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Summary Monoclonal gammopathy of renal signifi-
cance (MGRS) encompasses a group of kidney disor-
ders in which a monoclonal immunoglobulin secreted
by a B cell or plasma cell clone causes renal dam-
age, without meeting hematological criteria for malig-
nancy. The underlying disorder in patients with MGRS
is generally consistent with monoclonal gammopathy
of undetermined significance (MGUS). Because of the
wide spectrum of MGRS-associated diseases, defined
through the location and mechanism of renal injury,
it is often challenging to establish the right diagnosis.
Kidney biopsy must be considered early; hence, close
cooperation between hematologist and nephrologists
is crucial in diagnosis and treatment from the begin-
ning to prevent irreversible organ damage. Anti B-cell
or plasma-cell clone directed therapy with cytostatic
or immunomodulatory agents can save and amelio-
rate renal function significantly. This is underlined
by the fact that, untreated, MGRS-associated disease
shows early recurrence in patients after kidney trans-
plantation.

Keywords MGRS - Onco-nephrology - Monoclonal
gammopathy - Renal failure - Monoclonal
gammopathy of undetermined significance - Renal
light-chain injury

Abbreviations
AL Light chain amyloidosis
cHR Complete hematological response

T. Reiter, MD (<)

Division of Nephrology and Dialysis, Department of
Medicine III, Medical University of Vienna, Vienna, Austria
thomas.reiter@meduniwien.ac.at

M. Nackenhorst, MD
Department of Pathology, Medical University of Vienna,
Vienna, Austria

CKD Chronic kidney disease

CKD-EPI  Chronic Kidney Disease—Epidemiology
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FFPE Formalin fixed paraffin embedded

GBM Glomerular basal membrane

GFR Glomerular filtration rate

GN Glomerulonephritis

MGUS Monoclonal gammopathy of undeter-
mined significance

MGRS Monoclonal gammopathy of renal signif-
icance

MIDD Monoclonal immunoglobulin deposition
disease

MM Multiple myeloma

MPGN Membranoroliferative glomerulonephri-
tis

PGNMID  Proliferative glomerulonephritis associ-
ated with monoclonal immune deposits

POEMS Polyneuropathy, organomegaly, endo-
crinopathy, myeloma protein, and skin
changes

RCT Randomized controlled trial

T™MA Thrombotic microangiopathy

VGPR Very good partial response

Introduction

In three percent of a general population over the age
of 50 years, monoclonal gammopathy of undeter-
mined significance (MGUS) can be found [1]. MGUS
is defined as a premalignant condition, characterized
by the presence of a monoclonal immunoglobulin or
its fragments <30g/l in serum and <10% of mono-
clonal bone marrow plasma cells in a patient who
does not show any further organ damage attributable
to the monoclonal immunoglobulin [2]. The mono-
clonal immunoglobulins are either products of plasma
cells or (small) B cell clones, as they occur in condi-
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tions such as multiple myeloma, chronic lymphatic
leukemia (CLL), Waldenstrom’s macroglobulinemia,
or low-grade lymphoma.

Progression of MGUS to a hematologic malignancy
shows a risk of 1% per year and is indicated by the
occurrence of disease-defining events [3]. Multiple
myeloma is defined by increase of FLC ratio (in-
volved:uninvolved serum free light-chain ratio) =100,
an increase to monoclonal bone marrow plasma cells
>60% or more than one lytic bone lesion over 5mm in
diameter on magnetic resonance imaging (MRI) [3].
All criteria of differentiation between a premalignant
or malignant state include any form of tumor or cell
burden.

However, a wide spectrum of renal injuries is asso-
ciated with the presence of monoclonal immunoglob-
ulins, aside from meeting criteria of hematologic
malignancy. This indicates paraprotein-associated
nephrotoxicity, independent from the serum-concen-
tration of the toxic monoclonal protein is causal for
the renal injury.

