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Abstract
The term “monoclonal gammopathy of clinical significance” (MGCS) refers to any plasma
cell or B-cell clonal disorder that does not meet the current criteria for malignant disorders
but produces a monoclonal protein that directly or indirectly results in organ damage.
The most commonly affected organs are the kidneys, nerves, and skin. This review summarizes the current classification of MGCS and its diagnostic and treatment approaches.
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INTRODUCTION
The concept of monoclonal gammopathy of undetermined
significance (MGUS) was first introduced in 1978 [1]. It
is a premalignant clonal disorder defined by the presence
of a monoclonal protein (M-protein) produced by an abnormal plasma cell or B-cell but does not meet the criteria
for multiple myeloma (MM), Waldenström macroglobulinemia (WM), or other malignant lymphoproliferative
disorders [2]. MGUS can be found in approximately 3% of
the population over 50 years of age and 5% of the population
over 70 years of age [3]. The risk of progression of MGUS
to a malignant disorder, such as MM, WM, or other B-cell
lymphoproliferative disorders is approximately 1% annually
[4], and treatment is usually not initiated until the diagnosis
of these malignant disorders.
Until recently, the pathogenic role of M-proteins in kidney
disease was thought to be mainly attributed to malignant
conditions, such as MM and WM. However, over the last
two decades, it has become clear that kidney disorders can
be induced by nephrotoxic M-proteins, regardless of the
tumor burden [5]. The term monoclonal gammopathy of
renal significance (MGRS) was introduced in 2012 by the
International Kidney and Monoclonal Gammopathy Research

Group. This refers to any plasma cell or B-cell clonal disorder
that does not meet the current criteria for malignant disorders
but produces a nephrotoxic M-protein that directly or indirectly results in kidney disease or injury [6]. Treatment
is often required to prevent renal deterioration. More recently, it has become apparent that other organ systems,
such as peripheral nerves and skin, can also be affected
by M-proteins produced by a small clone of plasma cells
or B cells. Accordingly, the term monoclonal gammopathy
of clinical significance (MGCS) was introduced in 2018 [7].
This review aimed to introduce the MGCS classification and
available approaches for its diagnosis and treatment.

MGRS
M-proteins can induce kidney damage through a various
mechanisms that can be separated by the presence of a high
or low tumor burden [5]. Kidney damage due to a high
tumor burden is represented by light-chain cast nephropathy,
which requires high levels of a serum-free light chain, and
usually only occurs in patients with malignant disorders,
such as MM or WM [8]. Thus, light chain cast nephropathy
is not considered an MGRS-related kidney disorder. MGRS
is usually associated with low levels of monoclonal gammop-
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athy produced by nonmalignant or premalignant B-cells or
plasma cell clones. It should be noted that MGRS can also
be associated with other hematological disorders, such as
smoldering MM and WM, monoclonal B-cell lymphocytosis,
and AL amyloidosis [9].
Kidney diseases associated with MGRS are mostly glomerular disorders, apart from light-chain proximal tubulopathy,
and crystal-storing histiocytosis [9]. MGRS-related kidney
disease can be initially categorized according to the presence
or absence of monoclonal immunoglobulin deposits in the
kidneys (Fig. 1). MGRS-related kidney disorders with monoclonal immunoglobulin deposits can be further subcategorized into organized and non-organized, based on the
ultrastructural characteristics of the deposits. In addition,
organized deposits are further subdivided into fibrillar, microtubular, and inclusion or crystalline categories.

