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Multiple myeloma (MM) is a type of bone marrow cancer, a malignant proliferation of plama 
cells. The symptoms and signs of the disease are very divers. Fatigue and bone pain are the two, most 
common, symptoms at presentation. Anemia and kidney failure are complications of MM. Renal 
failure as acute kidney injury (AKI) or chronic kidney disease (CKD) is present in a high percentage 
of the patients with multiple myeloma. New insight in epidemiology, pathogenesis and clinical 
features of renal disease in multiple myeloma are review in this article. 
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INTRODUCTION 

Multiple myeloma is a malignant proliferation 
of plasma cells derived from a single clone. 
Malignant myeloma cells produce large quantities 
of abnormal immunoglobulin, monoclonal protein 
or M protein. Host response to the malignant tumor 
and its products it result in a number of symptoms 
and organs dysfunction. Renal involvement in MM 
patients is often the first sign of the disease or will 
appeared during the evolution of the malignancy.  

Kidney disease is an important and major 
predictor of overall prognosis of patients with 
multiple myeloma. In patients with tubule-
interstitial and glomerular LCDD, who received 
treatment, the prognosis is good, but in patients 
with AL amyloidosis, in whom amyloid deposition 
continues and progress to renal failure in most 
cases, the prognosis is worse.1, 2 

EPIDEMIOLOGY OF RENAL DISEASE  
IN THE MM PATIENT 

At the time of diagnosis, 20%–50% of patients 
with multiple myeloma prove to have kidney 
failure – AKI or CKD. Severe renal insufficiency 
(serum creatinine > from 2.0 to 2.5 mg/dL) is 
found in 15 to 20% of cases3, 5–8 (Table 1). 
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A retrospective study (from Jan 1974 – 2019) 
on 196 patients with multiple myeloma and renal 
impairment, showed that 70.4% of patients had 
renal involvement at the time of diagnosis of 
myeloma, with an average serum creatinine level 
of 686,42 umol/l and average renal survival of 4 
months, 66,83% progressing to ESRD9. Another 
retrospective study using a population based 
registry of 1038 patients with new MM onset, 
24,6% of them presented with renal impairment, of 
which 14,9 % required hemodialysis, and median 
survival time was 21 months in renal impaired 
patients vs not reached at 3 years for other patients 
(p<0.01). Excess mortality rates due to renal 
impairment were maximum in the first 6 months 
after diagnosis10. 

A vast number of newly diagnosed patients 
with MM have AKI at onset, but the prevalence 
remains unclear, depending on which definition is 
used: 30%, 20%, 15% at a serum creatinine level 
of 1.5, 2 or 2.3 mg/dl, respectively6, 11, 12. 

PATHOGENESIS  
AND CLINICAL FEATURES  

OF RENAL DISEASE IN THE MM PATIENT  

Multiple myeloma is one of the most common 
hematologic malignancies, which determines a very 
wide spectrum of renal lesions, encompassing nearly 
all nephropathologic entities. The pathogenesis chain 
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begins with the overproduction of an abnormal Ig 
fragment, usually light chains, by a proliferating 
plasma cell clone in the bone marrow, and they are 
released in exces in the blood stream. Normal light 
chains are filtered by the glomerulus and reabsorbed 
in the proximal tubule by the megalin-cubulin 
receptor system (endocitosis and metabolisation). 
However, when there is an excess of light chains, the 
megalin cubulin receptor’s capacity is overwhelmed, 
the fragments being released into the tubules. 

The broad spectrum of abnormal light chains 
determines the diversity of nephropathologic 
injury, leading to various clinical presentations: 
AKI, CKD, overt proteinuria, tubular dysfunction. 
Not all the mechanisms that lead to renal failure in 
multiple myeloma are Ig-dependent, such as 
hypercalcemia, sepsis, tumor lysis syndrome, 
medication toxicity. However, the most common 
Ig dependent kidney disease in MM are cast 
nephropathy, monoclonal immunoglobulin 
deposition disease and AL amyloidosis (Table 2). 

CAST NEPHROPATHY 

The excess light chains production (also called 
Bence-Jones proteins), overcomes the capacity of 
the proximal tubular cells to absorb and catabolize, 
so FLCs arrive in the distal tubule where they 
precipitate and form tubular casts with Tamm-
Horsfall protein, that lead to tubular obstruction. In 
this case, the clinical expression is acute kidney 
injury. Development of AKI is associated with 
poor 1-year survival and reduces the therapeutic 
options available to patients13. Early diagnosis and 
identifying the cause of AKI is essential for proper 

management and avoiding chronic kidney injury, 
which affects the patient quality of life and 
survival14.  

