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Abstract

Background: This study aimed to describe the baseline renal, his-
topathological and hematological characteristics and any clinical or
biochemical associations of patients with a first coded diagnosis of
multiple myeloma (MM). The incidence of renal replacement therapy
(RRT) and association with mortality were also investigated.

Methods: A retrospective case review was performed to identify 287
MM patients from two European centers. Statistical analyses were
performed using SPSS version 2.0 and SAS version 9.2.

Results: MM patients referred to renal centers were more likely to be
elderly and male. The most common form of renal impairment was
acute kidney injury (AKI). The most common paraprotein-associated
lesions were myeloma cast nephropathy (MCN, 51%), light chain
deposition disease (17%) and AL-amyloidosis (9.4%). MM with AKI
was found to be a more aggressive disease, being associated with
worse hematological features and increased risk of short-term death.
Of the AKI patients requiring RRT, 80% required it at presentation.
There was no increased risk of death in the RRT requiring vs. non-
RRT requiring cohort. Monoclonal gammopathy of undetermined sig-
nificance (MGUS) may predispose to renal damage and may increase
likelihood of AKI in context of MM.

Conclusion: MM-related renal failure is a medical emergency with
the need for rapid diagnosis and prompt supportive care, RRT and

MM-directed therapy.

Keywords: Multiple myeloma; Acute kidney injury; Myeloma com-
plications; Myeloma pathology

Introduction

Plasma cell dyscrasias are characterized by the clonal expan-
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sion of abnormal plasma cells. Disease severity ranges from
the “benign” monoclonal gammopathy of undetermined sig-
nificance (MGUS) to multiple myeloma (MM), and finally
plasma cell leukemia [1]. In addition to representing a spec-
trum of disease severity, it is likely that these different diagno-
ses are representative of different stages in the natural history
of plasma cell disease. MM is thought to be an evolution of
MGUS [2, 3], with approximately 1% of cases converting an-
nually [4].

MM is of greatest interest to nephrologists due to its fre-
quent associations with hypercalcemia and renal impairment
[5]. Renal damage is believed to be caused by serum free light
chains (FLCs), proteins that can cause direct tubular damage
[6-8]. Recognized patterns of tubulointerstitial injury in MM
include isolated proximal tubule epithelial cell cytotoxicity, tu-
bulointerstitial nephritis and cast nephropathy [9, 10]. Howev-
er, the pathogenesis of kidney injury in MM is not completely
defined, as although the risk of acute kidney injury (AKI) in
patients with MM is increased when FLC proteinuria reaches
> 500 mg/L [7], some patients never develop kidney disease,
despite high FLC urine concentrations.

AKI in MM: causes, clinical relevance and potential early
detecton

AKI is common in patients with MM. It constitutes an impor-
tant cause of morbidity and mortality leading to interruptions
in therapy, increased hospitalization stay and costs [11]. More
importantly, AKI confers a higher risk for earlier death in my-
elomatous patients [12]. A number of factors appear associated
with reversible acute tubular necrosis in patients with MM in-
cluding dehydration, hypercalcemia, nephrotoxic drugs, diu-
retics, contrast medium usage and infection [7]. Even a minor
reduction in kidney function is linked to adverse prognosis
[13].

Early detection and treatment of AKI is crucial in order
to improve patients’ outcomes [12]. For this reason, in 2012,
the Kidney Disease: Improving Global Outcomes (KDIGO)
AKI Guideline Work Group proposed a definition of AKI [14]
aimed for practice, research and public health use that could
help physicians detect AKI early, thereby helping to prevent
serious complications.

