoclonal gammopathies are of increasing interest among nephrologists. Typical ‘—6

manifestations include light chain cast nephropathy, amyloidosis or renal damage mediated by monoclonal
immunoglobulin deposition. Podocytopathies in the setting of an underlying monoclonal gammopathy constitute a rare
manifestation of these diseases and, although being described in the literature, remain a challenge since most data
derive from case reports.

Methods. A retrospective review of the clinical data of Hospital del Mar and Hospital Vall d’'Hebron was performed to
identify patients with minimal change disease (MCD) or focal and segmental glomerulosclerosis (FSGS) in the setting of
neoplasms that produce monoclonal (M) protein. Additionally, a literature review on this topic was performed. This
study aims to describe the clinical characteristics and outcomes of these patients.

Results. Three patients were identified to have podocytopathy and monoclonal gammopathy between the years 2013
and 2020. All three were males and >65 years of age. Two patients were diagnosed with MCD and one patient was
diagnosed with FSGS. All patients underwent a kidney biopsy and light and electron microscopic studies were
performed. The underlying causes of monoclonal gammopathy were multiple myeloma in two cases and Waldestrom
macroglobulinemia in one case. Two patients developed nephrotic syndrome during the follow-up. All patients were
under active hematological treatment. One patient presented a complete remission of proteinuria whereas the other two
presented a partial remission.

Conclusions. Podocytopathies may infrequently be found in patients with monoclonal gammopathies. Patients with
overt glomerular proteinuria and hematological disorders with M protein should undergo a kidney biopsy for prompt
diagnosis and to specify a prognosis. In addition, further study on this matter must be done to understand the
pathophysiology and treat these patients appropriately.
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INTRODUCTION

Monoclonal gammopathies constitute a spectrum of clonal cell
malignancies or premalignancies, such as multiple myeloma
(MM), Waldestrom macroglobulinemia (WM) and chronic lym-
phocytic leukemia (CLL). In 2012, the term monoclonal gam-
mopathy of renal significance (MGRS) was introduced by the
International Kidney and Monoclonal Gammopathy Research
Group. MGRS was defined as a clonal proliferative disorder that
produces nephrotoxic monoclonal immunoglobulins (Igs) and
that does not fulfill the hematological criteria for malignancy
[1]. These Igs induce diverse clinical manifestations such as re-
nal failure and proteinuria. The most common finding on biopsy
is myeloma cast nephropathy (light chain-cast nephropathy),
followed by light chain-associated proximal tubulopathy. Other
less common findings are amyloidosis and monoclonal Ig depo-
sition diseases, among others [2, 3].

In 2016, Sethi et al. [3] proposed two different mechanisms
of renal damage in the setting of a monoclonal gammopathy.
First, they described renal lesions directly associated with mon-
oclonal Ig deposition. When this mechanism appears, Ig depo-
sition can result in diseases involving either the tubular or the
glomerular compartments. Larger monoclonal (M) proteins will
induce glomerular inflammation, while smaller M proteins (low
molecular weight chain molecules) are likely to pass through
the glomerular barrier and therefore produce tubular direct tox-
icity, such as proximal tubular light chain-associated toxicity
and/or light chain cast nephropathy. Second, an indirect mech-
anism of glomerular and vascular lesions that could simulate a
proliferative glomerulonephritis was also described. The clini-
cal manifestations of this group of patients appear to be similar
to a nephritic syndrome (hypertension, impaired renal function,
hematuria and proteinuria) [3].

The presence of overt glomerular proteinuria or an overt
nephrotic syndrome associated to monoclonal gammopathy has
been rarely reported. Observational data of case series reports
describe the presence of minimal change disease (MCD) and/or
focal segmental glomerulosclerosis (FSGS) in some patients di-
agnosed as monoclonal gammopathy, although in a low percent-
age. There are scarce data reporting podocytopathies in patients
with monoclonal gammopathies.

Podocytopathies are the most common group of glomeru-
lar disorders leading to massive proteinuria. When evaluating
pathophysiology, podocytopathies can be divided into MCD, dif-
fuse mesangial sclerosis, FSGS and collapsing glomerulopathy
[4].

