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Abstract
Monoclonal Gammopathy of Renal Significance (MGRS) is a group of rare disorders in which monoclonal proteins cause 
kidney damage. Due to its rarity, ongoing research is vital to refine diagnostics, enhance treatment, and improve outcomes. 
This retrospective study analyzed 34 patients with renal biopsy-proven MGRS-defining lesions. Patients were divided into 
two subgroups: kidney-limited AL amyloidosis (MGRS-A, 44%, n = 15) and other MGRS (MGRS-NA, 56%, n = 19). Key 
outcomes included progression-free survival and overall survival. Baseline characteristics such as histopathology, plasma 
cell percentage, kidney function, and proteinuria were documented alongside initial treatments, and hematologic and renal 
response. Distinct differences were observed between the two groups: MGRS-NA was primarily associated with glomerular 
lesions, while MGRS-A exhibited broader kidney involvement. Treatment varied: bortezomib for plasma cell-driven cases 
and rituximab for B-cell-related conditions. Anemia was the most common side effect (71%), associated with treatment 
intensity. Despite similar overall survival outcomes, MGRS-A followed a more aggressive course, with a shorter time from 
diagnosis to death (206 vs. 728 days). Renal and hematologic responses were comparable between the groups, although 
baseline factors such as hemoglobin and CRP levels were predictive of mortality. These findings underscore the need for 
more precise characterization and standardized criteria to optimize the management of MGRS.

Keywords  Monoclonal gammopathy of renal significance · Amyloidosis · Kidney · Anemia · Proteinuria · Bone marrow 
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Introduction

Monoclonal gammopathies (MG) are uncommon clini-
cal conditions often identified through laboratory tests, 
particularly in elderly individuals [1]. These disorders are 
defined by the presence of monoclonal immunoglobulin 
(Ig) in plasma, urine, or both. Contemporary hematological 

classification criteria highlight the importance of identify-
ing the pathological cell clone and evaluating the extent of 
associated organ damage [2]. When patients meet diagnos-
tic criteria for neoplasia but exhibit no organ damage, they 
may be classified with “smoldering” conditions, such as 
smoldering multiple myeloma (SMM), low-grade chronic 
lymphocytic leukemia (CLL), or smoldering lymphoplasma-
cytic lymphoma (sLPL). In cases where both tumor burden 
and organ damage are minimal or absent, diagnoses may 
include monoclonal gammopathy of undetermined signifi-
cance (MGUS), IgM-MGUS, or monoclonal B lymphocyto-
sis, conditions often linked to lymphoplasmacytic lymphoma 
or CLL clones [2].  MGUS was first described by Robert 
Kyle in 1978, representing a pivotal milestone in the clas-
sification and understanding of these disorders [3, 4]. Since 
its identification, MGUS has been widely recognized as a 
precursor to more serious plasma cell dyscrasias, such as 
multiple myeloma, and remains a focus of active research 
into its progression and clinical implications. Traditionally, 
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monoclonal immunoglobulin (Ig) has been associated with 
renal disease in overtly malignant conditions, such as mul-
tiple myeloma (MM) or lymphoplasmacytic lymphoma. 
However, recent evidence indicates that monoclonal Ig 
can also cause kidney damage in the absence of a signifi-
cant tumor burden, challenging long-standing assumptions 
about the pathophysiology of these conditions [2–4]. Given 
the renal risks associated with nephrotoxic monoclonal Ig 
in these cases, the International Kidney and Monoclonal 
Gammopathy Research Group (IKMG) introduced the term 
“Monoclonal Gammopathy of Renal Significance” (MGRS) 
in 2012, later updating it in 2017. MGRS refers to clonal 
plasma cell or B-cell disorders that produce monoclonal Ig 
capable of causing renal damage, even in the absence of can-
cer treatment criteria [2–4]. This classification emphasized 
the importance of timely therapeutic intervention to prevent 
end-stage renal disease in MGRS patients. If MGRS pro-
gresses to malignancies such as multiple myeloma or high-
grade CLL, standard oncologic treatments are typically rec-
ommended. The prevalence of MGRS remains uncertain due 
to its recent classification, with estimates ranging from 1.5 to 
6% of MGUS patients [5]–8. Kidney damage associated with 
MGRS is particularly resistant to standard immunosuppres-
sive therapies, with a recurrence rate as high as 90% follow-
ing kidney transplantation if the monoclonal gammopathy 
remains uncontrolled [9–11]. The situation is further compli-
cated by the potential coexistence of MGRS with conditions 
like amyloidosis, a group of diseases characterized by the 
accumulation of insoluble protein aggregates in a beta-sheet 
configuration. Among these, immunoglobulin light chain 
amyloidosis (AL) is the most common and frequently occurs 
alongside MG, complicating patient management. Systemic 
AL amyloidosis affects approximately 10% of MM patients 
and significantly influences prognosis, particularly in cases 
with cardiac involvement.

Diagnosing this form of amyloidosis requires precision, 
typically achieved through Congo Red staining, immunohis-
tochemistry, or electron microscopy to confirm the presence 
of amyloid deposits in affected organs. Additionally, mass 
spectrometry can be employed for amyloid typing [12, 13].

