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Recent years havewitnessed a rapid growth in our understanding of the pathogenic property

of monoclonal proteins. It is evident that some of these small monoclonal proteins are

capable of inducing end-organ damage as a result of their intrinsic physicochemical

properties. Hence, an umbrella term, monoclonal gammopathy of clinical significance

(MGCS), has been coined to include myriad conditions attributed to these pathogenic

proteins. Because kidneys are the most commonly affected organ (but skin, peripheral

nerves, and heart can also be involved), we discuss MGRS exclusively in this review.

Mechanisms of renal damage may involve direct or indirect effects. Renal biopsy is

mandatory and demonstration of monoclonal immunoglobulin in kidney, along with the

corresponding immunoglobulin in serum or urine, is key to establish the diagnosis.

Pitfalls exist at each diagnostic step, and a high degree of clinical suspicion is required to

diagnose MGRS. Recognition of MGRS by hematologists and nephrologists is important,

because timely clone-directed therapy improves renal outcomes. Autologous stem cell

transplant may benefit selected patients.

Introduction

Recently, it was recognized that a small number of patients with a monoclonal gammopathy (MG) in the
serum/urine do not meet the criteria for the diagnosis or treatment of symptomatic multiple myeloma
(MM), Waldenstrom macroglobulinemia (WM), chronic lymphocytic leukemia (CLL), or other malignant
non-Hodgkin lymphomas (NHLs) present with renal dysfunction and pathological findings on renal
biopsy specimens.1-3 As a result, the term “monoclonal gammopathy of renal significance” (MGRS)
was coined in 2012 to increase awareness among hematologists and nephrologists and to consider
initiation of appropriate therapy.2 Although clone-directed therapy leads to improves renal outcome, not
all patients with renal impairment and MG of undetermined significance (MGUS) have MGRS, and
diagnosis of MGRS depends on the appropriate clinicopathological context.2 In this article, we review
the definition, epidemiology, pathogenesis, and classification of MGRS. Current concepts in the
understanding of MGRS diagnosis, management, and renal outcomes are also highlighted. Description
of the 2 real-world cases of MGRS is provided in the supplemental Data.

MGRS: background

MG refers to the presence of monoclonal immunoglobulin in the serum/urine in its intact form or
as fragments produced by an expanded clone of B cells, plasma cells, or lymphoplasmacytic cells.
Whereas plasma cells secrete a range of monoclonal proteins, intact immunoglobulin (immunoglobulin
G [IgG]. IgA. IgM. IgD. IgE), and free light chains, B cells and lymphoplasmacytic cells typically
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produce IgM . IgG.3,4 MGUS and smoldering MM (SMM) are
plasma cell dyscrasias (PCDs) that are characterized by the
absence of end-organ damage.1 The prevalence of MGUS in the
general population is ;0.7% and increases with age (3.2% in
people older than 50 years, and 5.3% in those older than 70 years).
The risk of progression to MM in MGUS is variable (0.5%-1.5% per
year) depending on risk factors.5 Because end-organ damage is not
a feature of MGUS, it is considered “benign,” and treatment of
this entity with antimyeloma therapy is not recommended. Current
consensus suggests monitoring of serum paraprotein level, serum
free light chains (sFLCs), blood counts, and organ chemistry to look
for end-organ damage.6

A small percentage of patients with renal impairment have
a “nonmyeloma”MG at the time of initial presentation or one that
is detected later during follow-up. In a further observation, a retrospec-
tive review of 5410 kidney biopsies showed that 2.5% had monoclonal
Ig deposition. Typically, these patients had a small paraprotein in
the serum/urine and were labeled as having MGUS, as per the
International Myeloma Working Group diagnostic criteria.7 There-
fore, MGUS in these patients could no longer be considered
benign, and the hemato-nephrological term MGRS was introduced
in 2012 to emphasize the importance of MG in the setting of renal
disease. MGRS encompasses a group of renal disorders with
a range of renal pathology findings in the presence of an MG. The
size of the paraprotein and the associated B-cell clone (“small
dangerous B-cell clone”) is typically small.8 Conventionally, renal
damage in the setting of high tumor burden (symptomatic MM,
WM malignant lymphoma, and CLL) is not considered MGRS.2

Recently, the International Kidney and Monoclonal Gammopathy
Research Group (IKMG) updated the definition of MGRS to include
all B-cell/plasma cell clonal proliferative disorders not requiring im-
mediate treatment of the clonal disease: SMM, smoldering WM,
low-grade CLL, and low-grade NHL (marginal zone lymphoma,
mantle cell lymphoma, and mucosa-associated lymphoid tissue
lymphoma).9 Nephrotoxic monoclonal proteins are implicated in
the pathogenesis of MGRS directly or indirectly, as a result of their
unique physicochemical properties rather than the tumor bulk per
se.10 But caveats exist; patients with C3 glomerulopathy (C3G) and
renal-limited atypical hemolytic uremic syndrome (referred to as
thrombotic microangiopathy [TMA] in this article) with MG do not
demonstrate monoclonal protein deposition in the kidney, and
some patients with MGRS lack an identifiable monoclonal protein
(discussed under "Diagnosing MGRS: a challenge").4,11,12

Epidemiology and clinical importance

of MGRS

MGRS has been estimated from previous observations at 10% of
cases of MGUS, with a prevalence of 0.32% and 0.53% in people
older than 50 years and 70 years, respectively.5,13 Since its first
formal description in 2012, published evidence describe the natural
history of MGRS. Key findings from these studies are listed below.