Herein we present three cases of patients diagnosed with
monoclonal gammopathies (MM, WM or MGRS) that developed
overt glomerular proteinuria and were diagnosed as MCD or
FSGS.

MATERIALS AND METHODS

A retrospective review of the clinical data between 2000 and
2020 from Hospital del Mar and Hospital Vall d’'Hebron was
performed to identify patients with MCD or FSGS in the set-
ting of neoplasms that produce M protein. Three patients
that met these criteria were identified: two from Hospital
del Mar and one from Hospital Vall d’Hebron. Demographic,
clinical, laboratory and histological data from renal biopsies
were recorded. The medical records of these patients were re-
viewed and clinical and analytical data were systematically
collected.

Definitions

Nephrotic syndrome was defined by the presence of massive
proteinuria [>3.5 g/day and/or a urine protein:creatinine ratio
(UPCR) >3.5 g/g], hypoalbuminemia (<3.5 g/dL), dyslipidemia
and clinically relevant edema [5, 6]. Monoclonal gammopathies
reported in this review were defined according to the Interna-
tional Myeloma Working Group criteria for classification of mon-
oclonal gammopathies and related disorders [1]. MCD was de-
fined as the absence of significant visible glomerular alterations
by light microscopy, absence of immune glomerular deposits by
immunofluorescent microscopy and the presence of diffuse ef-
facement of podocyte foot processes by electron microscopy in
the context of a patient with nephrotic syndrome. Complete re-
mission was defined as <0.3 g/day of proteinuria, while partial
remission was defined by a decrease of >50% of initial protein-
uria [7]. FSGS was defined as the presence of segmental scars in
some glomeruli, with either hyaline or adhesions of the tuft to
Bowman'’s capsule, discarding other glomerulopathy [8].

Methods

We report three cases from two hospitals: Hospital del Mar
(Barcelona, Spain) and Hospital Vall d’Hebrén (Barcelona, Spain).
We conducted a review on the PubMed database and the terms
searched were ‘MM’ or ‘hematological discrasia’ or ‘Waldestrém
disease’ or ‘WM’ or ‘monoclonal gammopathy’ and ‘nephrotic
syndrome’ or ‘MCD’ or ‘FSGS’ or ‘podocytopathy.’ All reviewed
articles were searched to identify patients who developed a
nephrotic syndrome in the setting of a monoclonal gammopa-
thy.

CASE REPORTS
Patient 1

A 67-year-old male was diagnosed with Waldestrom disease in
2017. The patient showed IgM plasma levels of 3345 mg/dL at the
moment of diagnosis, with normal renal function [serum crea-
tinine 0.8 mg/dL; glomerular filtration rate (GFR) >60 mL/min/
1.72 m?] with no urinary protein excretion (UPCR <30 mg/g).
From 2017 to 2020, regular exams were performed in our cen-
ter. In October 2020 he was referred to nephrology due to a clin-
ical nephrotic syndrome: UPCR 26 000 mg/g, hypoalbuminemia
2.1 g/dL and hypercholesterolemia 292 mg/dL. The patient de-
veloped acute kidney injury (serum creatinine 1.31 mg/dL) coin-
ciding with Waldenstrém disease progression (IgM 7240 mg/dL)
with mild excretion of 1 Bence-Jones proteinuria of 0.27 mg/dL.
Renal biopsy was performed showing three glomeruli with
minor morphologic alterations (focal glomerular basal mem-
brane thickening) without sclerosis (Figure 1). Neither immune
deposits nor amyloid were identified. Tubules showed acute
tubular injury and a diffuse increase of protein reabsorption
(Figure 2). There was mild chronic unspecific interstitial inflam-
mation without plasma cells. A single glomerulus was examined
with electron microscopy, with diffuse podocyte foot process ef-
facement, in association with foci of microvillus transformation
of podocytes (Figure 3). Glomerular basement membrane was
normal in thickness and ultrastructure. Mesangial spaces were
preserved. No crystalline structures or immune or organized de-
posits were identified. The biopsy findings were consistent with
an MCD, although unsampled FSGS could not be ruled out due
to the scant number of examined glomeruli.
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Table 1. Clinical and analytical characteristics of three reported cases