Taking this into account, in 2012, the Interna-
tional Kidney and Monoclonal Gammopathy Research
Group (IKMG) introduced the term of monoclonal
gammopathy of renal significance (MGRS) [4].

In a recent consensus statement, the definition was
further narrowed and defined. The term MGRS now
applies specifically to any clonal B-cell lymphopro-
liferative or clonal plasma-cell proliferative disease
with two characteristics: First, one or more kidney
lesions must be related to the (produced) monoclonal
immunoglobulin. Second, the underlying B cell or
plasma cell clone must not be detectable in periph-
eral blood or bone marrow. The disease-initiating
paraprotein can be produced by a localized clonal
disease-manifestation as localized plasmacytoma or
localized lymph nodes in low grade non-Hodgkin
lymphoma (NHL). Therefore not only blood, urine
and bone marrow analses should be performed but
also whole-body examination with CT scan or PET-
CT scan should be considered [5].

When and why to think of MGRS

The incidence of MGUS increases with age (3% in pa-
tients >50 years, 5% in patients aged >70 years and
up to 8% in patients aged 80 years or more) [5]. The
incidence of chronic kidney disease (CKD) also in-
creases up to 3.5% in Austria after the age of 60 years
[6] and physiologically, glomerular filtration rate de-
creases after reaching its peak at the age of about
20 years. Therefore, a patient can have CKD and
MGUS that are completely unrelated. It is crucial that
nephrologists and hematologists cooperate closely to
determine whether a renal impairment is caused by
MGRS. The importance of this cooperation is under-
lined by the fact that patients with untreated MGRS
are at high risk of developing end stage renal disease
with dependence on maintenance dialysis or even the

need of kidney transplantation. In a study of 19 pa-
tients with monoclonal immunoglobulin deposition
disease (MIDD), an MGRS entity, renal survival was
only 37% despite overall survival in this cohort being
70% [7]. Maintenance dialysis had worse unadjusted
5-year survival (50.8%; 95% confidence interval [CI]
50.1-51.6%) compared with prostate (83.3%) and col-
orectal (56.1%) cancer in men and worse unadjusted
5-year survival (49.8%) compared with breast (82.1%)
and colorectal (56.8%) cancer in women [8]. Further,
untreated MGRS has a high rate of recurrence in trans-
plant recipients and can lead to rapid graft loss [9].
Therefore, any reluctance of treatment initiation crit-
ically reduces the patient’s survival.

Spectrum of disease and clinical manifestations

MGRS encompasses a multitude of pathologies and
clinical manifestations (Table 1). Regarding the loca-
tion of the lesion in the kidney, the clinical presenta-
tion of MGRS may include a rapid decline in glomeru-
lar filtration rate and function by presence of protein-
uria and/or albuminuria in small or even nephrotic
range, hematuria or glucose and serum electrolyte dis-
orders, indicating Fanconi syndrome cause by tubular
injury. The pathologic spectrum of MGRS-associated
disorders can mimic an otherwise classified renal dis-
eases.

The most common renal manifestations in MGRS
are renal light-chain amyloidosis (AL amyloido-
sis), monoclonal immunoglobulin deposition disease
(MIDD) and cryoglobulinemic glomerulonephritis.
Nevertheless, the monoclonal immunoglobulin can
also work as a fully functional antibody and cause
otherwise unrelated renal manifestations. For ex-
ample, the monoclonal immunoglobulin can mimic
antibodies directed against the renal glomerular basal
membrane (GBM). In this case the patient would
clinically present with Goodpasture syndrome, al-
though regular antibodies against GBM could not be
found with conventional assays [10]. As described in

Table 1 MGRS-associated diseases. (Modified from [5])
Monoclonal immunoglobulin deposits

Organized

Fibrillar Microtubular Inclusions/crystalline deposits
Immunoglobulin- Immunotactoid GN  LCPT

related Amyloidosis

Monoclonal fibrillary  Cryoglobulinaemic ~ Crystal storing histiocytosis
GN GN type 1 &I (Cryo) crystalglobulin GN
Non-organized

MIDD

Proliferative glomerulonephritis associated with monoclonal immune
deposits (PGNMID)

No monoclonal immunoglobulin deposits

C3 glomerulopathy with monoclonal gammopathy
Thrombotic microangiopathy

GN glomerulonepbhritis, LCPT light chain proximal tubulopathy
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several case series monoclonal immunoglobulins can
also act as antibodies against complement regulators
and consequently cause thrombotic microangiopathy
(TMA) [11].

