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ABSTRACT
Monoclonal gammopathy of renal signiﬁcance (MGRS) has
introduced a new perspective to several well-known disease
entities impacting nephrology, haematology and pathology.
Given the constantly changing disease spectrum of these entities, it is clinically imperative to establish diagnostic and treatment pathways supported by evidence-based medicine.
MGRS is a disease of the kidney, secondary to plasma cell
clonal proliferation or immune dysfunction, requiring therapeutic intervention to eradicate the offending clone. To fully
understand the disease(s), it is prerequisite to determine the
signiﬁcance of the ﬁndings. The diagnostic work up should be
extensive due to the wide heterogeneity of clinical presentation, ultimately necessitating kidney biopsy. Particular patient
proﬁles such as AL amyloidosis, which may be diagnosed
through biopsies of other tissues/organs, may be an exception.
Treatment decisions should be formulated by multidisciplinary consensus: nephrologists, haematologists and
pathologists. The ultimate goal in managing MGRS is eradication of the offending plasma cell clone which requires targeted
chemotherapy and, in eligible cases, haematopoietic stem cell
transplantation. We present a review of diagnostic procedures, treatment options and advances in the last few years in
the management of MGRS in an effort to acquaint specialists
with this new face of several older diseases.
Keywords: amyloidosis, kidney function, monoclonal gammopathy of renal signiﬁcance, monoclonal gammopathy of
undetermined signiﬁcance, multiple myeloma

DIAGNOSIS OF MONOCLONAL
GAMMOPATHY OF UNDETERMINED
SIGNIFICANCE
Monoclonal gammopathy of undetermined significance
(MGUS) is a benign plasma cell dyscrasia first coined by Kyle
[1], referring to his initial observations of an asymptomatic patient, with increased risk for plasma cell malignancy. The current diagnostic criteria define MGUS as a plasma cell dyscrasia
with a serum protein electrophoresis (SPEP) ‘M protein’ in serum <30 g/L and bone marrow infiltration of clonal plasma
cells <10%, with no disease-related end-organ damage [2]. In a
historical series in Olmsted County, Minnesota, the prevalence
of MGUS was estimated to be 3.2% for people aged 50 and
5.3% in those aged 70 [3]. Prevalence in a US population sample of ages 10–49 was 0.34%, while estimates for persons aged
50 are 2.4%, with differences from the Minnesota population
attributed to geographical variability [4, 5]. Registry investigations by Cabrera et al. [6], projected the world standardized incidence to be 3.76 per 100 000 residents, increasing with age.
Olmsted County data estimates for annual incidence are 120
and 60 per 100 000 for males and females aged 50, increasing to
530 and 370 at age 90, respectively [7]. MGUS is conventionally
managed by monitoring SPEP/urine protein electrophoresis
(UPEP) scaled to risk assessment, with treatment withheld until
the development of SLiM-CRAB criteria (see below).
Transformation of MGUS has a cumulative annual risk progression of 1% [8]. However, the frequency varies based on age,
race and gender [3–6]. Depending on the subtype of MGUS,
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the relative risk and nature of progression varies. For IgM
MGUS, the relative risk for any progression is 10.8, most often
to Waldenstrom’s macroglobulinaemia, AL amyloidosis and
non-Hodgkin’s lymphoma. Progression for non-IgM MGUS,
commonly arising from plasma cells after switch recombination, has a reported renal response (RR) of 5.7, leading to multiple myeloma (MM), plasmacytoma and AL amyloidosis,
respectively [8]. Progression to an MGUS-related disorder, not
accounting for death to co-morbidities, is estimated to be 10%
at 10 years and 18% at 20 years [8]. MGUS risk can be stratified
on three factors: abnormal serum free light chain (sFLC) ratio,
M protein 1.5 g/dL and immunoglobulin isotype. Depending
on the number of these risk factors (0–3), the projected risk of
progression ranges from 7 to 55% at 20 years [8].
Analysis of the Olmsted County cohort showed a prevalence
of 0.8% for light chain MGUS, with 23% of patients developing
renal disease [9]. Steiner et al. [10] have shown that monoclonal
gammopathy of renal significance (MGRS) patients are at increased risk of progression to MM than MGUS patients, with
median time to progression at 18.8 years. Risk stratification is
an estimate and these patients require life-long monitoring.
Among 2935 MGUS patients, MGRS was detected in 1.5%,
with an estimated 10% risk of progression within 1 year after diagnosis. Due to the rarity and heterogenous presentation, reliable biomarkers are exceptionally difficult to find. Perhaps a
better understanding of the disease pathogenesis will allow us to
discriminate high-risk patients. Recently, a prospective trial of
331 asymptomatic monoclonal gammopathy patients
(MGUS ¼ 152) analysed with clinical variables and gene expression profiles demonstrated genomic features to predict
high-risk disease, suggesting the value of genomics in furthering
our understanding of myelomagenesis [11]. Indeed, aside from
predicting progression, identifying risk for particular lesions
may aid in discovering early stages of MGRS. It is hypothesized
that risk alleles for C3 glomerulopathy may require an instigating trigger such as infection or monoclonal immunoglobulin
(MIg) to develop the disease [12]. Individuals with a high risk
could be screened more frequently and meticulously. As of yet,
identification of disease-related polymorphisms is largely limited to an experimental setting.
MM is defined as an M protein of >30 g/L or 10% clonal
plasma cells. Patients are screened for clinical manifestations of
MM under the acronym SLiM-CRAB: bone marrow plasma
cells 60%, involved to uninvolved sFLC ratio 100 with absolute light chain 100 mg/L or >1 focal lesions on magnetic resonance imaging (MRI 5 mm); hypercalcaemia, renal
dysfunction, anaemia and bone lesions [13]. Approximately,
14% of individuals with MM have no SLiM-CRAB criteria and
are designated smoldering myeloma, an entity that is not
treated outside of the context of a clinical trial [14].
MGRS DIAGNOSIS
MGRS was introduced in 2012. Leung et al. [2] noted that some
individuals who met the criteria for MGUS may have kidney
damage as a result of MIg production, or of a fragment thereof.
They termed the resulting pathological entity, MGRS which
was not considered to be a benign plasma cell clonal process