Advancements in treatment, including the addition of the 
anti-CD38 antibody daratumumab, have expanded therapeu-
tic options for AL amyloidosis, highlighting the importance 
of thorough characterization of MG patients. Recent studies 
in the context of MGRS have revealed variations in clinical 
outcomes based on amyloidosis involvement. For instance, 
a study by Gozzetti et al. [14], involving 280 patients, found 
that MGRS patients without amyloidosis (MGRS-NA) had 
more severe renal impairment compared to those with amy-
loidosis (MGRS-A). However, MGRS-A patients exhibited 
lower overall survival, likely due to the impact of cardiac 
involvement. These findings suggest that while amyloidosis 
adds complexity to MGRS, its effects extend beyond renal 

impairment and influence survival through involvement of 
other organs. To address these complexities in real-life set-
ting, we conducted a retrospective study to compare the clin-
ical and histological presentations between MGRS-NA and 
kidney-limited MGRS-A patients. Additionally, we analyzed 
various treatment approaches, focusing on hematologic and 
renal responses, as well as overall prognosis. This investiga-
tion aims to enhance our understanding of MGRS subtypes, 
inform therapeutic strategies, and identify predictive mark-
ers for improved outcomes.

Materials and methods

This observational, retrospective and monocentric study 
involved adult patients (over 18 years old) diagnosed with 
MGRS according to the IKMG criteria, [4] at Polyclinic San 
Martino Hospital in Genoa, Italy. Specifically, all patients 
were classified into MGRS-NA and MGRS-A groups, based 
on the Congo Red positivity of their kidney biopsies. A bone 
marrow (BM) biopsy was performed to screen the presence 
of tumor cells clone and to exclude a MM diagnosis; only 
patients without clinical signs of overt MM were included in 
the study. In contrast, those with systemic involvement, such 
as neurological or cardiac complications, were excluded. 
Specifically, any features of cardiac involvement identified 
through echocardiography, such as unexplained left ventric-
ular wall thickening, diastolic dysfunction, or reduced global 
longitudinal left ventricular strain, were considered exclu-
sion criteria. Clinical and laboratory data were collected 
from the electronic medical record system. At diagnosis, the 
following parameters were analyzed: age, sex, performance 
status  (evaluated by  the Eastern Cooperative Oncology 
Group score-ECOG), renal function, including serum creati-
nine (sCr) and estimated glomerular filtration rate (eGFR), 
proteinuria, hemoglobin level, serum calcium and albumin, 
beta-2-microglobulin, lactate dehydrogenase (LDH), immu-
noglobulin-specific isotype, serum-free light-chain (sFLC), 
percentage of monoclonal bone marrow plasma cells, and 
the presence of B-cell lymphoproliferative disease. eGFR 
was calculated using the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) creatinine-based equation 
[15]. Additional variables included the Pavia renal staging 
system, the International Staging System score (ISS), and 
frontline treatments [16]. The primary endpoint was to 
evaluate hematologic and renal responses, progression-free 
survival (PFS), time to next treatment (TNT), and overall 
survival (OS). Secondary endpoints included a description 
of baseline patient characteristics, the most frequently used 
therapies, the relationship between hematologic and renal 
responses, and the safety and tolerability of treatments. 
Hematologic responses were defined according to the Inter-
national Myeloma Working Group (IMWG) criteria [17, 18]. 
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Renal response was defined as a reduction in 24 h urine pro-
tein output by at least 30% or to less than 0.5 g/24 h, in the 
absence of renal progression (eGFR reduction of more than 
25% from baseline). In cases where kidney biopsy slides 
were available, we further analyzed the distribution of pri-
mary lesions (tubular, glomerular, vascular, or mesangial) 
and immunofluorescence (IF) patterns, focusing on the dep-
osition of light chains, heavy chains, and complement pro-
teins. Each patient’s comorbidities were quantified using the 
age-adjusted Charlson Comorbidity Index (CCI). Follow-up 
visits were scheduled based on clinical judgment, with the 
end of follow-up defined as the last recorded observation (as 
of December 31, 2023), death, or disease progression. The 
study was conducted under all national and international 
ethical and legal recommendations, following approval by 
the local Ethics Review Committee, in accordance with the 
declaration of Helsinki. (Comitato Etico Territoriale, CER- 
Liguria: 515/2020). Informed consent was obtained from all 
participants prior to their inclusion in the study.

Statistical analysis

Data were collected in spreadsheets and analyzed using 
R statistical software (v. 4.3.3; RStudio) and SPSS (v. 25; 
IBM). A p-value < 0.05 was considered statistically sig-
nificant. For patients’ characteristics, continuous variables 
were expressed as mean or median and compared with the 
Kolmogorov–Smirnov or Student’s t-test as appropriate 
after Shapiro test. Categorical variables were expressed as 
counts and percentages and compared using the Chi-square, 
binomial test or Fisher’s exact test as appropriate. Survival 
analysis between groups was performed using the log-rank 
(Cochran–Mantel–Haenszel) test. The effects of individual 
variables on survival curves were assessed using a univariate 
Cox proportional hazards analysis, given the relatively small 
number of available cases. For each variable, a log-rank test 
was performed, and the corresponding p-value was reported 
in the variable header. To identify significant variables, Bon-
ferroni post hoc correction was applied to the p-values, with 
the results included in the graph.