MGRS-RELATED KIDNEY DISORDERS WITH
MONOCLONAL IMMUNOGLOBULIN DEPOSITS
Lesions with organized deposits
Immunoglobulin-related amyloidosis (light chain, heavy
chain, and heavy and light chain amyloidosis) and monoclonal fibrillary glomerulonephritis are two diseases characterized by fibrillar deposits. The fibrillar deposits in amyloidosis are positive for Congo red staining with diameters
of 7–12 nm, whereas those in monoclonal fibrillary glomerulonephritis are typically negative for Congo red staining
with diameters of 10–30 nm [9]. In addition, DnaJ homolog
subfamily B member 9 is a reliable marker for fibrillary
glomerulonephritis, which can further distinguish monoclonal fibrillary glomerulonephritis from amyloidosis [10].
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The microtubular category consists of immunotactoid glomerulonephritis and cryoglobulinemic glomerulonephritis.
Microtubules can be distinguished from fibrils by their hollow centers and large diameters (17–52 nm) [11]. Glomerular
deposits in immunotactoid glomerulonephritis are uniform
microtubules usually arranged in parallel arrays with subepithelial and subendothelial localization [9]. In contrast,
only a small fraction of the deposits in cryoglobulinemic
glomerulonephritis are organized and usually appear as short,
curved, or straight microtubules [9].
MGRS disorders with crystal inclusions include light chain
proximal tubulopathy (LCPT), crystal-storing histiocytosis
(CSH), and crystalglobulinemia. LCPT can be classified into
crystalline and non-crystalline variants. Rod-or rhomboid-shaped light-chain crystals are localized within proximal tubular cells in the crystalline variant, whereas
non-crystalline light-chain inclusions accumulate in the
proximal tubule cells in the non-crystalline variant [9]. In
CSH, light chain crystals are found in the renal histiocytes
and proximal tubular cells [12]. Crystalglobulinemic glomerulonephritis is characterized by crystal deposits of monoclonal immunoglobulin within arterioles and glomerular capillaries [13].

Lesions with non-organized deposits
MGRS disorders with nonorganized deposits include monoclonal immunoglobulin deposition disease (MIDD) and progressive glomerulonephritis with monoclonal immunoglobulin deposits (PGNMID). MIDD is characterized
by linear punctate deposits in the glomerular and tubular
basement membranes [9]. In PGNMID, deposits are confined
to the glomeruli, causing complement activation, leading
to glomerular inflammation and proliferation [5].

Fig. 1. Categorization of MGRS-related kidney disorders.
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MGRS-RELATED KIDNEY DISORDERS WITHOUT
MONOCLONAL IMMUNOGLOBULIN DEPOSITS
Not all MGRS-related kidney disorders involve monoclonal immunoglobulin deposits. In C3 glomerulopathy with
monoclonal gammopathy, while there is no significant renal
immunoglobulin deposition, monoclonal immunoglobulin
activates complement through an alternative pathway, resulting in the C3 deposition in the glomerulus [5].
Renal biopsy is essential for the MGRS diagnosis. The
incidence of both MGUS and chronic kidney disease (CKD)
increases with age [3, 14]. Therefore, it is not uncommon
for a patient to have both MGUS and a kidney disorder
that are unrelated to each other. A recent study reported
that proteinuria of ≥1.5 g/day, microscopic hematuria, and
an elevated free light chain ratio were significantly associated
with MGRS in patients with monoclonal gammopathy [15].
Thus, a kidney biopsy should be strongly considered in patients with monoclonal gammopathy and these laboratory
findings or those experiencing rapidly progressive renal
failure.
Treatment of MGRS should be determined by the nature
of the clone (plasma cell or B-cell) that produces the nephrotoxic monoclonal immunoglobulin, the severity of the kidney disease, and potential for reversal of kidney damage.
Patients with plasma cell clones, such as bortezomib, should
be treated with chemotherapeutic agents used to treat MM
[16-18]. Patients with B-cell clones expressing CD20 should
be treated with rituximab-based approaches [19, 20]. In patients whose disease has not progressed to advanced CKD,
the main goal of treatment is the preservation of kidney
function. For those with advanced CKD, the role of clone-directed therapy should focus on reducing the risk of MGRS
recurrence after kidney transplantation. Notably, high relapse rates of MGRS have been reported in patients whose
monoclonal gammopathy was not fully treated before kidney

transplantation. Therefore, patients who are candidates for
kidney transplantation should be treated until a very good
partial response is achieved [5]. In patients with advanced
CKD who are not candidates for kidney transplantation,
treatment should be initiated only if there is an extrarenal
manifestation of the disease that requires intervention.