but one that was associated with end-organ damage and required treatment [15]. Thus, the abridged definition of MGUS
is the absence of renal lesions with their development warranting re-definition as MGRS.
IS MGUS EQUIVALENT TO MGRS?
MGRS encompasses an array of diseases linked to relatively benign proliferation of plasma/B cells, with subsequent excess
production of MIg, or fragment thereof, or paraprotein aggregating in renal tissues. This may lead to loss of function, and ultimately renal failure. It is usually secondary to plasma cell/Bcell clonal expansion, and may result in indirect complement
dysregulation [12]. In the absence of treatment, the renal damage due to deposits in tubules and glomeruli is progressive and
results in irreversible damage where therapy to reverse renal
dysfunction will no longer be effective [16]. Approximately,
72% of MGRS patients have progressing renal insufficiency
[10]. Mortality may relate not only to an elevated risk of developing chronic kidney disease (CKD), but also to malignancy,
infection or other organ dysfunction [16, 17]. In 2005–2011, the
median MM survival rates were estimated at 54 months,
whereas when MM was associated with moderate to severe renal impairment (RI), they were 44 and 32 months, respectively
[18].
Kidney biopsy is required for the diagnosis of MGRS to include immunohistochemistry, immunofluorescence (IFE) and
electron microscopy (EM) [16, 19]. Lin et al. [20] studied
patients with monoclonal immunoglobulin deposition disease
(MIDD), where 39% presented with MGUS. Findings in kidney
biopsy preceded clinical diagnosis of dysproteinaemia in 68% of
all cases, and 15% plasma cells was found only in 35%. In 28
cases of membranoproliferative glomerulonephritis (MPGN)
with abnormal electrophoresis, 16 patients were classified as
MGUS on the basis of bone marrow biopsy and clinical image.
Renal biopsy, specifically IFE, was described by the authors as
critical in initiating the evaluation for a gammopathy [21].
Serum electrophoresis may be negative, while biopsy indicates a
setting of monoclonal gammopathy. Depending on the disease
entity, evidence of MGRS may only consistently be found
through kidney biopsy. In proliferative glomerulonephritis
(PGN) with monoclonal IgG deposits (PGNMID) and non-IgG
PGN, detection of a circulating MIg is reported at best at 32%,
combined with a low overall yield of bone marrow examination
(25%) [22]. It is hypothesized that the small size of clonal populations is beyond the detection limit of current methods, and/or
they are located in extramedullary lymphoid tissue.
Finding nodular mesangial sclerosis in only 2/3 of MIDD
cases highlights the need for methodical IFE analysis [23, 24].
In light chain deposition disease (LCDD) with minimal to no
proteinuria, nodular sclerosis was found in only 14% of cases
[25]. Although not a diagnostic criterion, it is a common characteristic in light microscopy. Furthermore, defining the subtype of MIDD requires IFE, while diagnosis is set on IFE/EM.
EM is estimated to be necessary in setting a correct diagnosis in
approximately 11–21% of renal lesions, while in another 21–
36% it may confirm or provide additional information [26].
There are cases where the pathological protein may be hidden
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and requires a specific approach. In a review of 40 crystalline
LCPT cases (21 patients classified to MGRS), paraffin IFE with
protease digestion antigen retrieval technique was required for
correct diagnosis [27]. Furthermore, in biopsy findings of C3
GN or membranoproliferative GN, paraffin immunofixation
(IF) with protease digestion may unmask MIg deposits, and discover MGRS [28].
Extrarenal lesions in MGRS are not uncommon. Amyloid
deposits can be limited to the vasculature, marking a different
clinical profile [29]. In patients with C3 GN associated with
monoclonal gammopathy, C3 deposits may coexist in renal and
cutaneous vessels [30]. Perhaps better understanding of pathogenesis will allow for targeting the mechanism of tissue injury.
In LCDD, extrarenal manifestations may occur in the heart and
liver [31, 32]. Cardiac manifestations are reported in 1/3 of MM
patients with LCDD, and are associated with shorter survival
and worse treatment outcomes. It is important to note that 85%
of those patients had MM while in studies where MM rates
were lower [23, 24], the rate of cardiac involvement was only
10%. In rare cases, LCDD patients may present without proteinuria, with tubulointerstitial lesions, where nephrologists
might not screen for monoclonal gammopathy [25].
Nephrologists and pathologists should closely cooperate with
atypical and typical manifestations of rare diseases. In 1/3 of
IgA–PGNMID patients, the initial diagnosis was IgA nephropathy, despite the presence of MIg glomerular deposits, resulting
in a lack of haematological evaluation, which is crucial in
MGRS [33]. Another difficulty in diagnosis may be related to
membranous nephropathy with singular monoclonal IgG,
which requires staining for phospholipase A2 receptor, before
investigating a low-grade malignancy [34].
INVESTIGATION INTO MGRS
Presenting symptoms should be closely evaluated and documented. MGUS is more commonly seen in older individuals, as
are metabolic disorders, which can mimic MGRS clinically.
Unexplained RI or abnormalities such as proteinuria require
extensive testing. AL amyloidosis is suspected with albuminuria
(>50% in urine electrophoresis), nephrotic syndrome and relatively preserved kidney function as opposed to MIDD [35].
Cryoglobulinaemia (CG) Type I may present with hyperviscosity linked symptoms, and Type II with skin lesions and vasculitis [36]. The latter may be related to hepatitis C virus infection,
in which case antiviral therapy should be promptly initiated [2].
MIDD commonly causes asymptomatic multi-organ involvement [16].
SPEP is the most basic quantitative screening test for monoclonal proteins, owing to its general availability and low cost.
SPEP is positive in 81.9% of MGUS, 65.9% of AL and 55.6% of
LCDD [37]. To increase sensitivity in MGRS, it should always
be combined with IF and respective urine studies, UPEP and
urine IF [16]. IF is purely qualitative but it allows for identification of the MIg isotype. Due to low disease burden of MGRS, a
possible migration of M proteins to different fractions, and a
high limit of detection in SPEP (500 mg/L) compared with IF
(150 mg/dL), a negative SPEP does not exclude MGRS and
should be used together IF [38]. Despite lower overall sensitivity