Results

Baseline characteristics of cohort

A total of 34 patients were enrolled between December 
2012 and August 2021 at our center. Table 1 summarizes 
the demographic and clinical characteristics of the cohort, 
divided into two subgroups based on the histopathological 
features of renal biopsy: patients without amyloid deposits 
(MGRS-NA, 56%, n = 19) and those with amyloid tissue 
deposits (MGRS-A, 44%, n = 15). The mean age at diagnosis 

was 61.2 years (range 31–84), with no significant differences 
between the two groups. No differences were also observed 
in performance status, monoclonal protein (p = 0.49), ISS 
stage (p = 0.24), monoclonal protein size (p = 0.59), serum 
albumin (p = 0.43) and Pavia renal staging (p = 0.1961). By 
contrast, the light chains ratio (sFLC K/λ) was significantly 
lower in MGRS-A than in MGRS NA group (p < 0.001).

Additionally, monoclonal gammopathy-defining fea-
tures, such as LDH (237 vs. 235 U/L; p = 0.0429) and 
β2-microglobulin (5.69 vs. 5.7 mg/L; p = 0.0423), were 
significantly elevated in the MGRS-A group. In contrast, 
patients in the MGRS-A group had less severe hematological 
and renal impairments, as evidenced by significantly higher 
hemoglobin levels (11 vs. 10.98 g/dL; p = 0.023), lower sCr 
levels (2.4 vs. 2.5 mg/dL; p = 0.0149), and higher eGFR (46 
vs. 45 mL/min/1.73m2; p = 0.04). No significant differences 
were found between the groups in 24-h urine protein out-
put (4.44 vs. 3.83 g/24 h; p = 0.30) or Pavia renal staging 
(p = 0.19). Interestingly, our analysis, in contrast to previ-
ously reported data, [14] revealed significant differences in 
the bone marrow monoclonal plasma cell percentage, with 
the MGRS-A group exhibiting a significantly higher percent-
age than the MGRS-NA group (22% vs. 1.89%; p < 0.0001).

Renal histology

To further investigate renal impairment in our cohort, 
we analyzed the available histopathological data from 29 
subjects. Notably, five patients (2 in MGRS-NA and 3 in 
MGRS-A group) were excluded from this analysis as their 
kidney biopsies and histological diagnoses were performed 
at external centers, where the slides were unavailable for 
critical reevaluation.

As expected, MGRS-NA encompassed patients with het-
erogeneous histological patterns. Among them, the majority 
(11 out of 17, 64.7%) were diagnosed with proliferative glo-
merulonephritis with monoclonal IgG deposits (PGNMID).

As shown in Table 2, glomerular involvement was pre-
dominant (82.7%) across both groups MGRS-NA and 
MGRS-A as well. In detail, patients in MGRS-NA group 
exhibited primarily glomerular lesions, with tubular and 
vascular involvement observed only in a few cases: 6 and 2, 
respectively. This pattern suggests a specific renal pathology 
profile for this group in which glomerular lesions are pre-
dominant. Conversely, in the MGRS-A group, tubule-inter-
stitial and vascular lesions were more frequently observed, 
affecting 75% and 66.7% of patients, respectively. Notably, 
these differences between the two groups were statistically 
significant, with p-values of 0.035 for tubule-interstitial 
lesions and 0.002 for vascular lesions. These findings indi-
cate a more extensive renal involvement in the amyloid 
group compared to MGRS-NA.
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Immunofluorescence analysis further revealed distinct 
immunopathological profiles between the two groups. 
While no statistically significant differences were observed 
in immunoglobulin heavy chain depositions, C3 and kappa 
light chain deposits were predominantly found in MGRS-
NA (p = 0.013 and p = 0.04, respectively). Conversely, the 
MGRS-A group exhibited an almost exclusive deposition 
of lambda light chains, a finding that was statistically sig-
nificant (p = 0.045).

A more detailed description of the specific histological 
diagnoses, lesions, and immune/amyloid deposits is avail-
able in the supplementary materials (Supplementary Table 1 
for MGRS-NA and Supplementary Table 2 for MGRS-A).

MGRS treatment strategies and side effects

All patients were treated with clone-directed therapies 
as first-line treatments. Bortezomib-based regimens were 

Table 1   Patients’ characteristics

Bold value indicates statistically significant results
MGRS Monoclonal Gammopathy of Renal Significance, NA Non-Amyloidosis, A Amyloidosis, ECOG Eastern Cooperative Oncology Group 
performance status, ISS International Staging System, FLC Free Light Chain, ISS International Staging System, LDH Lactate Dehydrogenase, 
CRP C-reactive protein, sCr serum Creatinine, eGFR estimated Glomerular Filtration Rate. *Shapiro test, ** Kolmogorov Smirnov test