The obstruction by tubular casts triggers an 
inflammatory response, which leads to interstitial 
nephritis, followed by tubular atrophy and 
interstitial fibrosis. Atrophy and fibrosis are the 
pathologic basis of CKD in cast nephropathy13. 
Both lambda and kappa chains are involved (recent 
studies find no predominance3,6,12) and FLC>1g/dl 
are more likely to cause renal failure6, which may 
evolve to CKD stage 3–5, including ESRD.  

Factors that might contribute to myeloma cast 
nephropathy include the direct toxicity of Bence 
Jones proteins to tubular cells, protein complex 
formation in the distal nephron, tubular fluid pH, a 
reduction in RPF and GFR (dehydration, decreased 
urine flow), systemic electrolyte abnormalities, 
hypercalcemia, acidosis and loop diuretics15, 16. 

AL AMYLOIDOSIS 

Al amyloidosis is found in 30% of patients with 
MM17, and is the result of fibril formation, derived 
from Ig light chains or light chains fragments; these 
fibrils are made of polypeptide chains, which are 
perpendicular to the axis in a B-pleated sheet form. In 
the kidney, the fibrils deposit in the glomerulus and 
characteristically stain with Congo red, producing a 
green birefringence under polarized light. The MM 
patient with AL amyloidois has significant 
proteinuria (10–15 g/dL), 20% of patients have renal 
failure at the time of diagnosis and extrarenal 
involvement is frequent. The usual clinical outcome 
is CKD and ESRD. 

 
Table 1 

Frequency of kidney failure in MM patients 
20–40% of newly diagnosed patients with MM 
 

Alexanian et al, 1990; Blade et al, 1998; Kyle et al, 2003;  
Eleutherakis-Papaiakovou et al, 2007 
 

creatinine level > 2 mg/dL – 20% of MM patients at diagnosis 
 

Alexanian et al, 1990; Blade et al, 1998; Knudsen et al, 2000 
 

creatinine level > 1,5mg/dL – 30–50% of MM patients at 
diagnosis 
 

Knudsen et al, 2000 
 

eGFR < 50 mL/min/1,73 m2
  and creatinine level < 4 mg/dL 

most of the patients 
 

Torra et al, 1995 
 

severe renal failure and need for renal replacement therapy – 
10% of newly MM patients admitted in tertiary hospital 
 

Torra et al, 1995 
 

24,6% – renal insufficiency at diagnosis; 12,9% required 
hemodialysis  
 

Courant M, 2021 

renal failure developed later in the course of the disease – 25% Kastritis E and Dimopoulos M, 2016 
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Table 2 

Kidney disease in MM patients – pathogenesis and clinical features 

Myeloma cast nephropathy  
“ Myeloma kidney” 
 

Acute: The excess light chains 
production overcomes the capacity of the 
proximal tubular cells to endocytosis and 
catabolize and FLCs precipitates in the 
distal tubule where they form tubular 
cats with Tamm-Horsfall protein that 
lead to tubular obstruction 
 
Chronic: tubular atrophy and interstitial 
fibrosis  
 

AKI or recent onset of kidney failure 
Evolution to ESRD 
 
 
 
 
 
 
Evolution to CKD stage 3-5, including 
ESRD 
 

Amyloidosis 
 

Deposition of immunoglobulin in the 
form of amyloid fibrils al over the 
nephron; Red Congo positive 
 

Significant proteinuria, nephrotic range: 
10-15g/day 
Renal failure in 20% of the patients at 
diagnosis; evolution as CKD to ESRD 
Extra renal involvement frequent 
 

Light chain deposits disease (LCDD) Non-fibrilar light chain deposits; Red 
Congo negative; similar with mem-
branoproliferatine gn type 2 or diabetic 
lesion 
 

Nephrotic syndrome and rapidly im-
paired of renal function 
Extra renal involvement is less frequent 
than in amyloidosis 
 

Heavy chain deposition disease (HCDD) 
 

Heavy chain deposits in glomeruli and 
other structure 
 

Proteinuria, non-nephrotic or nephrotic 
range 
Renal failure, evolution as CKD 
 

Tubular dysfunction 
- Acquired Fanconi Syndrome 
 

Due to tubular toxicity of light chains; 
failure in the reabsorptive capacity of the 
proximal renal tubule 
 