to SPEP, the rationale for including the UPEP can be drawn
from characteristic patterns, which may be indicative of a primary disease, such as high urine albumin excretion in MIDD or
AL amyloidosis, or use in monitoring RI in MM [39, 40]. The
additional use of antibodies targeting epitopes of sFLC detects
cases missed by urine assay, though it is also true for the reverse;
as such, both assays cannot be replaced [37]. Urine free light
chain assays should not be utilized as there are no established
normal ranges [41]. The established normal range for the
kappa/lambda ratio is 0.26–1.65, whereas in patients with renal
dysfunction, a range of 0.34–3.1 is considered normal [42]. It
has been suggested that the lower threshold should be raised for
proliferative glomerulonephritides with non-organized glomerular MIg deposition [22]. sFLC should be assessed with the
knowledge that kappa monomers are more easily filtered compared with lambda dimers. Renal dysfunction, defined as an abnormal creatinine clearance (CrCl), results in elevated sFLC,
though usually but not always with a maintained kappa/lambda
ratio (2:1) [43]. Thus, all instances of a abnormal sFLC values
should not be immediately attributed to a monoclonal gammopathy [44]. In a retrospective data review of 76 MGUS (295
observations) patients, sFLCs were observed with a >55% falsenegative ratio compared with electrophoretic studies [45].
Conversly, Fulton et al. [46] analysed 219 cases with all urine
and serum studies to a conclusion of sFLC and SPEP detecting
6% more cases than SPEP/IF and UPEP/IF. Several authors
have indicated that studies criticizing IFE may use incorrect
methodology, while urine studies are of equal sensitivity and
may be more useful in low burden light chain clones, especially
lambda dominant [47, 48]. Katzmann et al. [37] observed that
SPEP and sFLC is the most effective basic screening panel in
identifying several MGRS conditions. In LCDD 42% of patients
presented with no abnormalities in SPEP/IFE, but FLCs was
raised in all and matched the isotype in biopsy [25]. FLCs are
not universally accepted and must be performed in combination with urine and serum studies. A cut-off value of kappa/
lambda ratio >2.89 of 92% sensitivity and 97% specificity are
established for plasma cell malignancy at an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2; however,
MGRS specific light chain values require further study [49]. In
17 MGRS patients with nephritic range proteinuria, serum and
urine IF with sFLC was 100% sensitive. Although three patients
with chronic glomerulonephritides were identified by sFLC and
serum IF, the results do not reliably reflect the spectrum of
MGRS. In PGNMID/non-IgG GN the detection rate is estimated at 32% for serum IF and sFLC [22, 50]. Another study on
19 PGNMID patients reported an overall paraprotein and
clonal detection rate of 37 and 32%, respectively [51]. In the
these conditions if testing for either serum IFE or sFLC is positive, bone marrow investigation with flow cytometry and immunohistochemical study may uncover a pathological clone.
Determination of the best diagnostic algorithm is difficult and if
there is a strong suspicion of MGRS, all five tests should be ordered. At present, there is no standard testing for the heterogenous presentation(s) of MGRS due to different disease
subtypes.
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Dimopoulous et al. [68]
Siegel et al. [69]
Dimopoulos et al. [70]
16 pts CrCl <30 mL/min, CrCl 30 < 60 in 82 pts
355 pts with CrCl 30 and <60 mL/min (166 pts CrCl 30 < 45)
56 pts CrCl <30 mL/min, 128 pts with CrCl 30–50 mL/min