Variable All cohort MGRS-NA MGRS-A p-value NA vs A

N (%) 34 19 (56%) 15 (44%)
Age at diagnosis (years) 61.2 (31–84) 61 (31–84) 61.75 (61–80) 0.30**
Sex (M;F) 22;12 13;6 10;5 1.00*
Performance status
Charlson Comorbidity (≤ 3; > 3) 12;22 7;12 4;11 1.00*
ECOG 0/1/2/3 10/14/8/2 5/10/4/0 5/5/4/1 0.69*
Dialysis (%) 10 (29.4) 7 (36.8) 3 (20) 0.28*
Monoclonal protein subtype
IgG (%) 16 (47) 9 (47.3) 7 (46.6) 0.49*
IgA (%) 5 (14.7) 2 (15.5) 3 (20)
IgM (%) 8 (23.5) 6 (31.5) 2 (13.36)
Micromolecular (%) 5 (14.7) 2 (10.5) 3 (20)
k-light chain (%) 12 (35.2) 11 (57.9) 1 (6.6) 0.003*
λ-light chain (%) 22 (64.8) 8 (42.1) 14 (93.4)
Disease stage
ISS 1;2;3 10; 9; 15 2; 6;11 8;3;4 0.24*
Bone Marrow plasma cells (%) 4.78 (0–18) 1.89 (0–18) 22 (1–15)  < 0.0001**
Biochemical markers
sFLC k (mg/L) 82.19 (9.3–518) 117 (10.4–518) 37.7 (9.3–106) 0.01**
sFLC λ (mg/L) 125.85 (11.1–844) 74.2 (14.9–200) 191 (11.1–844) 0.14**
sFLC k/ λ ratio 1.26 (0.01–8.2) 1.89 (0.55–8.2) 0.474 (0.01–2.02)  < 0.001**
β2 microglobulin (mg/L) 5.8 (1.6–18.1) 6.49 (1.6–12.2) 5.12 (1.8–18.1) 0.04**
Monoclonal protein (g/L) 4.85 (0–33.5) 3.52 (0–17.4) 6.54 (0–33.5) 0.59**
LDH (U/L) 234 (153–493) 252 (153–493) 212 (158–319) 0.04**
Hemoglobin (g/dl) 11.1 (7.8–15.7) 10.3 (7.8–13.3) 12.3 (8.8–15.7) 0.02**
Albumin (g/dl) 3 (1.12–4.29) 3.04 (1.12–4.14) 2.95 (1.7–4.3) 0.43**
CRP (mg/dl) 19.75 (0- 121) 21,24 (0–79.3) 17.6 (0–121) 0.30**
sCr (mg/dl) 2.49 (0.6–7.8) 3.16 (0.7–7.88) 1.64 (0.6–4.7) 0.01**
eGFR (ml/min) 44.6 (5–110) 33 (5–95) 59.3 (11–110) 0.04**
Proteinuria 24 h (g/24 h) 3.96 (0.11–10) 3.56 (0.11–10) 4.49 (0.36–8.8) 0.30**
Pavia renal staging
 Stage 1 (%) 10 (29.4) 3 (15.7) 7 (46.6) 0.19*
 Stage 2 (%) 16 (47) 11 (58.8) 5 (33.3)
 Stage 3 (%) 8 (23.6) 5 (26.3) 3 (20)
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administered to 47% of the MGRS-NA group and 60% of 
the MGRS-A group, including VCD (Bortezomib, Cyclo-
phosphamide, and Dexamethasone), VD (Bortezomib and 
Dexamethasone), and VMD/VMP (Bortezomib, Melpha-
lan, and Dexamethasone/Prednisone). Rituximab-based 
regimens, alone or with Bendamustine, were used for 37% 
of the MGRS-NA group, while no patients in the MGRS-
A group received anti-CD20 therapies. A small subset of 
patients received the anti-CD38 antibody Daratumumab 
(e.g., Dara-VMP or Dara-VP) or other immunomodula-
tory drugs, such as mycophenolate with prednisone or 
cyclophosphamide (see Table 3 for details). Both groups 
had equal rates of autologous stem cell transplantation 
(ASCT). Only 29.5% required second-line therapies, 
with three progressing to third-line treatments due to 
inadequate responses. Bortezomib-based regimens were 
preferred in MGRS-A, while Rituximab-based therapies 
were more common in MGRS-NA (p = 0.002). Toxic-
ity analyses revealed anemia as the most frequent side 
effect (71%), particularly in MGRS-NA (47% vs. 24%), 
likely due to more intensive regimens. Other side effects 
included thrombocytopenia (21%), neutropenia (15%), 
infections (18%), cardiovascular complications (18%), 
and neuropathy (15%). These findings suggest a manage-
able safety profile, though careful monitoring was essen-
tial, especially for ASCT patients (see Table 4).

In summary, the toxicity analyses reflect the complex-
ity of therapeutic options available for these patients, 
emphasizing the need for meticulous management, espe-
cially for those receiving more intensive treatments.

Clinical outcomes

After a mean follow-up period of 33 months, 9 patients 
(28.1%) died, with mortality rates similar across both 

Table 2   Renal histology

Bold value indicates statistically significant results
MGRS Monoclonal Gammopathy of Renal Significance, NA Non-Amyloidosis, A Amyloidosis, IF Immunofluorescence. *Fisher test

Kidney biopsy n (%) All cases (N = 29) MGRS-NA (N = 17) MGRS-A (N = 12) p-value NA vs A*

Optical microscopy
 Glomerular involvement 24 (82.7) 14 (82.3) 10 (83.3) 0.94
 Tubular involvement 15 (51.7) 6 (35.3) 9 (75) 0.03
 Vascular involvement 10 (34.5) 2 (11.8) 8 (66.7) 0.002

IF (prevalent, +  + / +  + +)
Heavy chains
 IgA 2 (6.9) 2 (11.8) 0 (0) 0.2
 IgG 11 (37.9) 9 (52.9) 5 (41.6) 0.7
 IgM 5 (17.24) 4 (23.5) 1 (8.3) 0.29