Patient 1 Patient 2 Patient 3
Hematological disease IgM K WM IgG K MM IgG » MM
Age at diagnosis (years) 67 86 72
Renal disease onset after hematological diagnosis (months) 52 0 312
Renal function at diagnosis [GFR (MDRD; mL/min/1.72 m?)] 55 60 83
Protein:creatinine ratio (mg/g) 26 350 3565 1849
Urine monoclonal component (%) 2.81 64.8 0
Serum monoclonal component (%) 50.9 4 -
Serum albumin at renal disease diagnosis (g/dL) 21 3.2 4.1
Nephrotic syndrome (yes/no) Yes Yes No
Renal pathology diagnosis Podocytopathy MCD FSGS
Renal replacement therapy No No No
Hematological remission uT uT uT
Renal remission CR PR PR
Renal replacement therapy No No No
Renal disease’s specific treatment Steroids Steroids No
Other treatments PEX - -

CR: complete remission; PEX: plasmapheresis; PR: partial remission; UT: under treatment.

FIGURE 1: Patient 1. Optical morphology of the glomeruli. H&E: hematoxylin and eosin stain; PAS: periodic acid-Schiff stain; JMS: Jones methenamine stain; TRIM:

Masson’s trichrome. Magnification x600.

The patient was treated with plasma
exchange for hyperviscosity (five treatments) and with
chemotherapy based on bendamustin and rituximab. At
the same time, 1 mg/kg/day of prednisone was started for
nephrotic syndrome treatment. To date, the patient has gone
through five R-bendamustin cycles. The patient presented with
complete remission 8 weeks after treatment with prednisone
and currently shows <300 mg/mg UPCR and normal renal
function. Serum IgM levels decreased to <1000 mg/dL and the
patient shows no symptomatology attributable to WM.

Patient 2

An 86-year-old male was referred to nephrology due to detec-
tion of proteinuria in September 2013. Initial UPCR determi-

nation was 3565 mg/g with normal renal function (creatinine
1.16 mg/dL and GFR 60 mL/min/1.72 m?), urinary immunofix-
ation evidenced « Bence-Jones proteinuria (657 mg/dL). Serum
immunosubtraction proved the presence of an IgG « monoclonal
gammopathy and thus the patient was referred to hematol-
ogy. Bone marrow aspiration was consistent with IgG « MM.
Renal biopsy was performed, showing 16 glomeruli, some of
them globally sclerosed (12.5%), and none of them with seg-
mental sclerosis. Evaluable glomeruli showed minor optical al-
terations (mild glomerular basement membrane thickening).
Tubules showed focal tubular acute injury and arteries showed
moderate arteriosclerosis and moderate arteriolar hyalinosis.
Immunofluorescence microscopy showed no immune deposits.
Two glomeruli were available for electron microscopy with mild
and segmental collapse of capillary lumens. Focal and segmental
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FIGURE 2: Patient 1. Cortical tubules showing a diffuse increase in protein reab-
sorption. Absence of abnormal casts. Jones methenamine stain; magnification
x400.

podocyte foot process effacement was detected. Podocyte cyto-
plasm showed edematous change and focal microvillus trans-
formation, one of them containing one cytoplasmic pseudocyst
(Figure 4). Glomerular basement membranes presented normal
thickness and no ultrastructural alterations. Mesangial spaces
were within the normal limits. With these results in correlation
with light and immunofluorescent microscopy data, MCD was
suggested.

The patient was first treated with a chemotherapy regi-
men based on melphalan and prednisone, completing nine
cycles, until 2016, when progression of the disease was de-
tected and a second-line treatment based on lenalidomide and
dexamethasone was started. In August 2018, new progression
of the disease was detected and a third-line treatment was
started with daratumumab and bortezomib, completing nine
cycles. To date, the patient is under treatment with daratu-
mumab and dexamethasone. Tumoral progressions in 2016 and
2018 were associated with a relapse of proteinuria, respond-
ing to the different treatment lines. Initially prednisone was
started at a dose of 1 mg/kg/day (60 mg maximum per day) for
MCD treatment. In February 2015 the patient presented a re-
lapse of proteinuria, so prednisone treatment was reintroduced
with progressive decrease in proteinuria. To date, the patient
presents a partial remission of MCD, with 24-hour proteinuria of
500 mg/day and normal renal function (creatinine 0.89 mg/dL,
GFR 77 mL/min/1.72 m?).