Renal function declines in MGRS patients with a potential to
progress to end-stage renal disease (ESRD). Renal diseases
with MG (MGRS) have a worse renal survival (not requiring
dialysis or becoming dialysis independent) compared with
those without MGRS.14

Monoclonal proteins produced by B-cell/plasma cell clones mediate
MGRS; clone-directed therapy using novel chemotherapeutic

combinations results in improved renal survival.15 Treatment of
the underlying hematological disorder in light chain amyloidosis
(AL amyloidosis), monoclonal immunoglobulin deposition disease
(MIDD), proliferative glomerulonephritis (GN) with monoclonal im-
munoglobulin deposition (PGNMID), and C3G has resulted in
improved renal survival compared with no treatment or immuno-
suppressive medications.11,16-19

Recurrence after renal transplantation has been documented in
MGRS patients in whom incomplete hematological remission
was achieved before renal transplant, making complete hemato-
logical remission a prerequisite in MGRS when renal transplan-
tation is contemplated.20-27

There is an urgent need to maintain awareness of MGRS in routine
hematology, pathology, and nephrology practice, working in a multi-
disciplinary setting, to prevent end-stage renal damage and
surveillance to monitor for progression to an overt hemato-
logical malignancy.

Classification of MGRS

Renal parenchyma can be broadly divided into 3 structural
and functional compartments: glomerulus, tubulointerstitium,
and vasculature. Conceptually, monoclonal deposits in MGRS
can affect any or all of these compartments. Therefore, 1 way of
classifying MGRS is based on the dominant site of monoclonal
deposition (Table 1). It is an arbitrary schema because most
MGRS lesions involve .1 compartment within a single entity, and
significant overlap exists.5 Another method of classification relies
on the histological and ultrastructural findings (Figure 1).2,28 Both
classifications are pertinent: although the former is clinically relevant
because it helps to clarify the pathogenesis and clinical features of
MGRS, the latter is relevant from a diagnostic standpoint. Neverthe-
less, both schemes are commonly used together in clinical practice
for better clinicopathological correlation.

Pathogenesis of MGRS

Renal involvement can be seen in high and low tumor cell burden,
but the term MGRS is often restricted to the latter. This has been
clarified in a recent IKMG consensus to include all levels of tumor
burden, even when they do not automatically qualify for therapy.9

Unique physicochemical properties of the monoclonal protein,
as well as host factors like tissue pH, interaction with the local
environment, and tissue binding, contribute to the pathogenesis
of MGRS.9 The mechanisms of renal injury in MGRS fall into 2
broad categories based on the demonstration of monoclonal
protein in the kidneys: direct and indirect (Figure 2).29

Direct mechanisms

Renal handling of monoclonal proteins is variable; light chains and
truncated heavy chains are freely filtered across the glomerulus
owing to their small molecular weight, but intact immunoglobulin
molecules are entrapped in the glomerulus. Light chains are normally
internalized by the proximal tubular cells via receptor-mediated
endocytosis and degraded in the lysosomal system, resulting in
very small amounts of free light chains in the urine. Therefore,
renal injury resulting from the presence of intact immunoglobulin
molecules is limited to the glomerulus, whereas light chains and
truncated heavy chains can potentially affect all renal compart-
ments. We further classify the direct mechanism according to the
main site of injury: glomerular and tubulointerstitial.7,10,28-31
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Glomerular injury. Deposited light and truncated heavy
chains/immunoglobulin molecules interact with the resident glomer-
ular cells and activate signaling pathways that result in inflamma-
tion and tissue injury.10,32 This mechanism may explain the renal
damage seen in amyloidosis and MIDD. Amyloidogenic light chains
(VlVI) in AL amyloidosis change the properties of mesangial cells
to a macrophage type that endocytose them. As a result of their
intrinsically abnormal nature, light chains are partially digested,
converted to fibrils after misfolding, and finally secreted extracel-
lularly where they are deposited in association with other components
(apolipoprotein, serum amyloid protein) as amyloid fibrils. Increased
matrix metalloproteinases have also been implicated in mesan-
gial matrix destruction.33,34 Light chains (VkIV) in LCDD convert
mesangial cells into myofibroblasts, which, in turn, secrete excessive
mesangial matrix and platelet-derived growth factor (PDGF), leading to
a nodular glomerulosclerosis membranoproliferative appearance.35,36

A subset of membranous GN shows light chain restriction, usually k
on renal biopsy (Figure 1, “Miscellaneous” category).19,37 Mecha-
nisms of glomerular injury in other MGRS lesions, such as PGNMID,
ITG, FG, MPGN with monoclonal immunoglobulin, and cryoglobu-
linemic GN are poorly understood. Notably, the majority of FG cases
demonstrate polyclonal glomerular immunoglobulin deposition. Only
those cases with monotypic deposition (monoclonal FG; referred to
as FG in this article) are considered MGRS.28

Tubulointerstitial injury. Tubules and interstitium can be
affected by either light chains (most often k) produced in excess
with an intact immunoglobulin or rarely, truncated heavy chains,
which can be filtered across the glomerulus.7,38 When the resorptive
capacity of the tubules is outweighed by excess light chains, they
accumulate in proximal tubular epithelium and resist degradation
by the lysosomal proteases because of the unique variable domain
(Vk1). Interference with lysosomal function leads to generation
of reactive oxygen species, sustained inflammation, and tubular
constipation. LCPT is a broad term referring to proximal tubular

damage induced by light chains resulting in disrupted resorp-
tion capability, with or without Fanconi syndrome (FS) and acute
tubular injury. Progressive renal failure can ensue.7 Two main
morphological variants are described.