Tubular proximal acidosis (Glycosuria, 
aminoaciduria, hypophosphatemia and 
hypouricaemia) 
Slowly progressive renal insufficiency 
Bone pain from osteoporosis 
 

 
MIDD 

 
Monoclonal IG deposition disease is a group of 

three disorders, named after the type of IG that 
determines them: LCDD – light chain deposition 
disease, HCDD – Heavy chain deposition disease and 
LHCDD – light and heavy chain deposition disease. 
MIDD accounts for a quarter of patients with MM as 
the cause of renal dysfunction. LCDD is the most 
common form. The deposits are non-fibrilar and red-
Congo negative. Clinical features include nephritic 
syndrome and decline of renal function. Extrarenal 
involvement is less frequent than in AL amyloidosis. 
Overt myeloma is found in only 20% of LCDD 
patients17. The diagnosis of MIDD usually precedes 
the MM diagnosis in 70% of cases18. 

It is important to mention that some of the kidney 
lesions found in MM may coexist and can be 
detected on the renal biopsy, having a prognostic 
value. Cast nephropathy is found in 21% of MIDD 
cases; less often, amyloid can be seen on a MIDD 
patient’s biopsy18–20. As in amyloidosis, extrarenal 
manifestations are frequent. 

FANCONI SYNDROME 
 

In multiple myeloma, FLCs can determine 
proximal tubular lesions. When they are 
reabsorbed in the proximal tubular cells, they 
undergo a homotypic polymerization within their 
endolysosomal system which leads to the 
formation of intracellular crystals, a pathologic 
characteristically feature for this syndrome. The 
FLCs are more often the kI subclass and the 
associated myeloma is usually low grade21. 
Clinical features reflect the impairment of 
proximal tubule function: type II tubular acidosis, 
glycosuria, phosphaturia and hypophosphatemia, 
aminoaciduria, hypouricemia. The decline in renal 
function is slowly progressive. 

DIAGNOSIS AND ASSESSMENT OF RENAL 
DISEASE IN THE MM PATIENT 

Renal impairment in the multiple myeloma 
patients must be evaluated in order to establish 
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wether the myeloma is the cause of the kidney 
disease, as the prognosis without treatment is grim. 
In a patient with AKI without established etiology, 
the nephrologist should always be alert for the 
diagnosis of MM. 

DIAGNOSIS OF MM 

Patients with MM present usually with 
hypercalcemia, anemia, renal failure and bone 
lesions (CRAB criteria). The active MM is 
preceded by an indolent phase called MGUS 
(monoclonal gamopathy of unknown significance). 
In MGUS, there is a monoclonal protein detected 
(&lt; 3g/dL) but there is no end organ damage22. 
The intermediate condition between MGUS and 
symptomatic MM is called smouldering or indolent 
myeloma.  

The initial symptoms are often non-specific, 
like weight loss, fatigue, malaise, bone pain. 
Anemia is very specific and it’s found in 75% of 
patients. As CKD often presents with non-specific 
symptoms and anemia, anemic patients with renal 
impairment should always be screened for 
paraprotein disease. 

Patients with MIDD or amyloidosis often have 
extrarenal involvement, thus having systemic 
symptoms at presentation such as heart failure, 
arrhythmias, gastro-intestinal bleeding, elevated 
alkaline phosphatase and periorbital purpura23. 

The International Myeloma Working Group 
consensus agreed to include validated biomarkers 
to the definition of MM, in addition to the CRAB 
criteria: Calcium: serum calcium >0.25 mmol/L 
(>1mg/dL) higher than the upper limit of normal 
or >2.75 mmol/L (>11 mg/dL); Renal insufficiency: 
creatinine clearance <40 mL per minute or serum 
creatinine >1.77 mol/L (>2 mg/dL); Anemia: 
hemoglobin value of >2 g/dL below the lowest 
limit of normal, or a hemoglobin value <10 g/dL; 
Bone lesions: osteolytic lesions on skeletal 
radiography, CT, or PET/CT. This update includes 
certain biomarkers, clonal bone marrow plasma 
cells greater than or equal to 60%, serum free light 
chain (FLC) ratio greater than or equal to 100 
provided involved FLC level is 100 mg/L or 
higher, or more than one focal lesion on MRI, 
which have been found to associate with the 
imminent development of CRAB features in 
patients with smouldering myeloma and aloud to 

diagnose myeloma in patients without CRAB 
features24 (Table 3). 