Patient 3

A72-year-old male was diagnosed with MM in April 2007. Plasma
immunosubtraction found the presence of a monoclonal peak
of IgG . Since diagnosis the patient has required different lines
of treatment for different relapses. In July 2018, proteinuria of
1580 mg/day was detected for the first time, coinciding with
a peak of A levels of 2700 mg/L. Proteinuria diminished at the
same time as 1 levels after the new treatment was started. Af-
terwards, in July 2019, proteinuria of 1638 mg/24 h was again de-
tected and a new increase of A levels was observed. Proteinuria
increased to a maximum of 4300 mg/24 h and his chemother-
apy was changed to carfilzomib/dexamethasone with very good
partial remission. However, proteinuria had a slow decline, with
the presence of 50% of albuminuria. Thus the patient was re-
ferred to nephrology for persistent proteinuria (1624 mg/24 h)
and a renal biopsy was performed. The renal biopsy showed 20
glomeruli, 1 of them globally sclerosed and 3 of them with seg-
mental sclerosis. The rest of the glomeruli did not show optical

alterations. Tubules showed mild atrophy and moderate inti-
mal thickening and mild arteriolar hyalinosis were observed in
the arteries. Immunofluorescence microscopy showed no im-
mune deposits. Two glomeruli were available for electron mi-
croscopy, one of them with sclerosis, the viable glomerulus with
diffuse podocyte foot process effacement (>50%), in associa-
tion with foci of microvillus and vacuolization transformation
of podocytes. Glomerular basement membranes had preserved
architecture and some were thickened, ranging between 416
and 589 nm with an average thickness of 485 nm. Neither crys-
talline structures or immune or organized deposits were identi-
fied. Mesangial spaces were within the normal limits. With these
results, FSGS was suggested. The patient did not fulfill clinical
or analytical criteria for nephrotic syndrome and renal func-
tion was preserved. To date, proteinuria has decreased to 910
mg/day with only chemotherapy.

Literature review

In the past 2 decades, nine different cases have been reported
of patients with monoclonal gammopathy developing a primary
podocytopathy. These cases are summarized in Table 2. Most of
the reports correspond to male patients (77.7%). A total of four
WM, four MM and one single case of monoclonal gammopathy
of uncertain significance (MGUS) were reported. Most of them
(66.6%) showed « M protein, whereas in 33.3% of cases these data
were not available. We found three cases of MCD, while the rest
consisted of FSGS, two of which presented as collapsing FSGS
variant. These data are consistent with other reported case se-
ries, such as the one by Kofman et al. in 2014 [16]. They con-
ducted a retrospective study of 18 patients with MCD in the con-
text of non-Hodgkin lymphoma (NHL). They found that 33.3% of
the patients had an underlying diagnosis of WM, 5.5% MM and
22.22% B-type CLL. The remaining patients were diagnosed as
mantle cell lymphoma (MCL), peripheral T-cell lymphoma (PTCL)
or marginal zone B-cell lymphoma. According to this study, MCD
was preferentially associated with B-cell neoplasms. The ma-
jority of cases (55%) had « M protein and a single patient had
a A monoclonal component associated to WM. No electron mi-
croscopy was performed.

In 2005, Dingli et al. [17] reported a cohort from the Mayo
Clinic database of 13 patients with idiopathic FSGS and a mon-
oclonal cell disorder. In this cohort, most of the patients were
males (85%) and the majority were diagnosed with an MGUS
(69%). The median age at onset was 65 years, except two pa-
tients who were diagnossed at <50 years of age. Presentation
with nephrotic syndrome was not unanimous. In our review,
of nine patients, 55.5% presented with a nephrotic syndrome,
while in Dingli et al. [17] it was only 23% presented like this. Pa-
tients diagnosed with MCD are more frequently associated with
nephrotic syndrome. In the current literature review, all MCD pa-
tients initially presented as nephrotic syndrome. In the study by
Kofman et al. [16], all 18 patients exhibited typical features of
nephrotic syndrome (all of them with light microscopy studies
consistent with MCD).