In both of the examples above the determination of
the underlying cell clone can be challenging. Hence,
MGRS must be considered in all autoimmune renal
disease as a rule-out diagnosis. A previously stated
diagnosis must be re-evaluated, especially in clinical
courses refractory to standard immunosuppression.

Untreated, MGRS-associated renal disease does un-
fortunately show early recurrence (60-89%) after kid-
ney transplantation and leads to rapid loss of allograft
function [12, 13].

Diagnostic approach

Although most patients will present with symptoms
of renal impairment, with proteinuria (>300mg/day)
and with or without hematuria, all patients with
MGUS should be screened on a regular (at least every
3 months) basis for the following parameters:

e Spot urine examination to determine proteinuria,
albuminuria and hematuria, spot urine electrolytes.

e Serum creatinine and estimation of glomerular fil-
tration rate (CKD-EPI)

e Serum electrolytes and glucose levels

If not previously performed, the lab work also includes
serological and urine electrophoresis, immunofixation
in serum and urine, and measurement of free light
chain concentration in the serum and 24 h urine col-
lection. Furthermore, a urinary sediment should be
evaluated for hematuria or signs of nephritic changes.
Immunofixation in 24 h urine collection can be pivotal
to determine the underlying clone. In contrast, the
urinary free light chain concentration in spot urine
does not have any known value with regard to these
disorders. For correct diagnosis and monitoring of
a monoclonal paraprotein the free light chain con-
centration in 24 h urine collection is of pivotal impor-
tance.

Bone marrow biopsy for hematologic analysis and
further whole-body examinations should be per-
formed in accordance with the hematologists.

If the development of rapid deterioration of kid-
ney function indicated by a decline of eGFR of
>2ml/min/1.73 m? per year and the patient has a pre-
known MGUS, MGRS-associated disease must be
suspected. These patients have to undergo kidney
biopsy. This is the gold standard for diagnosis, and
the complex histological workup will give guidance
for the further treatment. Complications of kidney
biopsies, such as major bleeding, are rare and com-
patible with those of renal transplant biopsies (4.0
and 3.3% respectively, p=0.4) (Table 2; [14, 15]).

Table 2 Indications for renal biopsy. (Modified from [5])
CKD  eGFR (CKD-EPI) Urine findings Other
stage findings
Biopsy 3and <60ml/min/1.73m? Proteinuria, hematuria ~ Fanconi
advised higher & Albumin:creatinine ratio syndrome

decline >300mg/dl (hy-
>2ml/min/1.73m% pourice-
year mia)
Biopsy 1.2 <60ml/min/1.73m? Albumine:creatinine =
consid- ratio 30-300m mg/dL
ered Hematuria
Evidence of light chain
proteinuria

eGFR estimated glomerular filtration rate, CKD-EPI Chronic Kidney Disease
Epidemiology Collaboration, CKD chronic Kidney diseases

Histological findings

While clinical manifestations are associated with the
renal location of the lesion, the systematic classifica-
tion of MGRS is guided by the type of organization
of monoclonal immunoglobulins in the lesion. Ba-
sically MGRS lesions are divided into organized and
nonorganized patterns with several subdivisions and
further into non-immunoglobulin deposit conditions
(Table 1). MGRS has an abundance of light-micro-
scopic and ultrastructural manifestations that can be
challenging to interpret [16].