NEUROLOGIC MGCS
Neurologic MGCS include AL amyloidosis, POEMS syndrome (polyradiculoneuropathy, organomegaly, endocrinopathy, monoclonal plasma cell disorder, and skin changes),
cryoglobulinemia, CANOMAD (chronic ataxic neuropathy,
ophthalmoplegia, immunoglobulin M [IgM] paraprotein,
cold agglutinins, and disialosyl antibodies), and DADS-M
(distal acquired demyelinating symmetric neuropathy with
M-protein). The first three are diseases with multiple systemic manifestations, while the last two (CANOMAD and
DADS-M) primarily involve the nervous system [21].
The algorithm for evaluating patients with monoclonal
gammopathy combined with peripheral neuropathy is presented in Fig. 2. The first step in evaluating a patient with
monoclonal gammopathy combined with peripheral neuropathy is to exclude other causes of peripheral neuropathy,
such as diabetes, alcoholism, and drugs [21]. The next step
would be to distinguish speciﬁc plasma cell disorders that
are known to have a deﬁnite causal relationship with neuropathy (POEMS syndrome and amyloid neuropathy) from
other monoclonal gammopathies associated with peripheral
neuropathy. Therapy is directed at treating underlying diseases in patients with POEMS syndrome and amyloid
neuropathy.
In the absence of POEMS syndrome or amyloid neuropathy, it is challenging to differentiate between patients in
whom M-protein is causally associated with peripheral neuropathy and those in whom M-protein is not associated with

Fig. 2. Algorithm for evaluating
patients with monoclonal gammopathy combined with peripheral
neuropathy.
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neuropathy because there are no speciﬁc tests to distinguish
between a true causal association and an incidental
association. In general, the younger the patient, the more
likely the association between M-protein and neuropathy
is causal because the M-protein prevalence is ＜1.5% in
persons aged ＜50 years [21]. In addition, the likelihood
of a causal relationship is much higher for IgM M-proteins
than for IgG or IgA M-proteins. Nerve conduction studies
should be performed to distinguish between demyelinating
and axonal patterns, and anti-MAG and anti-ganglioside antibody tests may help diagnose the underlying cause of
neuropathy. CANOMAD is characterized by chronic neuropathy with sensory ataxia and motor weakness involving
the oculomotor and bulbar muscles, occurring in the presence
of monoclonal IgM directed against disialosyl ganglioside
epitopes [22]. DADS-M typically presents with symmetric

sensory or sensorimotor dysfunction in the lower extremities
with sparing of the proximal limbs, trunk, and face [23],
and involvement of the upper limbs may occur later. The
treatment of CANOMAD and DADS-M includes intravenous
immunoglobulin (IVIG) and rituximab.

CUTANEOUS MGCS
Cutaneous MGCS includes scleromyxedema, Schnitzler
syndrome, necrobiotic xanthogranuloma (NXG), TEMPI syndrome, systemic capillary leak syndrome (SCLS), cryoglobulinemia, and POEMS syndrome (Table 1).
Scleromyxedema is a rare systemic mucinosis characterized by generalized papular and sclerodermoid cutaneous
eruptions usually associated with IgG monoclonal gammop-

Table 1. Diagnostic criteria for five selected cutaneous monoclonal gammopathy of clinical significance.
a)

POEMS syndrome [26]

Scleromyxedema [24]

Schnitzler
b,c)
syndrome [26]

Necrobiotic
d)
xanthogranuloma [30]

TEMPI syndrome [33]