Renal failure in MM has been correlated with FLCs, high
serum lactate dehydrogenase (LDH), hypercalcemia, anemia,
multiple bone lesions, and extensive marrow plasmacytosis
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Table 1. Demographic, Renal and Hematological Features

NRI AKI P

Age 63.82 + 13.06 years 67.03 + 10.52 years 0.043
Male gender 53.1% 61% 0.230
CVE 16.7% 17.1% 0.942
Diabetes 13.4% 5.8% 0.205
Hypertension 36.4% 35.5% 0.896
AF 12.2% 12.5% 1.00
MGUS 11.7% 18.1% 0.170
Previous cancer 6.1% 6.6% 0.432
Sodium 138.4 + 3.8 mmol/L 137.0 = 4.7 mmol/L 0.01
Potassium 4.2 £ 0.4 mmol/L 4.4 + (0.7 mmol/L 0.002
Urea 6.1 + 2.6 mmol/L 20.5 + 13.8 mmol/L <0.001
eGFR 85.52 & 13.4 mL/min/1.73 m? 23.21 +21.3 mL/min/1.73 m? <0.001
Calcium 2.3 +£0.2 mmol/L 2.54 £ 0.4 mmol/L 0.006
Phosphate 1.08 =+ 0.4 mmol/L 1.61 £ 0.7 mmol/L <0.001
Albumin 38.7+6.2 g/L 34.6+7.7¢g/L <0.001
Proteinuria 04+0.6g/24h 1.86+ 1.8 g/24h <0.001
Plasma cells (%) 25.1+20.8 353+£26.5 0.01
IgA 43+11.9¢g/L 7.07 +14.3 g/L 0.67
IgM 0.4+0.4 g/L 1.6 8.3 g/L 0.14
FKLC 503.1 +1,523.7 mg/L 2,297.2 +4,822.9 mg/L 0.01
FLLC 494.2 +1,685.5 mg/L 1,464.3 +3,084.9 mg/L 0.04
KLR 36.1+115.6 385 +962.7 0.02
Paraprotein 22.8+14.7 g/L 24.7+19.5¢g/L 0.53
Hb 118.98 +£19.9 g/L 94.54 £ 17.5 g/L <0.001
WBC 6.5+2.7x 10°L 7.94+3.5x10%L 0.004
Platelets 239.5+ 81 x 10%/L 219.4+102.9 x 10°/L 0.14

CVE: cardiovascular event; AF: atrial fibrillation; MGUS: monoclonal gammopathy of unknown significance; eGFR: estimated
glomerular filtration rate; FKLC: free kappa light chain; FLLC: free lambda light chain; KLR: kappa lambda ratio; Hb: hemo-

globin; WBC: white blood cell.

[15]. Nevertheless, no previous literature has evaluated the
clinical and histopathological characteristics of patients pre-
senting with either AKI (diagnosed using current KDIGO
guidelines) as compared with normal renal function at the time
of the first myeloma diagnosis.

Aims

This study aims to describe 1) the baseline renal, hematologic
and histopathological characteristics of patients with a first
coded diagnosis of MM at two European renal centers; 2) clin-
ical and biochemical factors associated with presentation with
AKTI; and 3) incidence of renal replacement therapy (RRT) and
association with mortality.
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Materials and Methods

Study population and follow-up

A retrospective case review was performed to identify patients
from two European renal centers, Salford Royal NHS Founda-
tion Trust, Manchester, UK and San Raffacle Hospital, Milan,
Italy. All cases of newly diagnosed MM identified between
inception of electronic health records (January 2002 Salford,
January 2009 San Raffaele) and December 2012 were includ-
ed. Patients were defined as having MM where all three of the
following conditions were met: 1) > 10% monoclonal plasma
cells in bone marrow; 2) monoclonal protein identified in se-
rum and/or urine; 3) presence of one or more MM-related or-
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Table 2. Comparison Between the Two European Centers

UK group Italian group P
Age 66.7+ 11.5years 653 £14.3 years 0.092
Male gender  55% 56.5% 0.830
CVE 17.4% 25% 0.582
Diabetes 11.9% 26.7% 0.099
Hypertension ~ 37.2% 54.1 0.052%*
AF 9.2% 18.2% 0.320
MGUS 7% 42% 0.000*
Cancer 6.9% 20% 0.038*

CVE: cardiovascular events; AF: atrial fibrillation; MGUS: monoclonal
gammopathy of unknown significance.

gan dysfunction, including hypercalcemia, anemia, lytic bone
lesions, or kidney biopsy diagnosis of a paraprotein-associated
lesion (myeloma cast nephropathy (MCN), amyloidosis or
light chain deposition disease (LCDD)) [ 16].