Light chains
 κ 7 (26.9) 6 (42.8) 1 (8.3) 0.04
 λ 14 (53.8) 5 (35.7) 9 (75) 0.04

C3 10 (34.5) 9 (52.9) 1 (8.3) 0.01

Table 3   Types of treatments

MGRS Monoclonal Gammopathy of Renal Significance, NA Non-
Amyloidosis, A Amyloidosis, LOT Lines of Treatments, ASCT Autol-
ogous Stem Cells Transplantation. *Fisher test

First LOT (n, %) All cohort MGRS-NA MGRS-A p-value 
NA vs 
A *

 Bortezomib-based 18 (52.9) 9 (47.3) 9 (60) 0.002
 Rituximab-based 7 (20.5) 7 (36.8) 0 (0)
 Daratumumab-

based
5 (14.7) 0 (0) 5 (33.3)

 Other 3 (8.8) 3 (15.7) 1 (8)
 ASCT 6 (17.6) 3 (15.7) 3 (20) 1

Second LOT
 Bortezomib-based 2 (5.8) 1 (5.2) 1 (6.6)
 Rituximab-based 4 (11.7) 1(5.2) 3 (20)
 Daratumumab-

based
1 (2.9) 0 (0) 1 (6.6)

 Other 4 (11.7) 2 (10.5) 1 (6.6)
 None 24 (70.5) 13 (68.4) 11 (73.3)

More advanced LOT
 Bortezomib-based 0 (0) 0 (0) 0 (0)
 Rituximab-based 0 (0) 0 (0) 0 (0)
 Daratumumab-

based
2 (5.8) 1 (5.2) 1 (6.6)

 Other 1 (2.9) 0 (0) 1 (6.6)
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groups. However, patients diagnosed with MGRS-A expe-
rienced a significantly shorter interval from disease onset 
to death compared to those in the MGRS-NA group (206 
vs. 728 days, p = 0.07), suggesting a more rapid disease 
course in the amyloid group. No significant differences 
were observed in OS, PFS, or time to next treatment 
(TNT), as shown by Kaplan–Meier analyses (Table 5 and 
Fig. 1). Following first-line treatment, 21 patients (61.7%) 
achieved a renal response, with no differences between 
groups regarding sCr, eGFR, or proteinuria trends. These 
findings indicate a comparable renal response after treat-
ment regardless of the specific type of renal damage. 
In terms of hematologic responses across the cohort, 8 
patients (23.5%) achieved a complete response (CR), 6 

(17.6%) attained a very good partial response (VGPR), 
9 (26.4%) achieved a partial response (PR), 7 (20.5%) 
had stable disease (SD), and 1 patient (2.9%) experienced 
disease progression (PD). Importantly, although hemato-
logic response rates did not differ significantly between 
the two groups, the CR rate was higher in the MGRS-NA 
group (26.3% vs. 20%). Consequently, the entire cohort 
was screened to identify parameters significantly associ-
ated with mortality (Fig. 2). A multiple univariate Cox-
PH analysis focusing on blood parameters at diagnosis 
revealed that hemoglobin level was the only parameter 
associated with improved OS in our cohort. By contrast, 
increasing levels of LDH, beta-2 microglobulin, and 
C-reactive protein (CRP) were significantly associated 

Table 4   Drug-associated 
toxicities

MGRS Monoclonal Gammopathy of Renal Significance, NA Non-Amyloidosis, A Amyloidosis, CV Cardio-
Vascular *Fisher test

Adverse Events (n, %) All cohort MGRS-NA MGRS-A p-value NA vs A*

Anemia 24 (71) 16 (47) 8 (24) 0.29
Thrombocytopenia 7 (21) 5 (15) 2 (6)
Neutropenia 5 (15) 3 (9) 2 (6)
Infections 6 (18) 3 (9) 3 (9)
Adverse CV events 6 (18) 2 (6) 3 (9)
Neuropathy 5 (15) 1 (3) 5 (15)

Table 5   Clinical outcomes and 
Responses

MGRS Monoclonal Gammopathy of Renal Significance, NA Non-Amyloidosis, A Amyloidosis, OS Overall 
Survival, PFS Progression Free Survival, TNT Time to Next Treatment, CR Complete Response, VGPR 
Very Good Partial Response, PR Partial Response, SD Stable Disease, PD Progressive Disease. * Kol-
mogorov Smirnov test, ** Fisher test

Event, n (%) All cohort MGRS-NA MGRS-A p-value NA vs A

Death, n (%) 9 (28.1) 6 (31.6) 3 (20)
Disease onset – death 

interval, days (range)
516 (174–890) 728 (275–1243) 206 (103–516) 0.07*

OS, n (%) 9 (28.1) 6 (31.6) 3 (20)
Mean, days (range) 825 (103–2039) 1101 (320–2039) 271 (103–505) 0.1*
PFS, n (%) 17 (50) 11 (58) 6 (40)
Mean, days (range) 820 (41–3152) 667 (41–1588) 1101 (92–3152) 0.65*
TNT, n (%) 10 (6) 6 (32) 4 (27)
Mean, days (range) 768 (162–1721) 682 (162–1349) 896 (282–1721) 0.55*
Renal responses
 Yes 21 (61.7) 13 (68.4) 8 (53.3) 0.47**
 No 11 (32.3) 5 (26.3) 6 (40)
 Missing (no data) 2 (5.8) 1 (5.2) 1 (6.6)