LCPT with inclusions: rhomboid, needle-shaped, or rectilinear eo-
sinophilic inclusions (periodic acid–Schiff [PAS] negative) are
found by light microscopy (LM). In all cases, k restriction can
be demonstrated by immunofluorescence, especially in pronase
digestion–treated sections. This condition is commonly associ-
ated with FS.7,39,40

LCPTwithout inclusions: excessive vacuolar or droplet changes, tubule
cell necrosis, detachment, and apical blebbing are common
findings on LM. In contrast with LCPT with inclusions, l light
chains might be the cause in one third of the cases, and electron
microscopy (EM) demonstrates cytoplasmic droplets and vacuoles,
with no evidence of crystalloid inclusions. The frequency of this
subtype is variable (13%- 77%).7,41,42

Indirect mechanisms

Monoclonal protein cannot be demonstrated in the kidney biopsy in
certain MGRS entities, supporting an indirect role for monoclonal
proteins in the pathogenesis.29 This view is strengthened by the
observation that the clone-directed therapy results in improved
renal outcome. Under this category, we would include 3 provisional
MGRS entities: C3G, TMA, and POEMS syndrome.11,12,43 The first
2 entities result from MG behaving as an autoantibody.28

C3G and TMA. C3G is a well-known entity that is charac-
terized by dominant C3 renal deposits by IF and, often, a GN with
a membranoproliferative pattern. C3 GN (C3GN) and TMA result
from dysregulation of the alternative complement pathway. Recent
reports described an unusually high prevalence of MG in C3GN and
TMA patients compared with the age-matched general population
(Table 2).11,12,44,45 Hypothetically, the monoclonal protein acts as an

Table 1. Classification of MGRS entities based on presence and site of deposition of monoclonal proteins in renal structures

MGRS with monoclonal protein deposition in renal structures

Glomerular deposition Tubulointerstitial deposition Intrarenal vascular deposition

Amyloidosis (AL/AH/AHL) LCPT with and without crystals Amyloidosis

Monoclonal fibrillary glomerulopathy CSH Crystalglobulinemia

Immunotactoid glomerulopathy Amyloidosis MIDD

Cryoglobulinemic GN (types I and II) MIDD Cryoglobulinemic GN (types I and II)

MIDD (LCDD/HCDD/HLDD)

PGNMID

MPGN associated with monoclonal immunoglobulin

MN secondary to monoclonal immunoglobulin

MGRS without monoclonal protein deposition in renal structures

Glomerular involvement Tubulointerstitial involvement Intrarenal vascular involvement

C3GN TMA

TMA POEMS syndrome

POEMS syndrome

AH, heavy chain amyloidosis; AHL, heavy and light chain amyloidosis; AL, light chain amyloidosis; C3GN, C3 glomerulonephritis; CSH, crystal-storing histiocytosis; HCDD, heavy chain
deposition disease; HLDD, heavy and light chain deposition disease; LCDD, light chain deposition disease; LCPT, light chain proximal tubulopathy; MN, membranous nephropathy; POEMS,
polyneuropathy organomegaly endocrinopathy monoclonal gammopathy, and skin changes.
Adapted from Ciocchini et al5 with permission.
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autoantibody against complement regulatory proteins, especially
complement factor H, or as a stabilizer C3 convertase (C3 nephritic
factor), resulting in sustained C3 activation. These mechanisms can
coexist in the same patient.44,45

POEMS syndrome. Microangiopathic renal lesions seen in
this syndrome are thought to be mediated by vascular endothelial
growth factor released by the clonal plasma cells. An in-depth
review of this feature is provided elsewhere.61

Clinical presentation

There is a wide spectrum of MGRS clinical presentations, with
variable combinations of proteinuria, hematuria, renal insufficiency,
hypertension, and hypocomplementemia. We find it useful to de-
scribe the constellation of these features as distinct syndromes
for better clinical applicability (Table 3).29 Broadly, glomerular
disorders present with nephrotic syndrome (NS) or nephritic-nephrotic
syndrome (variable combinations of proteinuria, hematuria, hyper-
tension, low complement levels, and renal insufficiency). Although
the former presentation is common in amyloidosis and MIDD, the
latter is more typical of proliferative glomerulopathies. Tubulointer-
stitial disorders (LCPT) usually present with tubular proteinuria,
electrolyte abnormalities, with/without progressive renal insuffi-
ciency, and FS. FS is manifested by global proximal tubular dysfunction

(ie, glycosuria, aminoaciduria, uricosuria, phosphaturia, and type 2 renal
tubular acidosis). Acute renal failure is typical of TMA.28,29 Extrarenal
manifestations may be superimposed on these entities (Table 4).
Clinical presentation may vary within a particular entity, depending
on the dominant site of injury. For example, amyloidosis may present
with progressive renal insufficiency rather than NS if renal vasculature
is the dominant site of amyloid deposition.28,29

Diagnosing MGRS: a challenge

Diagnosing MGRS remains challenging for hematologists, neph-
rologists, and renal pathologists. Often, patients have a delayed
diagnosis, with the resultant renal function being significantly worse
before clone-directed therapy is instituted. This underscores the
importance of maintaining a low threshold for clinically suspect-
ing MGRS. Clinical suspicion of MGRS arises when an MGRS-
compatible lesion is identified on kidney biopsy or an MG is
detected in a patient with renal impairment. Because not all
patients with the latter have MGRS, recent IKMG suggestions
for kidney biopsy may help hemato-nephrologists with clinical
decision making.9 Correlation between MG and monoclonal
deposit in the renal biopsy specimen is essential, because a discrep-
ancy would argue against the diagnosis of MGRS.9 A renal
pathologist should screen for monoclonal protein deposits in all
of the compartments of a renal biopsy specimen. Accurate

MGRS

Monoclonal
immunoglobulin
deposits absent

Amyloid, FG
ITG,

Cryoglobulinemic GN

LCPT with crystals,
CSH,

Crystaloglobulinemia

Fibrillar Microtubular
Inclusions/crystalline

deposits
MIDD, PGNMID,
Miscellaneous*

Monoclonal
immunoglobulin
deposits present

C3G with monoclonal
Ig, TMANonorganized depositsOrganized deposits

Figure 1. Classification of MGRS based on the ultrastructural findings of the monoclonal deposits. *Includes non-MGRS kidney diseases, such as anti-glomerular

basement membrane (glomerular basement membrane (GBM) disease, membranous nephropathy, and Henoch-Schonlein purpura (HSP). These are presumed to be due to

a monoclonal protein acting as an autoantibody (against antigen on glomerular basement membrane in anti-GBM disease and PLA2R in membranous nephropathy). Notably,

a single subclass restriction (IgG1k), absence of PLA2R staining, and associated proliferative changes on renal biopsy are indicative of MGRS in occasional cases of membra-

nous nephropathy with monoclonal immunoglobulin.37 Rare cases of HSP with IgA nephropathy have been associated with monoclonal IgA or MM. These patients experience

frequent relapses and a high recurrence rate postrenal transplantation.9 FG, fibrillary glomerulopathy; Ig, immunoglobulin; ITG, immunotactoid glomerulonephritis.
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clinical information should be available because not all MGRS
lesions demonstrate monoclonal protein deposition in kidney
(for instance, C3G and TMA) and vice versa.3,12,44,45 To this end,
we will discuss the step-wise diagnostic approach to MGRS, pitfalls
in currently available tests, and challenges faced by clinicians while
dealing with a suspected case of MGRS.