Clinical trial
Clinical trial
Clinical trial
Clinical trial
Retrospective
Clinical trial
Clinical trial data

Two clinical trials
Three clinical trials
Clinical trial

RTX
VMP versus MP
VMPT–VT versus VMP
Ixazomib Lenalidomide–Dex
Bentamustine monotherapy/ with RTX
V versus IMiD versus CC
T-Dex

L-Dex
POM–lowDex
Carﬁlzomib Dex versus Bortezomib Dex
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V, bortezomib; M, melphalan; L, lenalidomide; T, thalidomide-dexamethasone; V, bortezomib; CC, conventional chemotherapy; CLL, chronic lymphocytic leukaemia; NHL, non-Hodgkin lymphoma; pts, patients.

Fervenza et al. [61]
Dimopoulos et al. [62]
Morabito et al. [63]
Moreau et al. [64]
Nordstrom et al. [65]
Roussou et al. [66]
Tosi et al. [67]

Clinical trial
POM, LoDex

Membranous nephropathy
MM with RI
MM with RI
Refractory/relapsed MM
CLL/NHL
MM with RI
MM with RI prior to ASCT
(induction therapy)
MM RI versus non-RI
MM with RI
Relapsed/refractory MM

Dimopoulos et al. [60]

Three cohorts—33 eGFR 30–45 mL/min pts, 34 < 30 mL/min
eGFR pts, 14 HD pts
eGFR  40, Proteinuria  5 g/24 h
34 pts <30 mL/min GFR, 193 pts GFR 31–50 mL/min
33 pts <30 mL/min eGFR, 116 pts eGFR 31–50 mL/min
10 pts CrCl <30 mL/min, 169 pts CrCl 30–60 mL/min
104 pts CrCl <40 mL/min
55 pts CrCl <30 mL/min (9 dialysis), 41 pts CrCl 30, <50 mL/min
16 pts CrCl < 30 mL/min, 15 pts CrCl 30–50 mL/min (total 7 on HD)

Dimopoulos et al. [57]
Ponisch et al. [58]
Perry et al. [59]
149 patients CrCl <30 mL/min, 372 pts CrCl 30, <50
18 eGFR <35 mL/min (11 pts eGFR 15 mL/min)
14 pts (71.5% with eGFR <60 mL/min)

MM/with RI
MM with RI
Indolent NHL
Glomerulonephritis related to MIg
Relapsed/refractory MM with RI

Reference
Severity of kidney insufficiency

Clinical trial
Retrospective
Retrospective

Historically, melphalan-prednisone (MP) was used for the
treatment of plasma cell dyscrasias but due to the low response

Lenalidomide LoDex, MPT
Bendamustine, P, V
RTX, CYC, Dex

CYTOTOXIC DRUGS

Character

A multi-disciplinary collaboration between nephrologist, pathologist and haematologist is a priority in the diagnosis and
treatment of these individuals. Therapy should incorporate biopsy-driven diagnosis with particular clinical features and disease course prediction. Identification of the clone responsible
for MGRS, and appropriate haematological treatment should
translate into better RR, and prevention of progression. MGRS
patients with doubled serum creatinine or reduced renal function may be at higher risk of haematological progression (odds
ratio 2.6, CI 0.3–24) [10]. In MM, the reversal of RI has been
shown to improve outcome [56]. Treatment of CD20þ clones
should utilize rituximab (RTX), while MGRS conditions, particularly non-IgM MGRS, should consider MM regimens as
provided below and summarized in Table 1. With the rarity
and wide array of MGRS conditions, establishing strong evidence for treatment is difficult, and evidence is limited to anecdotal cases or small patient series.