Major criteria
Major criteria
Mandatory major criteria
1. Generalized papular Obligate criteria
1. Telangiectasias
1. Chronic
1. Cutaneous papules,
1. Polyneuropathy
and sclerodermoid
2. Monoclonal
urticarial rash
plaques, and/ or
2. Monoclonal plasma cell-proliferative
eruption
gammopathy
2. Monoclonal
nodules, most often
disorder (almost always )
2. Evidence of
3. Elevated
IgM or IgG
yellow or orange in
monoclonal
Other major criteria
erythropoietin
color
gammopathy
3. Castleman disease
and
2. Histopathological
3. Characteristic
4. Sclerotic bone lesions
erythrocytosis
features demonstrating
pathologic triad,
5. Vascular endothelial growth
palisading granulomas 4. Perinephric fluid
associating dermal
factor elevation
with
mucin accumulation,
lymphoplasmacytic
increased collagen
infiltrate and zones of
deposition, and
necrobiosis. Variably
fibroblast
present cholesterol
proliferation
clefts and/or giant cells
4. Absence of
thyroid disease
Minor criteria
Minor criteria
Minor criteria
Minor criteria
3. Periorbital distribution 5. Intrapulmonary
3. Recurrent fever
6. Organomegaly (splenomegaly,
shunting
of cutaneous lesions
4. Objective
hepatomegaly, or lymphadenopathy)
4. Paraproteinemia, most 6. Other: venous
findings of
7. Extravascular volume overload
thrombosis
often IgG, plasma cell
abnormal bone
(edema, pleural effusion, or
dyscrasia, and/or other
remodeling
ascites)
associated
with or without
8. Endocrinopathy (adrenal, thyroid,
lymphoproliferative
bone pain
pituitary, gonadal, parathyroid, and
disorder
5. A neutrophilic
pancreatic)
dermal
9. Skin changes (hyperpigmentation,
infiltrate
hypertrichosis, glomeruloid
on skin biopsy
hemangiomas, plethora,
6. Leukocytosis
lipodystrophy, acrocyanosis,
and/ or elevated
flushing, and white nails)
CRP
10. Papilledema
11. Thrombocytosis/polycythemia
12. Other: clubbing, weight loss,
hyperhidrosis, pulmonary
hypertension/restrictive lung
disease, thrombotic diatheses,
diarrhea, and low vitamin B12
a)