As shown in Figure 3, the diagnosis of MGRS has 4 elements: (1)
renal biopsy for identification of the pattern of renal parenchymal
damage and demonstration of monoclonal protein, if present, (2)
identification of the corresponding monoclonal protein in the serum
and/or urine, (3) demonstration of the underlying clonal population
of cells secreting the monoclonal protein, and (4) characterization
of extrarenal manifestations of the clonal disorder.3 The incidence
and type of detectable monoclonal protein, as well as the associated
hematological disorders with MGRS conditions, are summarized in
Table 2.

Renal biopsy

Renal biopsy is a relatively safe procedure in patients with MGRS
and carries a similar risk for hemorrhagic complications (4.1%) as in
patients without MGRS.67 Renal biopsy could potentially be avoided
in certain cases of amyloidosis for which a biopsy from less-invasive
sites (abdominal fat pad, gingival or rectal) has successfully dem-
onstrated amyloid deposition.68 The biopsy specimen must be
processed for LM, as well as for IF using antibodies for light chains,
heavy chains, and intact immunoglobulin molecules. IgG subclass IF
is essential in cases associated with intact monoclonal immuno-
globulin or truncated heavy chain deposition (Table 2). Complement
deposition (C3 with or without C1q) could be demonstrated in
certain MGRS entities (PGNMID, ITG, C3GN, HCDD, light and
heavy chain deposition disease, and cryoglobulinemic GN). The
need for ancillary investigations like pronase digestion, EM, immuno-
gold labeling, and laser microdissection, followed by liquid chroma-
tography and mass spectrometry (LC-MS), is discussed further.9

Despite thorough work-up, IF may fail to identify some cases of
amyloidosis as a result of the hidden antigen epitopes within the
fibrillar structure.69 Conversely, false-positive IF may be seen in

amyloidosis as a result of nonspecific tissue binding of circulat-
ing monoclonal proteins.70 IF can be negative in cases of LCPT
and crystal-storing histiocytosis (CSH) as a result of the intracellular
localization of monoclonal light chains. Tissue processing, including
an antigen-retrieval step by pronase digestion, helps to detect
intracellular light chains. Occasional cases of congophilic FG could
be reliably distinguished from amyloidosis by DNAJB9 immunohis-
tochemistry (IHC) staining and LC-MS.71,72 LC-MS is indispensable
for amyloid subtyping and identification of IgD HCDD (associated
with a negative IF).9 EM offers valuable supplementary informa-
tion regarding the substructure of organized deposits (amyloid,
fibrils, immunotactoids, cryoglobulins, and light chains) and their
localization.56,73 It is especially important to appreciate that .1
pattern may exist in the same patient. As an example, 6% of patients
with C3G may have TMA changes, and MIDD can present with
amyloidosis.11,54 LM, IF, and EM findings of various MGRS lesions
are summarized in Table 5. Figures 4-6 highlight the renal biopsy
findings in LCPT, LCDD, and C3G, respectively (provided by M.S.).

Identification of paraprotein

The next step is to identify monoclonal protein in the serum and
urine of patients suspected to have MGRS. Correlation between
tissue and serum monoclonal protein is important, because;10%
patients with hereditary amyloidosis were misdiagnosed as having
AL amyloidosis based on serumMG in 1 series.74 Notably, paraprotein
is typically small in these patients and is often undetectable by the
available methods.28 This scenario is variable, depending upon the
type of MGRS.3 Paraprotein is identified by serum and urine
electrophoresis with a detection limit of 0.3 to 0.5 g/dL and 0.7 g/dL
in the g and a/b regions, respectively.75 Because only free light
chains are filtered across the glomerulus, urine electrophoresis is
the least sensitive test to identify an MG, but it is valuable in
distinguishing cast nephropathy from AL amyloidosis/MIDD,
because it shows dominant light chains in the former condition
and selective albuminuria in the latter 2 conditions.76,77 Serum/
urine immunofixation electrophoresis characterizes the type of
MG and is more sensitive than electrophoresis (detection limit of
0.1 g/dL).4,78 Immunoblotting (not widely available) is highly

Mechanisms of pathogenicity of monoclonal lg

Direct Indirect 

• C3G with monoclonal Ig

• TMA
Autoantibody

mediated

VEGF mediatedGlomerular injury

Tubulointerstitial

• Amyloidosis

• ITG

• FG

• MIDD

• PGNMID

• MN secondary to monoclonal Ig

• LCPT

• CSH and Crystaloglobulinemia

• POEMS syndrome

Figure 2. Mechanisms of MGRS pathogenicity. VEGF, vascular endothelial growth factor.
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sensitive for detecting small amounts of monoclonal immunoglob-
ulin, characterization of heavy chain subclass, and identification of
first constant domain deletion of heavy chain.30 Measurement of
sFLCs using polyclonal antibodies for light chain epitopes (Freelite,
Birmingham, United Kingdom) is the most sensitive method for
the detection of MG. It is based on the concept that even plasma
cells secreting an intact immunoglobulin secrete an excess of light
chains in the serum. Due to the catabolism of free light chains by the
proximal tubular cells, urine Freelite assay is an insensitive method.
The normal range for sFLCs (k/l ratio) has been defined as 0.26 to
1.65 in a normal renal function setting. Any perturbation of this ratio
could indicate monoclonality, although the “renal range” of sFLCs
has been defined as 0.37 to 3.17. Renal impairment causes an
increase in free k and l chains in the serum (k . l) and resulting
dependence on the reticuloendothelial system for the elimination
of light chains.4,78,79 sFLCs are pivotal for response assessment
in AL amyloidosis and MIDD.65,80 Newer methods for sFLCmeasure-
ment have been developed, including a monoclonal antibody–based

assay, N latex nephelometric assay, and Luminex assay, but none are
standardized, and Freelite continues to be used most commonly.4