Hematological responses
 CR 8 (23.5) 5 (26.3) 3 (20) 0.09**
 VGPR 6 (17.6) 1 (5.2) 5 (33.3)
 PR 9 (26.4) 4 (21) 5 (33.3)
 SD 7 (20.5) 6 (31.5) 1 (6.6)
 PD 1 (2.9) 1 (5.2) 0 (0)
 Missing 3 (8.8) 2 (10.5) 1 (6.6)
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with poorer clinical outcomes. Similarly, the ECOG 
performance status at diagnosis showed a notable sig-
nificant correlation, indicating that poor functional sta-
tus also negatively impacts patient’s prognosis. Overall, 

these findings highlight that baseline clinical and labora-
tory parameters significantly influence the prognosis of 
MGRS patients, underscoring their potential as innovative 
disease biomarkers.  

Fig. 1   Comparisons between MGRS-NA and MGRS-A groups in 
term of prognosis. Kaplan-Meyer curves of the overall survival 
A, progression-free survival B and time to next treatment   C prob-
ability among MGRS-NA (blue line) or MGRS-A (red line) groups. 

Log-rank test is used to compute the p-value (Log-Rank test). MGRS 
(Monoclonal Gammopathy of Renal Significance), A (Amyloidosis), 
NA (Non-Amyloidosis)

Fig. 2   Baseline clinical and laboratory parameters and mortality risk 
in MGRS patients. Forest plot based on Cox proportional Hazard 
analysis of the indicated variables for OS in our cohort. The hazard 
ratios (squares) are displayed with their corresponding confidence 
intervals (bars) and the p-values (after post hoc correction). Signifi-
cance levels are clearly indicated by both the number and color (red 
and blue indicating statistically significant or not, respectively). The 

original p-value is shown next to each analyzed parameter. Abbrevia-
tions:  OS (Overall Survival), stadPV (Pavia Renal Staging), prot_U 
(proteinuria), CRP (C-reactive protein), pcPCmid (Medullary Plasma 
Cell), LDH (Lactate Dehydrogenase), ISS (International Staging 
System), Hb (Hemoglobin), ECOG (Eastern Cooperative Oncology 
Group performance status), beta2m (β2 microglobulin)
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Discussion

MGRS represents a novel entity observed among kidney 
disease patients, particularly those presenting with sub-
stantial proteinuria. Importantly, it is not a single disease 
but a spectrum of conditions, each characterized by spe-
cific pathogenetic mechanisms, clinical presentations, 
and histological features. This heterogeneity significantly 
influences the clinical progression and prognosis of the 
disease. In this study, we explored differences among 
MGRS patients, focusing on the presence or absence of 
amyloid deposits in renal tissue. While systemic amyloi-
dosis AL is associated with poor prognosis, especially in 
cases with cardiac involvement, the outcomes of kidney-
restricted amyloidosis remain undefined. Our findings 
in MGRS-A patients align with existing data, showing a 
higher prevalence of clonal plasma cells producing lambda 
light chains compared to those producing kappa chains 
or full immunoglobulins/heavy chains [1]. Histologically, 
we observed extensive renal compartment involvement 
in MGRS-A patients, with light chain deposits affecting 
glomeruli, blood vessels, and interstitial regions, as pre-
viously reported [19]. In contrast, MGRS-NA patients 
exhibited IgG deposits in glomeruli and mesangial areas, 
consistent with findings described by Bridoux et al. [20] 
Interestingly, despite the distinct kidney involvement 
observed in MGRS-A and MGRS-NA patients, no signifi-
cant differences were found in proteinuria levels between 
the groups. However, we noted higher creatinine and lower 
eGFR levels in MGRS-NA patients, consistent with poorer 
renal outcomes reported in previous studies [14]. All 
patients in our cohort were treated following current inter-
national guidelines. Specifically, the presence of IgM mon-
oclonal proteins led to the use of Rituximab-based regi-
mens due to their effectiveness in targeting IgM-producing 
B-cells [4, 5]. Patients with clonal plasma cells producing 
other paraproteins were treated with Bortezomib-based 
regimens, given their efficacy in plasma cell dyscrasias. 
These findings underscore the importance of accurate his-
topathological characterization in MGRS for selecting the 
most appropriate therapeutic options. Tailored treatment 
approaches not only improve clinical outcomes but also 
help preserve renal function over time. Despite distinct 
clinical and histological profiles in our cohort, overall out-
comes were comparable between the groups. Similarly, 
Mancuso et al., recently reported comparable survival out-
comes for patients with AL amyloidosis and other MGRS 
in a larger nationwide cohort, despite differences in clini-
cal presentation [21]. Although the small sample size may 
have introduced some bias, our analysis reinforces pre-
vious findings, supporting the notion that kidney-limited 
amyloidosis does not independently worsen prognosis in 

MGRS patients, unlike systemic forms, which are consist-
ently linked to poor outcomes. To further investigate fac-
tors influencing prognosis, we expanded our analysis to the 
entire cohort, combining MGRS-A and MGRS-NA. We 
found that overall survival was influenced by inflammatory 
status (measured by CRP), hematologic disease burden 
(assessed by lactate dehydrogenase and hemoglobin lev-
els), and ECOG performance status (a functional measure 
of patient frailty) at diagnosis. These findings emphasize 
the importance of a comprehensive assessment beyond 
hematologic parameters to evaluate risk and select the 
most suitable therapeutic approach. An accurate defini-
tion of each MGRS subtype, particularly distinguishing 
localized from systemic forms, appears essential to deter-
mine mortality risk profiles and guide personalized clini-
cal management.