Table 1. Therapeutic regimens for primary MGRS conditions

TREATMENT FOR MGRS—AN OVERVIEW

Drug

Disease character

Without chemotherapy there is a high recurrence rate of
MGRS conditions post-renal transplant, and prioritizing functional improvement requires early diagnosis as opposed to the
passive monitoring in MGUS [2] (Table 3). Recent advances
point to time of flight mass spectrometry (MS), without the
need for expensive proteomic analysis, though the ability to discriminate and identify the pathological protein has to be demonstrated [52]. Laser microdissection and MS proteomics are
recommended to confirm AL amyloidosis, cases of abnormal
MIDD with truncated MIg or instances where the specific MIg
region is of interest [19, 42]. Urinary exosomes, which have different characteristics in AL amyloidosis and MGUS, combined
with MS may become the diagnostic and monitoring tools after
more evidence is available [53]. In daily practice, parameters of
kidney function, creatinine and proteinuria, can be compared
with assessment of the course of progression and response to
treatment [54]. However, first-line monitoring should include
paraprotein levels and indirect disease activity markers, which
track evolution of the primary disease.
Non-invasive screening tools for on-going diagnosis of plasma
cell dyscrasia, particularly in difficult to identify MGRS conditions, are of interest. Vij et al. [55] reported on deep sequencing
of peripheral blood, demonstrating clonal plasma cells in 96% of
MM patients. In the case of IgM MGRS, which suggests the presence of B-cell/lymphoplasmacytic clone, it is necessary to attempt
to specify the clonal population, through bone marrow and/or
lymph node biopsy and radiographic imaging [2, 16]. F18 positron emission computed tomography can identify potential abnormal lymph nodes for biopsy, in conjunction with peripheral
blood flow cytometry [54]. MRI to exclude marrow involvement
may also be considered. With the heterogeneity of MGRS, aside
from determining the conclusive histopathology character, exclusion of plasma cell malignancy is necessary.
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rates has been replaced by more potent regimens. In LCDD
with MGUS, MP and plasmapheresis prolonged survival; however, kidney function deteriorated, which marks the inefficiency
of the old regimes.
To achieve a higher and more durable haematological response (HR) and potentially to qualify for kidney transplant
(Ktx), high-dose melphalan supported with autologous stem
cell transplantation (ASCT) is considered highly efficacious in
MM and AL. SCT has been shown to improve survival in AL
amyloidosis and MIDD [71, 72]. Achieving a very good partial
response (VGPR)/complete response (CR) is associated with a
better RR rate than a HR < VGPR [31, 32, 73]. Importantly, an
advanced impairment of renal function may impact response
independently of achieving HR [32, 74]. Preventing renal damage will likely only be achieved by earlier diagnosis.
IMMUNOMODULATORY AGENTS
Thalidomide, the first immunomodulatory drug (IMiD) agent
approved for the treatment of myeloma, can be safely administered regardless of renal function. Outside the USA, thalidomide remains a viable choice in CrCl <50 mL/min/1. 73 m2,
since it is not renally cleared [67]. Song et al. [75] report that in
patients with a low glomerular filtration rate (GFR), defined as
<40 mL/min/1.73 m2, cyclophosphamide (CYC) was better
than MP when combined with thalidomide, with regard to renal functional improvement, adverse events, overall survival
(OS) and mortality due to infection (P < 0.001). Lenalidomide
is renally cleared and doses need to be adjusted for renal insufficiency (CrCl <60 mL/min). Complete blood counts should be
performed on a regular basis in the setting of moderate to severe
renal insufficiency so that the lenalidomide dose may be modified in the setting of unacceptable cytopenias [68]. In a study of
41 AL amyloidosis patients treated with lenalidomide, 66%
were observed with kidney dysfunction and 10% required dialysis [76]. However, for approximately 25% of patients the initial
doses were too high, and for half dosage was not appropriately
adjusted. Another aspect was older age and worse renal status
in those who experienced more severe impairment. Recently, a
large MM trial reported that renal function-adapted lenalidomide dose resulted in similar safety across all levels of RI
(Table 1) [57].
Pomalidomide (POM) is effective in lenalidomide-refractory
cases, and suitable for any CrCl (Table 1). However, the recommendation for patients on dialysis is 3 mg rather than the standard 4 mg dose and should be administered following dialysis
[77]. The latest results of POM and low-dose dexamethasone
(LoDex) showed acceptable safety of 4 mg/day in patients with
eGFR <30 mL/min/1.73 m2 and on dialysis, though CR was
only achieved in eGFR 30–45 mL/min/1.73 m2 [60]. IMiDs
have been used with effectiveness in MM, AL amyloidosis,
MIDD, CG Type 1 and LCPT (Tables 1 and 2) [27, 31, 85].
PROTEASOME INHIBITORS—NOVEL DRUGS
In 2015, bortezomib, a first-generation proteasome inhibitor,
was established as a class 1 A treatment (BDex) standard by the
European Myeloma Network for MM with RI [86]. Bortezomib