Intriguingly, a serum IF is more sensitive than sFLCs in cases of PCDs
producing an intact immunoglobulin molecule, such as PGNMID.81

Time-of-flight mass spectrometry and urinary exosomes are the

Table 2. Incidence of detectable monoclonal protein, most commonly found MGs, and the reported hematological disorders associated with

MGRS

Type of monoclonal

immunoglobulin deposition Associated renal pathologies

Incidence of

detectable MG

Most common type of

paraprotein/MG Associated hematological disorders

Intact immunoglobulin molecule/
immunoglobulin molecule with
truncated heavy chain*

ALH amyloidosis4,10,28,29* 97%-100% IgGl MM, CLL

LHCDD10,28,29,46,47* SPEP/IFE: 80%-100% IgGk MM (50%)

UPEP/IFE: 80%-100%

sFLC assay: 100%

Cryoglobulinemic GN28,29,48,49 Type 1: 76%-82.5% Type I IgG/IgM with k Type 1: MM, WM, CLL, B-NHL, MGRS, HCL

Type 2: 40%-49% Type II IgMk Type 2: B-CLPD, LPL, MALToma, WM

PGNMID10,29,31,50 20%-30% IgG3 Rare (4.4%): MM, CLL, NHL

ITG9,28,29,51 63%-71% IgG1 CLL (19%), LPL (13%), MM (13%)

FG28,52-54 15%-17% IgG MM, CLL

Light chains only AL amyloidosis4,10,28,29 97%-100% VlVI MM, LPL, CLL

LCDD10,28,29,46,47 SPEP/IFE: 25%-76% VkIV MM (39%-59%), MGRS (39%), LPL

UPEP/IFE: 42%-90%

sFLC assay: 100%

LCPT9,28,29,41,55 93.4%-97% VkI MGRS (27%-46%), MM (14%-33%),
SMM (15%-51%), NHL (4%),
CLL (2%), WM (8%)

CSH9,28,29,56 81.8%-90% k MM, LPL, MGRS (rare)

Heavy chains only AH amyloidosis4,10,28,29* 97%-100% IgG MM

HCDD10,28,29,46,47* SPEP/IFE: 67%-100% IgG1 MM (29%)

UPEP/IFE: 50%-100%

sFLC assay: 100%

No monoclonal protein
xdemonstrable in kidneys

C3G (C3GN and DDD)28,29,45,57-60† 33%-83% IgGk MGRS (60%-77.8%), MM (4%-13.9%),
SMM (5.6%-30%), CLL/lymphoma
(5.6%-6%), type 1 cryoglobulinemia
(2.8%)

TMA29,57
† 13.7% (.50 y, 21%; .60 y, 24%) IgGk MGRS (75%), MM (5%), SMM (5%),

POEMS (10%), T-cell lymphocytic
leukemia (5%)

Atypical MN secondary to monoclonal
immunoglobulin19,37

0%-21.4% IgG1k CLL/SLL (17.8%-28.5%), MM (7.1%),
SMZL (3%)

B-CLPD, B-cell chronic lymphoproliferative disorder; B-NHL, B-cell NHL; DDD, dense deposition disease; HCL, hairy cell leukemia; IFE, immunofixation electrophoresis; LHCDD, light and
heavy chain deposition disease; LPL, lymphoplasmacytic lymphoma; MALToma, mucosa-associated lymphoid tissue lymphoma; SLL, small lymphocytic lymphoma; SMZL, splenic marginal
zone lymphoma; SPEP, serum protein electrophoresis; UPEP, urine protein electrophoresis.
*Shows entities with truncated heavy chains.
†Provisional MGRS entities.

Table 3. Syndromic approach to the clinical presentation of MGRS

Clinical syndrome/presentation Associated MGRS entities

NS Amyloidosis (glomerular), MIDD

Nephritic-nephrotic syndrome (proteinuria,
hematuria, hypertension, low complement
levels, and renal insufficiency)

PGNMID, ITG, FG, C3G with
monoclonal immunoglobulin,
cryoglobulinemic GN

Acute renal failure TMA, MIDD, and crystalglobulinemia

Proteinuria/progressive renal insufficiency LCPT (with/without FS), MIDD,
amyloidosis (tubulointerstitial
and vascular), CSH, TMA

Adapted from Sethi et al29 with permission.
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newer techniques with a higher sensitivity than sFLCs for the detection
of low levels of a paraprotein characteristic of MGRS.82-84 Table 2
highlights the incidence of a positive MG in patients with MGRS. The
use of different methods might explain the variability in the detection
of MG.