Light microscopy: For a first overview 2-3um sec-
tions from formalin fixed and paraffin embedded
(FFPE) material are stained with HE (hematoxilin-
eosin), PAS, a silver stain (see Fig. 1) and a trichrome
stain. This allows a first assessment of predominant
pathologies, like deposition of matrix suspicious for
amyloidosis in glomeruli, blood vessels and/or the
interstitium; thickening of the intraglomerular capil-
lary walls potentially indicating immune-complex or
light chain deposition; “hyaline” thrombi in glomeru-
lar capillaries as seen in cryoglobulinemia; or tubular
casts suspicious for cast nephropathy. For the diagno-
sis of amyloid deposition a positive Congo red stain
(apple-green birefringence under polarized light) per-
formed on a 5-6 um thick section from FFPE material
is mandatory and is at times essential to detect small
deposits that can be easily overlooked in other stains
[17, 18].

Immunohistochemistry/Immunofluorescence: Mul-
tiple MGRS-associated pathologies show immunohis-
tochemical abnormalities (light chain restrictions
in cast nephropathy and AL amyloidosis, LCDD
(Light Chain Deposition Disease), C3 deposits in C3
glomerulopathies, etc.). It is imperative to distinguish
these entities by thorough immunohistochemical
analysis with staining for 1gG, IgM, IgA, C3 and Clq
as well as kappa and lambda light chains to iden-
tify monotypic deposits. This can be performed by
immunohistochemistry on FFPE material with the
advantage of colocalizing deposition of immunoglob-

100 Monoclonal gammopathy of renal significance

@ Springer



short review

Fig. 1 Renal AL amyloidosis. a PAS staining; showing in-
terstitial and glomerular, hyaline and amorphous deposits (as-
terisk). b Lambda light-chain staining; identifying amyloid as

ulins and/or complement factors to regions of interest
seen in histological stains. Alternatively, as it is cus-
tom in several countries, a second core or part of the
renal biopsy can be used unfixed for direct or indi-
rect immunofluorescence on frozen sections. This
method may be beneficial in case of high background
sometimes seen in sections from FFPE material and
thus higher specificity. (see Fig. 1)

Ultrastructural analysis: The last step to define
the MGRS manifestation is the ultrastructural anal-
ysis. Electron microscopy can confirm light chain
deposition disease and help to differentiate between
intramembranous, subepithelial and subendothelial
deposits, but also identifies mesangial deposits. Fur-
ther, it can define the structure of deposits seen:
Fibrillary deposits are found in Ig-related amyloidosis
and fibrillary glomerulonephritis (GN), microtubules
are found in immunotactoid GN and can be found in
type 1 cryoglobulinemic GN [19, 20]. Crystal forma-
tion can be found in light chain proximal tubulopathy
and crystal storing histocytosis [21, 22]. Nonorganized
deposits are found in the monoclonal immunoglob-
ulin deposition diseases (MIDD), PGNMID and C3
glomerulopathy, with associated monoclonal gam-
mopathy. C3 glomerulopathy encompasses dense
deposit disease (DDD) with prominent intramembra-
nous and to a lesser extent mesangial deposits, as
well as C3 glomerulonephritis with less well defined
mesangial, intramembranous and subendothelial de-
posits [23].

Treatment

After diagnosis of an MGRS-associated disease, ther-
apy should be initiated immediately. The goal of
MGRS therapy is to eliminate the underlying clone,
while preserving or ameliorating kidney function.
The clonal-directed treatment should be managed by
hematologists and nephrologists in close coopera-
tion. For the management of these complex diseases
interdisciplinary cooperation between nephrologists,
hematologists, specialized nephropathologists, radi-
ologists and transplant specialists is of utmost im-
portance. Thus, diagnosis and treatment should be

lambda light-chain restricted. ¢ Methenamine silver staining;
amyloid is not stained and leaving lacunae in basal membrane.
Copyright is with the author

performed in specialized centers with high level of
experience.

Take home message

Untreated, MGRS leads to end stage renal disease and
unfortunately, to rapid loss of graft function in patients
after kidney transplantation. Interdisciplinary coopera-
tion is crucial for renal and overall survival.
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