showed a favourable profile with metabolism independent of
kidney function, and demonstrated to be beneficial in advanced
renal failure and dialysis [87, 88]. A systematic review in 2014
concluded that bortezomib was preferable to other agents in
MM with RI [89]. The most prominent adverse event is peripheral neuropathy, which may be a troublesome side effect in often mildly symptomatic MGRS conditions. Bortezomib
promotes a high rate of haematological CR, as well as RR in
MM with RI [90]. High-dose Dex is linked to a faster RR; however, mildly symptomatic MGRS patients may not be willing to
comply with the side effects, whereas treatment-wise achieving
a faster RR may improve the disease course [88]. Bortezomib
high-dose Dex is recommended by the IMWG for patients with
MM-related RI, whereas a three-drug scheme is deemed to improve RR [91].
In 50 patients with C3 glomerulopathy associated with
monoclonal gammopathy, chemotherapy effectively achieved
HR, the only predictor of RR in multivariate analysis, into significantly higher RR and renal survival rates compared with
standard immunosuppression [92]. Bortezomib-based regimes
made up 76% of the chemotherapy group, also being significantly associated with RR in univariate analysis. Bortezomibbased treatment in 49 patients with MIDD reported at least a
VGPR in 70.4%, with HR not significantly different from
HDM/SCT [93]. Maintained haematological remission was associated with survival in all patients at 85 months follow-up, in
comparison with 52% at 48 months in a series published in
2003 [74]. Ziogas et al. [94] reported on 18 MIDD patients
treated exclusively with bortezomib regimes with > VGPR in
33.3%, and an equal number progressing to end-stage renal disease (ESRD). In the 2003 study by Pozzi et al., progression was
similar at 36.8%, suggesting that even late induction of novel
therapy will not overcome poor prognosis associated with advanced renal insufficiency. The higher efficacy reported by
Cohen et al. may be explained by overall less advanced kidney
failure and proteinuria. Together the studies demonstrate that
prevention of poor kidney function is necessary to treat effectively, regardless of treatment regime.
Recently, the spectrum of MGRS has been reviewed in the
context of monoclonal IgA deposits. RTX did not elicit a RR,
while bortezomib-based treatment was suggested as first-line
strategy [33]. Of 22 LCPT patients, six MGRS patients were
treated with bortezomib-based regimes, with 33.3% reaching at
least VGPR, while the remainder had stable disease [27].
Untreated patients progressed to ESRD, while multivariate
analysis showed initial eGFR to be the only predictor of renal
function. This brings further support to prioritizing early detection and subsequent chemotherapy to prevent deterioration of
kidney function. In AL amyloidosis, CyBorD/BDex is stem cell
spairing and therefore can be used in patients who may yet
qualify for SCT, as well as renal failure [95]. In 53 patients with
LCDD, of which 57% were in Stage 4/5 CKD, achieving at least
a VGPR improved renal outcome, with bortezomib-based regimens achieving CR in eight out of nine cases [31]. MIDD has
previously been reported with poor outcomes and progression
to ESRD [24]. Kourelis et al. [73] studied 88 patients with
MIDD (42% MGRS), of which 69% presented with eGFR
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Retrospective review of 25 consecutive AL pts

28 pts with AL amyloidosis

50 AL amyloidosis pts, 62% with renal load
(4 in renal Stage III)

259 AL amyloidosis pts

DARA

Pomalidomide–Dex

LMD

M-Dex

HR 76% CR 31% in high dose, versus 51 and 12% in
attenuated

230 pts with 63% with renal involvement
CyBorD

VGPHR, very good partial haematological response; EGCG, epigallocatechin gallate; LMD, lenalidomide melphalan dexamethasone; VCD, bortezomib cyclophosphamide dexamethasone; M-Dex, melphalan dexamethasone.

Palladini et al. [84]

Hegenbart et al. [83]

Palladini et al. [82]

139 pts with AL amyloidosis
CVD versus CTD

HR in 76%, CR in 36%, VGPR 24%, well tolerated
even in cardiac pts
68% HR, >VGPR in 29%, 53% with response after
1 cycle
CR 18%, VGPR 32%, OR in 48%, haematologic and
cardiac toxicity, 4% mortality

Another choice in refractory AL, improves survival, haematological progression predicts survival
1 case of acute kidney injury, lenalidomide dose has to
be monitored and adjusted, otherwise tolerable and
efﬁcacious
OR only in patients with HR (higher in CR versus
VGPR)

Kaufman et al. [81]

Palladini et al. [80]

Efﬁcacious in patients without cardiac involvement, survival is dependent on deep response
Efﬁcacious in heavily pre-treated

Kastritis et al. [78]

Higher dosing of Dex and CYC addition does not impact therapy outcomes signiﬁcantly
Fast clonal control did not reduce early mortality

Similar HR (P ¼ 0.26), RR 43% for VD versus 41%
for VCD (P > 0.05), similar survival (P ¼ 0.45)
Higher CR in CVD (40.6% versus 24.6%), median
PFS 28.0 versus 14.0 months, respectively
60% HR, 43% VGPR, 25% RR
101 pts AL amyloidosis (11 renal Stage 3)
VCD versus VD

Venner et al. [79]