Clonal identification

After establishing the presence of an MG and its correlating
monoclonal protein in the renal biopsy, the diagnostic approach
should characterize the underlying clonal population of cells and

should be based on the type of paraprotein. Because a lympho-
plasmacytic clone typically produces IgM, relevant tissue (bone
marrow/lymph node) must be obtained after cross-sectional imaging
(eg, computed tomography scan). Clonal characterization is ex-
tremely important from a therapeutic perspective, because a B-cell/
lymphoplasmacytic clone typically requires incorporation of anti-
CD20 antibody (rituximab) in the treatment regimen, and a plasma
cell clone is managed along the lines of PCD/MM.3 Figure 7
elaborates the structured approach to clonal identification in
a case of MGRS and gives a battery of investigations that may be

Table 4. Summary of the reported end-organ manifestations in MGRS entities

MGRS subtype Organs affected/manifestations References

Amyloidosis Heart, liver, autonomic nerves, skin, gastrointestinal tract, pulmonary 62

MIDD Liver, heart, peripheral nerves, lung, skin (seen in 35% of cases) 28,63-65

Cryoglobulinemic GN Vasculitis, Raynaud’s phenomenon, purpura, livedo reticularis, arthralgia, peripheral neuropathy 29,48,49

C3G Skin necrosis 11

LCPT with FS Osteomalacia 28

Crystalglobulinemia Skin rash, polyarthralgia, neuropathy 29,66

CSH FS, spleen, lymph nodes, macrophage activation, cornea, lungs, thyroid, parotid gland, synovium, liver, brain, skin, subcutaneous fat 9,55

POEMS syndrome Sensory motor polyneuropathy, organomegaly, endocrinopathy, skin 61

Renal Biopsy*: Type of renal pathology, extent of damage and
demonstration of monoclonal deposits

(LM, IF, EM, LMD/TM, IEM)

Detection of monoclonal protein in serum/urine
(SPEP, UPEP, IFE, sFLC)

Characterization of underlying clonal population
(B cells, LPL or plasma cells)

Identification of extrarenal manifestations
(Amyloidosis, MIDD, Cryoglobulinemic GN, C3G with monoclonal Ig)

Figure 3. Proposed step-wise algorithm for the diagnosis of MGRS. *Renal biopsy advised if $1 of acute kidney injury (AKI) stage 3, estimated glomerular filtration rate

(eGFR) , 60 mL/min per 1.73 m2 and .2 mL/min per 1.73 m2 per year decline, proteinuria and hematuria, albumin/creatinine ratio . 30 mg/mmol, and FS (hypouricemia).9

*Renal biopsy considered if $1 of AKI stage 1 or 2, eGFR , 60 mL/min per 1.73 m2 and ,2 mL/min per 1.73 m2 per year decline, albumin/creatinine ratio 3 to 30 mg/mmol

and eGFR . 60 mL/min per 1.73 m2, hematuria and eGFR , 60 mL/min per 1.73 m2, and evidence of light chain proteinuria.9 *Defer renal biopsy if stable eGFR, bland

urinalysis, and no evidence of light chain proteinuria.9 In ;40% of cases, monoclonal protein is not demonstrated in serum/urine. In such cases, renal biopsy should be

considered in the diagnostic algorithm depending on the clinical suspicion.3 In cases of MGRS-compatible renal lesion with monoclonal immunoglobulin deposition, a diagnosis

of MGRS should be considered and therapy instituted, because a monoclonal protein might not be demonstrated in some of these cases, despite a thorough evaluation (eg,

PGNMID, FG). The latter situation could arise due to the extremely small amount of monoclonal protein that escapes detection by conventional methods or a result of pitfalls in

the current diagnostic assays. IEM, immunoelectron microscopy; IF, immunofluorescence; LMD, laser microdissection; TM, tandem mass spectrometry. Adapted from Leung

et al9 with permission.
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performed.9 Use of appropriate investigation for clonal identification
requires an individualized approach.

Extrarenal manifestations

Identification of the extrarenal involvement secondary to the
MG is critical from a therapeutic and prognostic perspective.
Cardiac involvement in AL amyloidosis is considered a high-risk
feature and confers a poor prognosis requiring urgent initiation
of chemotherapy to reduce the burden of amyloidogenic free
light chains.2,28,64,85 Autologous stem cell transplant (ASCT)
may be suitable for selected patients with Mayo stage I/II
cardiac amyloidosis but is contraindicated in stage III patients
owing to extremely high transplant-related mortality.86,87 Table 4
summarizes the MGRS conditions associated with extrarenal

involvement. Organ-directed testing (2-dimensional echocardio-
gram, troponin level, N-terminal pro-B–type natriuretic peptide
level, cardiac magnetic resonance imaging for cardiac, nerve
conduction studies for paranasal sinuses, skin biopsy for cu-
taneous, endoscopy and biopsy for gastrointestinal involvement)
should be used based on the history and clinical examination
findings.62,87

Treatment and outcome

Treatment of MGRS is directed at the underlying B-cell or plasma
cell clones. Historically, reluctance among clinicians to treat MGRS
was due to toxicity concerns, including secondary malignancies
with the use of alkylating agents in a condition that was considered
relatively benign.2 Therefore, therapy in MGRS aims at improving

Table 5. Summary of the main pathological findings in MGRS

Glomerular diseases LM IF/IHC EM

Amyloidosis Congo red1 mesangial expansion/nodules AL: LC restriction (mostly l) Unbranched randomly distributed fibrils
(8-12 nm diameter)

Hairbrush projections from glomerular
basement membranes

AH: HC deposits (g1 or g4, or a)

Congo red1 deposits in interstitium and
vessel walls (occasional)

AHL: LC and HC deposits

FG* Congo red2, silver2 mesangial expansion Mesangial and capillary loop IgG, C3,
k and l deposits

Unbranched, randomly distributed
15-20 nm diameter fibrils

Positivity for DNAJB9 on IHC

ITG Membranous-like or MPGN-like changes Coarse mesangial IgG (monoclonal in
60% of cases), C3 and occasional
IgM deposits

Microtubules (20-60 nm diameter)

Congo red2, silver2 mesangial expansion

Type I cryoglobulinemic GN MPGN pattern Monoclonal immunoglobulin
(most frequently k) of the same
type as found in circulation, C3,
C4 deposits

Paired microtubules (25-40 nm diameter)

Endocapillary proliferative pattern/exudation

PAS1 capillary pseudothrombi common

MIDD Mesangial proliferation and Congo red2,
silver1 mesangial matrix
expansion/nodules

LCDD: mesangial and/or glomerular
basement membrane monoclonal
LC deposits

Powdery electron-dense deposits along
inner aspect of glomerular basement
membranes, mesangium, and outer
aspect of tubular basement membranes

HCDD: k and l negative, staining
for 1 of the immunoglobulins
(most commonly IgG or IgM)