DISCUSSION

Herein we present three cases of patients that presented a mon-
oclonal gammopathy and developed a podocytopathy (either
MCD or FSGS). It is not common to find these two entities in
the same patient and the mechanism by which this occurs still
needs to be elucidated.
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FIGURE 4: Patient 2. Electron microscopy showing podocyte foot process effacement (black arrows), microvillus transformation (white arrows) and occasional cyto-

plasmic pseudocysts (red arrow).

Renal manifestations of hematological diseases have
grown in importance over the past few years. It should be
noted that since the term MGRS was coined in 2012 by the
International Kidney and Monoclonal Gammopathy Research
Group, interest among nephrologists concerning monoclonal
gammopathies has become more evident. Podocytopathies
represent a challenge since etiological mechanisms are not
fully understood. MCD is a clinical condition characterized
by heavy proteinuria and nephrotic syndrome. Immunoflu-
orescence staining is typically negative and podocyte foot
process effacement can be detected only by electron mi-
croscopy. FSGS typically refers to a description of glomerular

damage and is typically associated with heavy proteinuria
and nephrotic syndrome, but kidney biopsies typically show
sclerotic lesions that involve focal segments of glomeruli
and are associated with variable podocyte foot process
effacement [9-11].

Podocytopathies can be primary or secondary to an under-
lying disease. Multiple studies have hypothesized a direct rela-
tionship with a definite trigger or cause. MCD has been reported
in association with major blood disorders such as Hodgkin lym-
phoma and NHL, as described by Kofman et al. [16] Other lym-
phoproliferative disorders such as MM and epithelial malignant
neoplasms have also been described in patients presenting with
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heavy proteinuria and MCD. It is interesting to note that since
these relationships exist, the hypothesis of a circulating factor
that can trigger podocyte damage has been discussed in recent
years.

MCD and FSGS have historically been described as different
entities. Nowadays this separation is under discussion, since
both entities have a similar clinical behavior. Several authors
propose these two entities to be different histological manifes-
tations of the same underlying disease. In the past few years the
term idiopathic nephrotic syndrome (INS) has gained popularity
[11]. To date, no determinant circulating factor has been identi-
fied for either form of INS.

As commented above, the fact that MCD and FSGS can be
related to underlying diseases contributes to the hypothesis of
an underlying circulating factor that provokes podocyte injury,
disturbing its function and increasing glomerular permeability.
Several factors have been pointed to as potential candidates.
FSGS permeability factors include cardiotrophin-like cytokine
1 and soluble urokinase receptor, among others. MCD studies
have focused on cytokines. Nonetheless, to date, studies have
failed to identify a single permeability factor for both entities
[11]. In the cases we reported, the link of a hematological under-
lying disease with the onset of a renal disease such as MCD and
FSGS strengthens, as far as we are concerned, the possibility of a
circulating factor when a B-cell neoplasm has to be found. This
hypothesis seems to be supported by the fact that sometimes
progression of the hematological neoplasm worsens proteinuria
(as described in patients 2 and 3). In our cases, the treatment
of monoclonal gammopathies with renal manifestations is
not decided by the renal histology, but rather by the nature
of the clone producing the M protein. Therefore, attacking the
monoclonal gammopathy would diminish the production of a
circulating factor that causes podocyte injury [12].

In MM, Igs, or light chains have been described to present
structural changes that alter their molecular charge. This hap-
pens because it seems there is an alteration in the cationization
and glycosylation processes [13]. This is important because, as
previously known, the glomerular filtration barrier not only dis-
criminates on a size basis, but as Brenner et al. [14] described
in 1978, for a given molecular size there is different clearance
of a substance if there is a change in its molecular charge. Thus
charge shifts in plasma proteins seen in lymphoproliferative dis-
orders as described in MM could become potential circulating
effectors for podocyte injury. For all this, the particular role of
Igs in the setting of an MCD, and therefore in FSGS, needs to be
studied.

Some observational studies have tried to elucidate an epi-
demiological link between a monoclonal gammopathy and the
presence of a primary podocytopathy. Bergén and Miravalles [15]
described a prevalence of monoclonal gammopathies of 0.19% in
a Spanish cohort. The prevalence increased with patient age and
for patients >60 years of age, such as our cohort, the prevalence
was 1.86%.