Reference
Conclusions
Outcomes
Patients and methods
Drug

Table 2. AL based regimens for treatment of MGRS

<30 mL/min/1.732, reporting proteasome inhibitor/SCT as the
most feasible therapeutic choice. Achievement of complete/
very good partial HR was necessary for a RR, while RR was an
independent predictor of progression, again highlighting the
principles of MGRS treatment. In patients with PGNMID who
do not respond to initial treatment with RTX/CYC and steroids, bortezomib-based treatment may elicit a response [51].
Bortezomib-based therapy was effective even in refractory cases
of CG Type 1 related to MM [85, 96, 97].
Carfilzomib is a second-generation proteasome inhibitor.
Dimopoulos et al. [98] reported that carfilzomib-based therapy
improved renal outcome in 55% of patients with eGFR
<60 mL/min/1.73 m2. Renal function may initially temporarily
decrease, though therapy improves renal function. A cardiac
risk profile should be treated with exceptional care. Patient profile assessment and further studies will determine the use in
MGRS.
MONOCLONAL ANTIBODIES
Patients with MGUS treated with RTX and prednisone had improved kidney function and decreased proteinuria. In patients
with MPGN secondary to indolent clones, RTX, CYC and
prednisone were more effective then RTX with steroids/monotherapy [99]. Therapeutic doses of monoclonal antibodies may
be administered even in renal failure and post-renal allograft
settings [100, 101]. In seven patients with glomerulonephritis
with monoclonal IgG deposits, RTX has been observed with
promising results [five achieved CR, two partial response (PR)]
[102]. The added benefit of RTX over classic chemotherapy
relates to a more tolerable profile. Treatment of 14 PGNMID
patients in approaches of clone-directed and empirical therapy,
without identifiable discrasia was effective, with patients with
no detectable clone responding with complete and PSs in all
but two cases. Bortezomib-based therapy may be effective in
non-responders. While empirical treatment is not easily undertaken, with clonal detection at 25–32%, it seems justified considering the rate of response [22, 51]. However, the study
population is not robust and the benefit/safety of such an approach is in need of confirmation by larger studies.
Interestingly, patients with eGFR 20 had similar rates of CR/
PR to eGFR 45, and all patients were free of ESRD in followup, underscoring the value of a haematological treatment approach in MGRS [51]. RTX–CYC–Dex use in 14 patients with
MIg-associated glomerulopathy secondary to indolent nonHodgkin lymphomas was reported on, with 64% achieving CR
(Table 1). The antiproteinuric effect of RTX is another beneficial aspect. A steroid-free regimen of bendamustine and RTX
prospectively assessed in indolent B-cell lymphoma of renal
significance resulted in 85% achieving a haematological CR
and 75% a complete RR [103]. Patients without RR did not
achieve HR. Bendamustine is primarily cleared by hydrolysis,
with minimal kidney involvement, and recently there is substantial evidence suggesting its safety in advanced renal failure,
though complete blood counts should be monitored for haematological abnormality [104, 105] (Table 1). RTX should be considered in patients with IgM-associated MGRS, especially when
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Lowest mortality, best HRs in SCT, though patients
were younger, and had best initial and ﬁnal renal
function
3 recurrences in 4 Ktx patients, range of 7–43 months,
38% progression to ESRD in SCT
No recurrences in 3 Ktx patients, allograft rejection in
1 patient after 3 years, SCT was safe and tolerated but
patients were younger, bortezomib-based treatment had
similar RR rates
23% of MPGN patients have monoclonal proteins, may
increase risk of recurrence, SCT resolved recurrence,
plasmapheres as passive maintenance
1 patient did not survive SCT, all others achieved HR,
2 relapses with 1 improved by subsequent
chemotherapy
Median recurrence 2–45 months for 5 patients, subsequent 4 deaths, only 1 patient free of renewal
Improvement in graft function and serum creatinine in
2 year follow-up
Despite RTX treatment there was 1 progression to
ESRD and one malignancy progression
2 recurrences in patients without prior chemotherapy,
1 rejection of Ktx, 3 patients in CR in >6.8 year followup, 1 SCT-related death, 13/15 achieved CR
66.7% recurrence, of which 21% associated with monoclonal gammopathy, recurrence earlier (3.6 month median versus 43.3 month), more progressive course (P ¼
NS), SCT improved kidney function in one patient, stable graft in 10-year follow-up
Prevalence 8.1%, 5.2 year median to MGUS discovery,
higher rate of MBL, history of inﬂammatory kidney disease as predictive factor, no association with age and
gender, no impact on graft survival, overall survival, incidence of malignancy
3% pre-transplant MG (n ¼ 34)

27 LCPT patients treated with chemotherapy (11 SCT), 9 with no treatment

42 patients (23 pre-transplant, 19 post), median survival
26.1 versus 28.0 years respectively, 4 haematological malignancies developed in pre, 2 PTLD >15 years posttransplant

3, 518 Ktx recipients

MBL, monoclonal B-cell lymphocytosis.

2.9% incidence (9 pts pre-transplant, 8 post)

587 Ktx recipients

1, 593 Ktx recipients

548 Ktx patients

21 Ktx wit C3GN

53 LCDD, 7 Ktx, 16 SCT

2 PGNMID Ktx patients (1 de novo, 1
recurrent)
3 PGNMID (2 CLL)

7 LCDD Ktx patients

6 LCDD with SCT

29 MPGN Ktx patients, 6 with
monoclonal protein (4 MGUS, 1 CLL)

64 MIDD patients, 16 pts treated with
SCT, 4 Ktx
49 MIDD patients, 3 Ktx with 1 VGPR
and 2 CR, 18 SCT

Outcomes

Patients and methods

Table 3. Monoclonal gammopathy in the setting of kidney transplantation

No cases of progression, no association with malignancy
incidence or mortality
No progression during 6-year follow-up, MGUS not a
contraindication to Ktx
Diagnosis of PTLD was symptom-based, true incidence
may be higher, exclusion of associated kidney disease
and malignancy is necessary before Ktx

MGUS pre- and post-transplant may be different conditions in terms of management, however, strict follow-up
is needed, especially in MBL patients