PGNMID Endocapillary proliferative GN/MPGN Monoclonal immunoglobulin or,
more rarely, monoclonal
LC deposits

Nonorganized mesangial, subendothelial,
and subepithelial electron-dense deposits

Membranous GN with monoclonal
immunoglobulin

Membranous changes (spikes, lucencies) Monoclonal immunoglobulin deposits Nonorganized subepithelial electron-dense
deposits

C3G associated with monoclonal
gammopathy

Endocapillary proliferative GN/MPGN Granular, C3-dominant deposits Nonorganized mesangial, subendothelial,
and subepithelial electron-dense deposits

Dense osmiophilic transformation of basement
membranes if DDD

TMA Glomerular and/or arterial TMA Pauci-immune pattern; occasional
C3 trapping

Acute: subendothelial flocculent material

Chronic: new subendothelial basement
membrane and/or subendothelial widening

Tubulointerstitial diseases

LCPT Proximal tubular vacuolation/fragmentation LC inclusions within tubular epithelium Intralysosomal or free rhomboid-shaped
crystals in proximal tubules

Intracytoplasmic inclusions, often crystalloid

Miscellaneous

CSH Accumulated crystals within
macrophages/histiocytes within
glomerular or peritubular capillaries
and in the mesangium

LC crystalloid inclusions within
macrophages/histiocytes

Rhomboid and needle-shaped crystalloid
inclusions and vacuoles within
macrophages/histiocytes.

HC, heavy chain; LC, light chain.
*Occasional cases of FG could show congophilia (congophilic FG). These cases could be reliably distinguished from amyloid deposits by DNAJB9 immunostain or mass spectroscopy.72
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renal survival (reduction in proteinuria or serum creatinine or delayed/
no need for dialysis or independence from dialysis) and reducing the
recurrence after renal transplantation.2,3 Studies have shown
that the renal survival of patients with MGRS has improved, and
achievement of hematological response with treatment correlates

with a renal response.2,64 Treatment is based on a combination of
chemotherapeutic agents used to treat PCD or NHL optimizing for
safety in the setting of renal failure, as well as extrarenal involvement
(especially cardiac). The following guiding principles apply while
treating MGRS.

Figure 4. Features of LCPT. IHC stained strongly

positive for k light chain in proximal tubules; l (data

not shown) was negative (original magnification 3400;

DAB 1 Harris’s hematoxylin stain; left panel). TE

microscopy image shows rhomboid crystal inclusions

(*) in keeping with light chain proximal tubulopathy

(original magnification 34000; right panel).

Figure 5. Features of an LCDD. Glomerulus with

nodular mesangial expansion (arrowheads; original

magnification 3400; PAS; upper left panel). IF

showed strong positivity for k light chain (upper right

panel); compare with negative l (lower left panel) in

glomerular and tubular basement membranes and

mesangial nodules, in keeping with a k LCDD (original

magnification 3200; fluorescein isothiocyanate). TE

microscopy image shows powdery electron-dense

deposits along basement membranes (arrowheads) in

keeping with LCDD (original magnification 36000,

fluorescein isothiocyanate; lower right panel).
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Baseline glomerular filtration rate is prognostic for predicting renal
outcome, as shown in PGNMID, MIDD, and amyloidosis. Therefore,
prompt initiation of therapy is recommended before irreversible
renal damage occurs.22,46,88,89

Early initiation of chemotherapy is indicated in the presence of
chronic kidney disease (CKD) stage 1-3 to reduce the production

of monoclonal immunoglobulin and achieve a deep hematological
response. Response may be consolidated with ASCT to achieve
deeper and sustained hematological and renal remissions.90

For patients with CKD stage 4 or ESRD, chemotherapy is indicated
only if they are planned for a renal transplant or if coexisting
extrarenal involvement is present (especially cardiac, liver, or

Figure 6. Features of a C3GN in the setting of

MGRS. Glomerulus with segmental endocapillary

hypercellularity (original magnification 3400; hematox-

ylin & eosin stain; upper left panel). Glomerulus with

segmental capillary tuft fibrinoid necrosis (original

magnification 3400; hematoxylin & eosin stain; right

panel). IF showed C3-dominant deposits in the

mesangium and capillary loops, in keeping with

a C3-dominant GN (original magnification 3400;

fluorescein isothiocyanate; lower left panel).

B-cell clone
(IgG/IgM MG)

• Peripheral blood FCM, BMA (with FCM),
  and biopsy ± IHC staining for 
  clonal markers

• CT scan (neck/chest/abdomen/pelvis)
  ± PET-CT*

LPL clone
(usually IgM MG)

Plasma cell clone
(IgG/IgA/IgM/IgD/IgE

light chains, heavy
chains)

• BMA (with FCM) and biopsy
• CT scan (neck/chest/abdomen/pelvis)
  ± PET-CT* and biopsy of enlarged or
  FDG-avid LN
• IgM level quantification
• MYD88 mutation testing9

BMA (with FCM) and biopsy (IHC),
cytogenetics and FISH testing9, LDH,
imaging** (skeletal survey/low-dose
WBCT/PET-CT), immunoglobulin levels

Dangerous
clone

Figure 7. Diagnostic work-up for clonal identification in MGRS. *Imaging could help identify lymphadenopathy in low-grade, low-stage lymphoma.9 **Imaging could be

performed to identify plasmacytoma, bone lesions in a suspected case of MM, and when bone marrow aspiration (BMA) and biopsy fails to detect the plasma cell clone.9 Note:

despite a similar work-up, a distinction between B-cell and LPL clone is helpful, both for a precise diagnosis, and for wider therapeutic options available for LPL (both rituximab-

and bortezomib-based therapies). MYD88 mutation is positive in about 90% cases of LPL/WM.9 A positive result would therefore be supportive, but an absence would not rule

out the diagnosis. Considering a low proliferative rate of low-grade B-cell lymphoproliferative disorders, and LPL, positron emission tomography–computed tomography