Between 2010 and 2020 FSGS and/or MCD was reported in 163
renal biopsies. This represents a prevalence of 1.84%. Using the
prevalence observed by Bergdn and Miravalles [15] and assum-
ing a Poisson distribution, the Poisson probability of observing
at least three cases with an expected mean of 1.86 is 0.3.

In our three reported cases, as seen in Figure 1, the on-
set of renal disease was not necessarily simultaneous to
the hematological diagnosis. Patient 1 began with an overt
glomerular proteinuria 52 months (4.3 years) after the onset of
the hematological disease (WM), noticing that MCD appeared
simultaneously with severe progression of WM that began with
a nephrotic syndrome and hyperviscosity symptomatology and

| 423

was eligible to start treatment. Patient 2 was simultaneously
diagnosed as both MM and overt proteinuria and patient 3
was diagnosed a decade after the onset of MM and after being
treated with multiple treatment lines since the diagnosis.

The natural history of INS in the context of a monoclonal
gammopathy remains unknown and represents a subject of
study. The 18 cases of MCD associated with NHL reported by Kof-
man et al. [16] had different onset timing. They differentiated
three different groups. In group 1, MCD preceded NHL by at least
3 months (4-20 months); in group 2, the onset of both entities
was simultaneously; and in group 3, NHL preceded MCD by at
least 3 months (3-26 months). In this study, the largest group
was group 2, with a total of 10 patients. This was the group in
which a greater heterogeneity of lymphoid disorders was found:
WM (n = 3), marginal zone lymphoma (MZL; n = 4), CLL (n = 1),
MCL (n = 1) and PTCL (n = 1). No MM was found in that group.
This differs from our patient 2, who was diagnosed as MM at the
same time as MCD. In the previously mentioned study, group 3
is interesting from our point of view since all four patients were
diagnosed with WM (n = 3) and MM (n = 1). On the other hand,
group 1 had four patients diagnosed as CLL or MZL. It is not pos-
sible to draw conclusions from a retrospective study like the one
mentioned, but still it is striking that our three reported cases do
not totally escape from the description and group differentiation
that Kofman et al. [16] described.

When it comes to treatment options among these patients,
different strategies have been described in the literature de-
pending on clinical features and monoclonal gammopathy,
mainly based on chemotherapy. For instance, Dingli et al. [17]
reported that all four patients with MM and FSGS responded
to chemotherapy with a decrease in proteinuria (two presented
a partial remission and two presented a complete remission).
In our review, FSGS was most commonly associated with par-
tial remission or no remission. Although FSGS may respond to a
corticosteroid-based therapy, it is usually associated with a low
response. It is worth mentioning that steroid therapy received in
idiopathic FSGS may differ from the steroid therapy associated
with chemotherapy [16, 17]. Treatment for neoplasms is inter-
mittent while a steroid regimen in FSGS or MCD is usually daily.
From the literature review we conducted, all three patients pre-
senting with MCD had a complete remission. All received cor-
ticosteroids; one as treatment of the nephrotic syndrome and
the other two associated with chemotherapy for the underly-
ing neoplasm. On the other hand, patient 2 presented a partial
remission despite treatment with prednisone for the underlying
MCD. It is interesting to note that patient 2 had a difficult control
of its proteinuria when neoplasm progressed. Kofman et al. [16]
described that in their study all patients received steroids, either
alone or associated with chemotherapy. In this study, 14 of 18 pa-
tients were treated with standard steroid protocol (in the case of
idiopathic MCNS). All of them presented with complete remis-
sion and the mean duration of steroid therapy for groups 1 and
2 was 6.1-6.9 months while for group 3 (NHLS precedes MCNS
by at least 3 months) was 13 months. They also suggested that
relapse was more common when MCD and NHL did not occur
simultaneously (group 1 and 3).

In conclusion, there is information showing that podocy-
topathies may be found in the setting of a monoclonal gam-
mopathy with an inherent link between both entities. It seems
that some of monoclonal gammopathies (MM, WM, MGUS)
might be promoters of podocyte injury and therefore help
in the development of MCD or FSGS. This happens more of-
ten when a « monoclonal component is found. The idea that
these entities share a pathophysiologic mechanism is supported
by the temporal relationships that we described and by the
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fact that chemotherapy seems to have a positive effect on
proteinuria.
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