While our study provides valuable insights, its limi-
tations stem from its retrospective design and relatively 
small sample size. Additionally, the high heterogeneity of 
histological patterns in MGRS-NA patients and the sub-
stantial lack of the ultrastructural analysis further con-
strain our ability to establish definitive causal relationships 
between clinical, histological, and laboratory parameters 
and the observed outcomes.

Additionally, the small number of events precluded 
more extensive statistical analyses, such as multivari-
ate analysis. Extending the follow-up period could allow 
for a more detailed assessment of long-term outcomes 
across histological subgroups and therapeutic regimens. 
Advances in diagnostic techniques, including radiomics 
and DNA-based methods such as cell-free DNA analysis, 
could enable earlier detection and better characterization 
of MGRS, facilitating the design of prospective trials with 
larger cohorts to validate our findings [22–24]. Further-
more, the impact of novel tailored therapies, including 
anti-CD38 and anti-BCMA strategies, warrants evalua-
tion to fully understand the effects of clone-directed thera-
pies on MGRS outcomes [25]. Investigating immune cell 
compartments may also reveal potential roles for T-cell 
redirecting agents, such as CAR-T cells and bispecific 
antibodies, which have already transformed the treatment 
landscape for various hematologic malignancies [26]. 
Given the significant impact of kidney injury, a compre-
hensive management approach that combines supportive 
care with targeted treatments is essential for improving 
outcomes. To further enhance care, continued research is 
needed to refine diagnosis, identify prognostic factors, and 
develop standardized guidelines for the early recognition 
and management of MGRS, with a collaborative effort cru-
cial advancing future studies.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10238-​025-​01646-7.

https://doi.org/10.1007/s10238-025-01646-7


Clinical and Experimental Medicine          (2025) 25:118 	 Page 9 of 10    118 

Acknowledgements  This work was supported in part by the Associazi-
one Italiana per la Ricerca sul Cancro (AIRC, IG #23438, to M.C.), 
International Myeloma Society (IMS) and Paula and Rodger Riney 
Foundation Translational Research Award 2023.

Author contribution  Concept and design: PE, MCea. Acquisition, 
analysis, or interpretation of data: AC, EV, LM, FC, ER, MC. Drafting 
of the manuscript: DS, PE, MCea. Critical revision of the manuscript: 
FV, RML. All the authors give their agreement for all aspects of the 
work and ensure the accuracy and integrity of any part of the work.

Funding  Open access funding provided by Università degli Studi di 
Genova within the CRUI-CARE Agreement. The authors have not dis-
closed any funding.

Data availability  The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Declarations 

Conflicts of interest  No conflicts of interest to disclose.

Ethical approval statement  The study was conducted under all national 
and international ethical and legal recommendations, following 
approval by the local Ethics Review Committee, in accordance with 
the declaration of Helsinki. (Comitato Etico Territoriale, CER- Liguria: 
515/2020). Informed consent was obtained from all participants prior 
to their inclusion in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Derman B, Castillo JJ, Sarosiek S, Beksac M. When a monoclonal 
gammopathy is not multiple myeloma. Am Soc Clin Oncol Educ 
Book Am Soc Clin Oncol Annu Meet. 2022;2:1–10.

	 2.	 Leung N, Bridoux F, Nasr SH. Monoclonal gammopathy of renal 
significance. N Engl J Med. 2021;384(20):1931–41.

	 3.	 Kyle RA, Durie BGM, Rajkumar SV, Landgren O, Blade J, 
Merlini G, et  al. Monoclonal gammopathy of undetermined 
significance (MGUS) and smoldering (asymptomatic) multiple 
myeloma: IMWG consensus perspectives risk factors for progres-
sion and guidelines for monitoring and management. Leukemia. 
2010;24(6):1121–7.

	 4.	 Leung N, Bridoux F, Batuman V, Chaidos A, Cockwell P, D’Agati 
VD, et al. The evaluation of monoclonal gammopathy of renal 
significance: a consensus report of the International Kidney and 

Monoclonal Gammopathy Research Group. Nat Rev Nephrol. 
2019;15(1):45–59.

	 5.	 Amaador K, Peeters H, Minnema MC, Nguyen TQ, Dendooven 
A, Vos JMI, et al. Monoclonal gammopathy of renal significance 
(MGRS) histopathologic classification, diagnostic workup, and 
therapeutic options. Neth J Med. 2019;77(7):243–54.

	 6.	 Steiner N, Göbel G, Suchecki P, Prokop W, Neuwirt H, Gunsil-
ius E. Monoclonal gammopathy of renal significance (MGRS) 
increases the risk for progression to multiple myeloma: an 
observational study of 2935 MGUS patients. Oncotarget. 
2018;9(2):2344–56.

	 7.	 Fermand J-P, Bridoux F, Dispenzieri A, Jaccard A, Kyle RA, 
Leung N, et al. Monoclonal gammopathy of clinical signifi-
cance: a novel concept with therapeutic implications. Blood. 
2018;132(14):1478–85.