DETECTION OF THE MONOCLONAL IG 

The gold standard for diagnosis and detection 
of monoclonal Ig has been protein electrophoresis, 
but, unfortunately, it has very low sensitivity for 
free light chains and cannot differentiate 
monoclonal from polyclonal on regular basis2. The 
most recent test for monoclonal Ig detection is 
FLC immunoassay, which can detect monomers 
and dimmers of k and lambda chains at a 
concentration of less than 2–4 mg/L, with or 
without the concomitant presence of intact 
monoclonal Ig25. The FLC immunoassay does not 
detect clonality by itsown, but rather is suggesting 
it through abnormal values of k/l ratio. One of the 
advantages of FLC assay is its increased diagnostic 
sensitivity: a vast number of patients with AL, 
non-secretory myeloma or MIDD with no 
monoclonal ig detected in usual testing, will have 
abnormal k/lambda ratios2, 26, 27. However, the 
k/lambda ratio interpretation is altered in patients 
with CKD. In a retrospective analysis, including 
patients with no hematologic disease, patients with 
MM in complete remission and with active MM, 
all of the groups having patient with CKD, the 
influence of eGFR on the sFLC ratio interpretation 
is confirmed. There is a decreased specificity in 
advanced CKD stages, especially in patients with 
eGFR < 55 mL/min. Authors suggest a modified k/L 
optimal range (0.82–3.6) for eGFR < 55 ml/min28. 

DIAGNOSIS OF RENAL IMPAIRMENT 

The organ criterion for kidney damage as 
agreed by the International Myeloma Working 
Group (IMWG), is defined by a serum creatinine 
concentration (sCr) >  2 mg/dL or eGFR < 40 
mL/min. Patients with multiple myeloma can 
present with very fast deterioration of their renal 
function –acute kidney injury, most common in 
cast nephropathy and hypercalcemia, or with slow 
deterioration over time – chronic kidney disease. 
Some patients will have severe AKI at 
presentation, often fulminant and dialysis 
dependent. Hypercalcemia, dehydration, 
nephrotoxic agents, may contribute to the rapid 
decrease in renal function.29 
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Table 3 

Kidney disease in MM patients – pathogenesis 

Kidney failure related to: 
– Hypercalcemia 
– Hypervascozity 
– Hyperuricemia 
– Other risk factors for KF in MM 
patients: 
– nephrotoxic drugs (antibiotics, 
NSAIDs, contrast agents) 

Accelerated bone resorbtion 
High concentration of clonal Ig 
Tubular precipitation of uric acid 
due to tumoral lisis 
 

AKI 
 

Membranoproliferative GN 
 

 Crioglobulins deposition 
 

Pyelonephritis/ Sepsis 
 

 AKI 

Other comorbidities not related with 
MM, especially in older patients: AH, 
diabetes mellitus 
 

Hypertensive nephropathy 
Diabetic nephropathy 

Microalbuminuria to nephrotic syndrome; 
CKD 
 

 
Assessment and diagnosis of AKI in MM 

using eGFR was criticized because it is used for 
definition and staging of CKD, but not yet proven 
accurate for AKI. The RIFFLE criteria used for the 
staging of AKI have not yet been validated for 
MM patients. However, a 15 year retrospective 
study used the RIFFLE criteria to stage the severity 
of AKI, which predicted renal response and was 
associated with marginally better long-term 
outcome, concluding that RIFFLE criteria may 
have a role in early prevention and management of 
AKI.30 

Assessment and diagnosis of CKD in MM 
starting with definition of CKD, as abnormalities of 
kidney structure or function, present for 3 months, 
with implications for health: Albuminuria (AER ≥  
30 mg/24 hours; ACR ≥ 30 mg/g [≥ 3 mg/mmol]), 
urine sediment abnormalities, electrolyte and other 
abnormalities due to tubular disorders, abnormalities 
detected by kidney biopsy, structural abnormalities 
detected by imaging, history of kidney 
transplantation and/or GFR < 60 mL/min/1.73 m2 
(GFR categories G3a–G5)31 (Table 4). 