POEMS syndrome diagnosis is confirmed when both mandatory major criteria, one of the other major criteria, and one of the minor criteria
are present. b)Definite diagnosis of Schnitzler syndrome: if IgM, both obligate criteria and at least2 minor criteria; if IgG, both obligate criteria
and 3 minor criteria. c)Probable diagnosis of Schnitzler syndrome: if IgM, both obligate criteria and 1 minor criteria; if IgG, both obligate criteria
and 2 minor criteria. d)Xanthogranuloma diagnosis is confirmed when both major criteria and at least 1 minor criterion are present. It is only
applicable in the absence of a foreign body, infection, or other identifiable causes.
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athy [24]. It can be accompanied by various extracutaneous
manifestations, including involvement of the nervous, musculoskeletal, cardiac, and pulmonary systems [25]. The infiltrates are composed of mucin, but the pathophysiology
of scleromyxedema remains unclear. High-dose IVIG is an
effective first-line treatment for non-severe disease, whereas
plasma cell-directed chemotherapy seems to be useful for
refractory and severe forms of the disease [25].
Schnitzler syndrome is characterized by chronic urticaria
and IgM monoclonal gammopathy [26]. However, it is rarely
associated with IgG monoclonal gammopathy. Other clinical
features of Schnitzler syndrome include recurrent fever, bone
pain, leukocytosis, and elevated CRP levels. Interleukin
(IL)-1 plays an important role in the pathophysiology of
Schnitzler syndrome, and treatment with anti-IL-1 monoclonal antibodies such as anakinra, rilonacept, and canakinumab has been shown to be effective [27-29].
NXG is a non-Langerhans histiocytosis classically associated with paraproteinemia attributable to plasma cell or
lymphoproliferative disorders. The classic clinical presentation is yellow-to-orange papules, plaques, and/or nodules involving the periorbital skin [30]. Cutaneous lesions
can also be distributed elsewhere on the face, trunk, or
extremities. The eye is the most common site of extracutaneous involvement. Other relatively rare extracutaneous involvement sites include the heart, gastrointestinal tract, liver,
and lungs. Histopathologically, NXG shows palisading granulomas with lymphoplasmacytic infiltrates and zones of
necrobiosis. Other characteristic features that are variably
present include cholesterol clefts and/or giant cells (Toutons
or foreign bodies). The pathogenesis of NXG remains largely
unknown, but a role for paraprotein-lipoprotein interaction
has been hypothesized [31, 32]. IVIG treatment is one of
the most promising therapies, whereas plasma cell-directed
therapy may be considered as a second-line therapy [26].
TEMPI syndrome is a rare disease characterized by telangiectasias, elevated erythropoietin and erythrocytosis,
monoclonal gammopathy, perinephric ﬂuid collection, and
intrapulmonary shunting [33]. The initial clinical presentations of most patients are telangiectasias and
erythrocytosis. Telangiectasias are most prominent on the
face, trunk, and hands and are rarely seen on the lower
extremities. Notable laboratory findings are elevated serum
erythropoietin levels and the lack of a JAK2 mutation.
Monoclonal gammopathy is a hallmark feature of TEMPI
syndrome and does not appear to have immunoglobulin or
light chain speciﬁcity, unlike POEMS syndrome, wherein
the monoclonal antibody is almost always lambda-restricted.
Pulmonary shunting is not evident on high-resolution computed tomography of the chest and is best quantified by
99mTc macroaggregated albumin scintigraphy. Perinephric
fluid has the same chemical composition as serum [34].
Plasma cell-directed therapies, including bortezomib, daratumumab, and lenalidomide, appear to be effective with
a rapid and remarkable treatment response [35-38].
Cryoglobulinemia is defined as the persistent presence
of cryoglobulins in serum. Cryoglobulin is an abnormal imBlood Res 2022;57:S20-S26.
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munoglobulin that precipitates at low temperatures and dissolves when the temperature increases [39]. Cutaneous manifestations develop in nearly all patients but can affect almost
any organ system, including the musculoskeletal, peripheral
nerve, renal, and pulmonary systems. Type I cryoglobulinemia
is characterized by a single monoclonal immunoglobulin
from plasma cells or lymphoproliferative disorders. In type
II cryoglobulinemia, cryoglobulins comprise a mixture of
polyclonal immunoglobulins and one or more monoclonal
immunoglobulins, whereas type III cryoglobulinemia involves only polyclonal immunoglobulins. Type II/III cryoglobulinemia may also be related to plasma cell or lymphoproliferative disorders but is more often associated with infectious diseases, particularly chronic HCV infection and
autoimmune diseases, such as Sjögren’s syndrome and lupus.
Type I cryoglobulinemia often causes occlusive symptoms
due to occlusion of the capillary lumen [39]. Skin manifestations include cold-induced symptoms and purpura; however, they can also induce distal ischemia and skin necrosis.
Small-vessel vasculitis is the primary cause of morbidity in
type II/III cryoglobulinemia. Purpura is observed in most
patients; however, distal ischemia or skin necrosis is rare.
The treatment strategy for cryoglobulinemia is to treat the
underlying disorder. Therefore, treatment is directed at the
underlying plasma cell or lymphoproliferative disorder in
patients with type I cryoglobulinemia and at the underlying
infectious or autoimmune disorder in patients with type
II/III cryoglobulinemia.
SCLS is a rare disorder characterized by recurrent episodes
of sudden-onset shock and anasarca caused by plasma extravasation (up to 70% of the total plasma volume) [40].
The diagnostic triad of SCLS is the “3 Hs”: 1) hypotension
(typically systolic blood pressure of ＜90 mmHg), 2) hemoconcentration (hematocrit ＞49% to 50% in men and 43–45%
in women), and 3) hypoalbuminemia (＜3.0 g/dL) in the
absence of secondary causes for such abnormalities. The underlying mechanism of SCLS remains unelucidated. MGUS
is present in 68–85% of SCLS patients, most commonly of
the IgGk isotype. Nevertheless, as MGUS is not specific to
this syndrome, SCLS remains clinically diagnosed. Supportive
care with intravenous fluids sufficient to counteract intravascular volume depletion and maintain organ perfusion is
used during its acute attack, which usually subsides after
a few days. IVIG prophylaxis is recommended because it
is associated with a reduction in SCLS attacks in most patients
[41].

CONCLUSION
MGCS is a new diagnostic term to better classify patients
with organ damage due to M-protein produced by a clone
of non-malignant plasma cells or B-cells. The introduction
of MGCS has raised clinicians’ awareness that small amounts
of M-protein can cause several serious clinical conditions,
wherein the kidneys, nerves, and skin are usually affected.
The diagnosis of MGCS requires the exclusion of chance
bloodresearch.or.kr
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associations because of the high prevalence of M-protein,
especially in the elderly population. Clinical and histopathological aspects must be considered in a causal association
between organ damage and M-proteins. In many cases, the
appropriate treatment is clone-directed eradication, based
on agents previously limited to patients with overt hematologic malignancies. In other cases, treatments, such as IVIG
and anti-IL-1 monoclonal antibodies may provide favorable
outcomes.
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