SCT can be successful even in CKD Stage 4; however,
renal survival is still worse, SCT appears more safe than
in AL amyloidosis
Monoclonal gammopathy patients are at risk of an earlier and more aggressive disease

RTX can be effective in both recurrent and de novo
PGNMID pts
RTX therapy may improve renal outcomes in short term

A HR must be achieved before attempting Ktx

Insufﬁcient response to SCT may be an indication for
Ktx in select patients after achieving HR

MPGN patients should be screened for monoclonal
proteins

High creatinine at biopsy is associated with poor outcome, chemotherapy after recurrence is inefﬁcient
Sustained VGPR necessary for Ktx, SCT is preferred
CKD stages

Best renal outcome compared with chemotherapy or no
treatment, SCT stabilized or improved renal function

Conclusions

Naina et al. [118]

Bancu et al. [127]

Jimenez Zepeda et al. [117]

Alfano et al. [126]

Zand et al. [125]

Sayed et al. [31]

Barbour et al. [124]

Merhi et al. [123]

Leung et al. [109]

Lorenz et al. [122]

Lorenz et al. [110]

Cohen et al. [93]

Nasr et al. [24]

Stokes et al. [27]

Reference

FIGURE 1: Diagnostic and therapeutic algorithm of monoclonal gammopathy of renal signiﬁcance.

CD20þ cells can be identified, while non-IgM-associated diseases more often require MM-like treatment.
Recently an anti CD38 monoclonal antibody, daratumumab
(DARA), has been approved for the treatment of newly diagnosed and relapsed MM patients [106]. Like many Phase 3 registration trials, the study excluded patients with CrCl 20 mL/
min. Anecdotal evidence of safety and reduction of dialysis frequency in a patient with DARA monotherapy has recently been
reported [107]. A case of PGNMID refractory to RTX and

bortezomib was successfully treated with DARA [108]. Due to
independence of kidney clearance and positive results in RI, it
may prove beneficial in MGRS. There is an on-going Phase 2
study of DARA in MGRS [NCT03095118].
MGRS, TRANSPLANT AND ESRD
Renal transplant in MGRS is controversial as frequent recurrences are observed when the abnormal clone is not adequately
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suppressed [24, 109, 110]. The current treatment paradigm in
MGRS is to achieve a complete HR as a means of improving
post-transplant outcome and preventing recurrence [71, 72,
111]. Cibeira et al. [112] report that in 340 AL amyloidosis
patients subject to SCT, 43% attained CR improving long-term
OS and organ response (OR). In recent years, the treatment-related mortality (TRM) has decreased from 13.8% between 1994
and 2003 to 5.6% between 2004 and 2008. In part this probably
reflects the experience of established centres; however, with access to novel agents, there are other options for treatment.
Cardiac involvement should be screened for in LCDD due to a
high TRM (23%) with SCT, as opposed to non-cardiac patients
[32]. PS does not indicate treatment failure and significantly
increases survival compared with patients lacking response
[113].
A study in AL amyloidosis patients associated the need for
dialysis within 30 days of SCT with highest early death risk and
TRM. Patients with both eGFR <40 mL/min/1.73 m2 and serum albumin <2.5 mg/dL had a 43.8 and 28.1% risk of requiring dialysis and chance of TRM, respectively. Identifying and
screening for such risk factors should improve the feasibility of
SCT in MGRS conditions [114]. In a study of 36 patients with
AL amyloidosis/MIDD who were dialysis dependent for ESRD,
CR was reached in 53% at 1 year post SCT, with an 8% TRM
[72]. Achievement of dialysis independence was possible in
patients receiving a Ktx after successful SCT. Similarly, a study
in MM with RI found no impact on survival for patients who
were dialysis dependent [115]. Further research is required to
evaluate risk factors and establish whether select ESRD patients
may benefit from SCT.
Literature reports are conflicting on the approach to Ktx in
MGUS [116–118]. Bansal et al. [119] reflect that a select group
of plasma dyscrasia patients should be considered for Ktx, especially those subject to dialysis-associated complications. In AL
and MIDD, patients achieving haematological CR have been
reported with successful Ktx [120, 121]. Monoclonal gammopathy in the setting of Ktxs is presented in Table 3. In summary,
primary disease activity, organ function and patient performance should dictate selection for Ktx. We propose an algorithm for diagnostic and therapeutic treatment of MGRS
(Figure 1).
CONCLUSION
With under-recognition of the wide spectrum of MGRS, accurate classification, evidence-based therapy and expert established management is required. Renal involvement in MGRS
results from the direct deposition of monoclonal protein and its
light- or heavy-chain fragments in the kidney. IFE microscopy
is essential to identify the offending monoclonal protein and its
renal tissue distribution. In selected cases, MS is of value.
MGRS therapy is directed to eliminate the clonal plasma cell or
B-cell population. Adverse events particular to the chosen drug
should complement the patient profile. Early detection, diagnosis and chemotherapy may improve kidney function. It should
be stressed that both the renal pathology and the underlying
haematological disorders influence the management and

prognosis of MGRS. Upon achieving HR, ASCT and Ktx should
be considered as therapy endpoints in MGRS.
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