	 8.	 Fermand J-P, Bridoux F, Kyle RA, Kastritis E, Weiss BM, Cook 
MA, et al. How I treat monoclonal gammopathy of renal signifi-
cance (MGRS). Blood. 2013;122(22):3583–90.

	 9.	 Chauvet S, Frémeaux-Bacchi V, Petitprez F, Karras A, Daniel 
L, Burtey S, et al. Treatment of B-cell disorder improves renal 
outcome of patients with monoclonal gammopathy-associated 
C3 glomerulopathy. Blood. 2017;129(11):1437–47.

	10.	 Gumber R, Cohen JB, Palmer MB, Kobrin SM, Vogl DT, Was-
serstein AG, et al. A clone-directed approach may improve 
diagnosis and treatment of proliferative glomerulonephri-
tis with monoclonal immunoglobulin deposits. Kidney Int. 
2018;94(1):199–205.

	11.	 Heilman RL, Velosa JA, Holley KE, Offord KP, Kyle RA. 
Long-term follow-up and response to chemotherapy in 
patients with light-chain deposition disease. Am J Kidney Dis. 
1992;20(1):34–41.

	12.	 Kumar S, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK, Colby 
C, et al. Revised prognostic staging system for light chain amyloi-
dosis incorporating cardiac biomarkers and serum free light chain 
measurements. J Clin Oncol. 2012;30(9):989–95.

	13.	 Merlini G. AL amyloidosis: from molecular mechanisms to 
targeted therapies. Hematol Am Soc Hematol Educ Program. 
2017;2017(1):1–12.

	14.	 Gozzetti A, Guarnieri A, Zamagni E, Zakharova E, Coriu D, 
Bittrich M, et al. Monoclonal gammopathy of renal significance 
(MGRS): real-world data on outcomes and prognostic factors. Am 
J Hematol. 2022;97(7):877–84.

	15.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feld-
man HI, et al. A new equation to estimate glomerular filtration 
rate. Ann Intern Med. 2009;150(9):604–12.

	16.	 Palladini G, Hegenbart U, Milani P, Kimmich C, Foli A, Ho 
AD, et al. A staging system for renal outcome and early mark-
ers of renal response to chemotherapy in AL amyloidosis. Blood. 
2014;124(15):2325–32.

	17.	 Kumar S, Paiva B, Anderson KC, Durie B, Landgren O, Moreau 
P, et al. International Myeloma Working Group consensus criteria 
for response and minimal residual disease assessment in multiple 
myeloma. Lancet Oncol. 2016;17(8):e328-46.

	18.	 Rajkumar SV. Multiple myeloma: 2022 update on diag-
nosis, risk stratification, and management. Am J Hematol. 
2022;97(8):1086–107.

	19.	 Eirin A, Irazabal MV, Gertz MA, Dispenzieri A, Lacy MQ, Kumar 
S, et al. Clinical features of patients with immunoglobulin light 
chain amyloidosis (AL) with vascular-limited deposition in the 
kidney. Nephrol, Dial, Transplant. 2012;27(3):1097–101.

	20.	 Bridoux F, Leung N, Hutchison CA, Touchard G, Sethi S, Fer-
mand J-P, et al. Diagnosis of monoclonal gammopathy of renal 
significance. Kidney Int. 2015;87(4):698–711.

	21.	 Mancuso K, Mina R, Rocchi S, Antonioli E, Petrucci MT, Fazio 
F, et al. Clinical presentation and long-term survival outcomes 
of patients with monoclonal gammopathy of renal significance 

http://creativecommons.org/licenses/by/4.0/


	 Clinical and Experimental Medicine          (2025) 25:118   118   Page 10 of 10

(MGRS): a multicenter retrospective study. Cancer Med. 
2024;13(22):e70266.

	22.	 Zhang X, Zhang Y, Zhang G, Qiu X, Tan W, Yin X, et al. Deep 
learning with radiomics for disease diagnosis and treatment: chal-
lenges and potential. Front Oncol. 2022;12:773840.

	23.	 Stanley KE, Jatsenko T, Tuveri S, Sudhakaran D, Lannoo L, 
Van Calsteren K, et al. Cell type signatures in cell-free DNA 
fragmentation profiles reveal disease biology. Nat Commun. 
2024;15(1):2220.

	24.	 Martello M, Solli V, Mazzocchetti G, Solimando AG, Bezzi 
D, Taurisano B, et al. High level of circulating cell-free tumor 
DNA at diagnosis correlates with disease spreading and defines 
multiple myeloma patients with poor prognosis. Blood Cancer J. 
2024;14(1):208.

	25.	 De Novellis D, Fontana R, Giudice V, Serio B, Selleri C. Inno-
vative anti-CD38 and anti-BCMA targeted therapies in multiple 
myeloma: mechanisms of action and resistance. Int J Mol Sci. 
2022;24(1):645.

	26.	 Tacchetti P, Talarico M, Barbato S, Pantani L, Mancuso K, Riz-
zello I, et al. Antibody-drug conjugates, bispecific antibodies and 
CAR-T cells therapy in multiple myeloma. Expert Rev Anticancer 
Ther. 2024;24(6):379–95.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Monoclonal gammopathy of renal significance (MGRS): retrospective monocentric analysis of clinical outcomes and treatment strategies
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Baseline characteristics of cohort
	Renal histology
	MGRS treatment strategies and side effects
	Clinical outcomes

	Discussion
	Acknowledgements 
	References