(PET-CT) may have a lower degree of sensitivity compared to high-grade NHL. However, PET-CT could be useful in such cases given the avoidance of iodinated contrast, and

a potential for directed biopsy from an area of increased metabolic uptake to enhance the diagnostic yield.3 FCM, flow cytometry; FDG-avid LN, fluorodeoxyglucose avid lymph

nodes; FISH, fluorescent in situ hybridization; LDH, lactate dehydrogenase; WBCT, whole-body computed tomography.
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pulmonary). Achieving a complete hematological response
prior to renal transplant is necessary to avoid the risk of
recurrence of MGRS in the renal allograft and ensuing graft
failure. ASCT may be used in this setting before proceed-
ing with a renal transplant. For patients with extrarenal
involvement, therapy may improve the function of the extrarenal
organ.90

Response assessment in MGRS is challenging. In patients who
have a detectable MG, paraprotein may be followed up for
hematological response assessment based on the Interna-
tional Myeloma Working Group criteria used for amyloidosis.
In cases lacking a detectable baseline paraprotein, patients
may be followed up using proteinuria and renal function (creatinine).
Renal response in MGRS could be assessed using the organ-
response criteria for amyloidosis.3,80

Appropriate dose reduction is required for certain drugs in the
setting of renal failure.3

Because amyloidosis and POEMS syndrome have been reviewed
extensively,61,62 we have reviewed the literature regarding the
treatment outcomes of other MGRS entities. Most of the studies
in MGRS involve isolated case reports or small case series. No
formal guidelines exist regarding the treatment of MGRS. However,
expert opinion/consensus-based treatment decisions can guide
clinical practice (Table 6).90 In the next section, we discuss the

outcomes of LCDD and C3G and summarize the most recent
available data on renal outcomes for all MGRS entities in supplemental
Table 1.11,12,19,20,22,24-26,41,51,52,58,64,89,91-93

LCDD and C3G

The 1-year and 5-year overall survival (OS) in LCDD patients
was found to be 89% and 70%, respectively, in contrast with
corresponding renal survival rates of 67% and 37%.94 In a large
series on LCDD, ASCT and proteasome inhibitor–based treat-
ments were significantly associated with a hematological response
compared with other therapies. Achievement of a complete hema-
tological remission was associated with a renal response. Five-year
OS and 5-year renal survival were 67% and 57%, respectively.89

Sayed et al reported the median renal survival and OS of LCDD
patients to be 5.4 years and 14 years, respectively.64 Of the 7
patients in that cohort whose underlying clonal disorder was in
hematological remission and who received a renal allograft, none
had disease recurrence after a median of 9.7 years.64 Retro-
spective data from monoclonal immunoglobulin–associated C3G
illustrated that the renal response and median renal survival were
higher in patients who achieved a hematological response after
chemotherapy.11 Zand et al reviewed the outcome of patients after
renal transplant for ESRD due to C3G and noted a recurrence rate
of 66.7% after a median of 28 months; half of these patients also
had a graft failure.24

Table 6. Consensus opinions for the treatment of selected MGRS conditions

MGRS entity Current consensus/recommendation

MIDD CKD stage I-III: bortezomib-based therapy, followed by ASCT (in the absence of extrarenal manifestations and good performance status)

CKD stage IV-V: eligible for renal transplant, bortezomib-based therapy followed by ASCT; not eligible for renal transplant, bortezomib-based therapy only
(to protect extrarenal organs, heart)

PGNMID CKD stage I-II with proteinuria , 1 g/d and nonprogressive disease: symptomatic treatment

CKD stage I-II with proteinuria . 1 g/d or progressive disease and CKD stage III-IV: chemotherapy* with or without ASCT

CKD stage V: eligible for renal transplant, chemotherapy followed by ASCT; not eligible for renal transplant, symptomatic management; no identifiable
MG: no consensus, may benefit from chemotherapy prior to renal transplant

ITG CLL-type regimens incorporating bendamustine/corticosteroids/cyclophosphamide with rituximab
For cases not associated with CLL, bortezomib-based regimens

Type 1 cryoglobulinemic GN Treatment indication: symptomatic/progressive systemic disease (renal), depends on underlying clone

Plasma cell: antimyeloma drugs (ASCT may be considered)

LPL clone: treat along lines of WM (rituximab backbone)

B-cell clone: rituximab-based therapy

Type 2 cryoglobulinemic GN HCV1

Minimally symptomatic: antiviral therapy

Symptomatic vasculitis: rituximab/high-dose dexamethasone (1 antiviral therapy)

Rapidly progressive renal disease: TPE 1 definitive therapy as for symptomatic vasculitis (above)

HCV2

Minimally symptomatic: observation

Symptomatic vasculitis: rituximab

WM/B-cell NHL: rituximab-based regimens (according to the underlying condition)

LCPT with FS CKD stage I-III: chemotherapy based on bortezomib/cyclophosphamide/thalidomide/bendamustine, ASCTmay be considered for nonresponding patients

CKD stage IV-V: eligible for renal transplant, bortezomib-based therapy followed by ASCT; not eligible for renal transplant, symptomatic management

HCV, hepatitis C virus; TPE, therapeutic plasma exchange.
Adapted from Fermand et al.90

*For PGNMID cases, choice of chemotherapy should be clone directed. For plasma cell clone, bortezomib-based regimens, like cyclophosphamide/bortezomib/dexamethasone; for B-cell
clone, rituximab-based regimens may be used. Because clone is detected in only ;30% of cases of PGNMID, an empirical therapy directed at the hypothesized clone may be used.92
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Conclusions

MGRS is an umbrella term that encompasses renal damage mediated
directly or indirectly by monoclonal protein. Awareness of MGRS
among clinicians and renal pathologists is critical to suspect, investigate,
and diagnose it in a timely fashion. Early clone-directed treatment
based on expert consensus is crucial to improve the renal survival of
these patients. Studies with a larger sample size are needed for the
formulation of treatment and follow-up guidelines.
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