Accurate assessment of glomerular filtration 
rate in patients with multiple myeloma is very 
important for renal function evaluation, risk 
stratification, prognosis and drug dosing. The 
formula used for assessment of renal function and 
eGFR is important, since the value of serum 
creatinine alone can overestimate the renal 
function, especially in older patients with multiple 
comorbidities and low muscle mass. A large 
analysis on 1937 patients with symptomatic MM 
treated in centers of the Greek Myeloma study 
group evaluated the prognostic significance of 
renal function assessed by two different formulas: 
CKD-EPI and MDRD and found that eGFR 

calculated by the CKD-EPI formula changes the 
stage of CKD in about 9% of patients and has 
better prognostic value for survival and predicts 
early death more accurately than the MDRD 
formula32. The situation may differ for patients 
with MM who received ASCT treatment, as shown 
in a long term study which evaluated the impact of 
sCr and eGFR calculated by the MDRD formula 
on overall survival. They used a lower treshold 
than IMWG criteria (sCr > 1.4 mg/dL, eGFR <  
5 mL/min) and showed that even slightly increased 
sCr and decreased eGFR, which are not meeting 
the IMWG criteria, require effort to reverse even 
minimal renal impairment, taken into consideration 
the negative correlation between minimal renal 
insufficiency and long term outcome.29 

The CKD-EPI group suggested a higher 
accuracy of eGFR based on both sCr and Cystatine 
C (CKD-EPI-sCr-CysC) than other formulae such 
as MDRD. The Greek Myeloma Study Group 
made a prospective evaluation on renal function on 
newly diagnosed patients with symptomatic MM, 
using CKD-EPI-sCr-CysC and found that it reveals 
a higher number of patients with renal impairment. 
The CysC formula also predicted survival 
independently33 (Table 5). 

NGAL (neutrophil gelatinase-associated 
lipocalin) is a relatively recent discovered 
biomarker of kidney damage. A series of 199 
patients with MM were studied with results 
indicating that plasma NGAL is a sensitive 
biomarker, levels correlated significantly with 
renal damage degree as defined by KDIGO, and 
with the sCr, CysC concentration and eGFR. 
NGAL also proved to be a possible marker to 
reflect tumor burden in patients with MM34. 
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The assessment of the amount and type of 
proteinuria in the 24-hour urine collection is 
essential in the evaluation process of the MM 
patient with kidney disease. Urine dipsticks detect 
albumin only and are unreliable. In cast 
nephropathy (no glomerular lesion), FLCs (Bence-
Jones proteins) will predominate in the urine. 
Urine immune electrophoresis will show a large 
spike in the gamma-region and urine immuno-
fixation will show free kappa or lambda light 
chains. The 24-hour urine proteins will be less than 
25% albumin. When it comes to glomerular lesions 
(amyloidosis, LCDD or other preexisting renal 
diseases: diabetic nephropathy, hypertensive 
nephropathy), 24-hour urine analysis will show 
non-selective proteinuria with predomination of 
albumin. 

Kidney biopsy is essential in MM patients with 
nephrotic syndrome or non-nephrotic non-selective 
proteinuria, with or without renal failure, with low 
FLCs serum levels, without overt myeloma or with 
pre-existing renal dysfunction. In this case, renal 
biopsy is necessary to prove associated systemic 
amyloidosis or LCDD (glomerular lesion), or 
unrelated glomerulopathy or glomerular lesions 
associated with other pre-existing disease (diabetic 
nephropathy or hypertensive nephropathy in elder 
patients)35. However, MM patient with light chains 
proteinuria, with or without renal failure, with 
small amount of albumin and mainly light chains, 
> 200mg/day and serum FLCs > 500mg/L, renal 
biopsy could not be necessary as the cause of renal 
impairment may be atributed to cast nephropathy 
(tubular lesions)36. 

CONCLUSIONS 

Kidney disease is a major complication in 
patients with MM. Knowledge of epidemiology, 
better understanding in pathogenesis and clinical 
features of renal disease in MM patients and 
collaboration between multiple specializations as 
hematology, nephrology, lab medicine goes to a 
better diagnosis and management of these patients. 
A large variety of clinical features of renal disease 
as impairment of renal disease, acutely due to cast 
nephropathy or chronically due to AL amiloidosis, 
proteinuria as nephritic syndrome in MIDD or 
Fanconi syndrome is present in MM patients. 
Diagnosis of renal disease in MM patients must 
include diagnosis of MM, detection of monoclonal 
Ig and diagnosis of renal impairment. AKI, using 

RIFLE criteria and CKD, using CKD EPI sCr or 
better sCr – CysC formula must be provided as 
diagnosis of renal impairment. Kidney biopsy 
remain “gold standard” diagnosis in MM patients 
with nephrotic syndrome or non-nephrotic, non-
selective proteinuria, with or without renal 
insufficiency, with low FLCs serum levels, without 
overt myeloma or with pre-existing renal 
dysfunction due to other condition (arterial 
hypertension, diabetes mellitus or other 
glomerulopathy, non-related with MM. 
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