Patients were followed until death or their most recent
clinical follow-up prior to December 2012.

Clinical data

Baseline demographic (age and gender), comorbidity (diabetes,
previous malignancy, macrovascular disease, and pre-existing re-
nal disease), and laboratory (estimated glomerular filtration rate
(eGFR), hemoglobin, proteinuria, and FLC) data were collected
from patients’ electronic medical records and direct contact with
referring physicians (Table 1). Pre-existing chronic kidney dis-
case (CKD) was defined as the presence of renal insufficiency
at the time of MM diagnosis (¢GFR < 60 mL/min/1.73 m?) in
association with one or more of the following: documentation of
previously impaired renal function during a period of at least 4
months, small kidneys at ultrasound scan, histological evidence
of major glomerular/tubular atrophy, and interstitial fibrosis.

The presence of AKI at the time of MM diagnosis was
defined and staged according to KDIGO guidelines, there be-
ing evidence of previously documented normal renal function
during a period of at least 4 months [14].

We used criteria based on eGFR measurements, proposed
by Dimopoulos et al, for the definition of the reversibility of
renal impairment [15].

Histology

Histological data were only available within the UK subgroup.
Records were reviewed to identify all patients in whom re-
nal biopsy had been performed, with detailed reports obtained
from local consultant histopathologists. Standard processing
of kidney biopsy specimens included light microscopy and
immunofluorescence. Electron microscopy was not performed
routinely. For light microscopy, all cases were stained with
hematoxylin and eosin, periodic acid-Schiff and Masson tri-
chrome. For immunofluorescence, 3-u stained cryostat sec-
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tions were stained with polyclonal fluorescein isothiocyanate-
conjugated antibodies to IgG, IgM, IgA, C3, Clq, k and A light
chains. Tubular atrophy and interstitial fibrosis were graded on
a semi-quantitative scale based on the estimated percentage of
renal cortex affected, and recorded as 0 (none), 1-25% (mild),
26-50% (moderate), or > 50% (severe).

Statistical analysis

Parametric continuous variables are expressed as mean +
standard deviation and non-parametric data as median (inter-
quartile range). Categorical variables are expressed as number
(percentage). Between group comparisons for continuous vari-
ables were made using ANOVA methodology appropriate to
the distribution with categorical variables compared using x>
test. Associations with RRT were assessed using logistic re-
gression. Survival analysis was performed using Cox propor-
tional hazards. Univariate analysis was performed on all base-
line parameters, and variables with a plausible relationship to
death and an alpha value of < 0.1 in univariate analysis entered
into a stepwise multivariate model. Survival curves were plot-
ted using Kaplan-Meier analysis. In all cases, time zero was
defined as date of diagnosis of MM. Unless otherwise stated,
statistical significance was defined as P < 0.05.

Analyses were performed using SPSS version 20.0 (SPSS
Inc, Chicago, IL) and SAS version 9.2 (SAS Institute, Cary,
NC) under license to the University of Manchester.

Results
Demographics

A total of 287 cases were identified (218 from UK and 69
from Italy), with clinical and follow-up data available for all
patients. The median observation period was 2.8 years (IQR
0.9 - 6.2) for the English cohort and 1.3 years (IQR 0.2 - 3.1)
for the Italian cohort. At time of diagnosis, mean age was 66.3
+ 12.2 years, with 36% of patients aged > 70 years. The study
cohort was almost entirely Caucasian and had a male prepon-
derance (55.4% vs. 44.6%). The majority of patients (81%)
were diagnosed with MM in a hematology unit or clinics, with
19% of patients diagnosed after admission to a renal unit for
investigation of renal impairment.

When comparing the demographics of the two cohorts,
there was a similar age and gender distribution, but the prev-
alence of comorbidities differed in the two groups. The Ital-
ian cohort had a higher prevalence of hypertension (54.2% vs.
37.2%, P = 0.052), previous history of cancer (20% vs. 6.9%,
P =0.038) and previous detection of MGUS (42% vs. 7%, P =
0.000). No differences were found with respect to diabetes, is-
chemic heart disease and atrial fibrillation prevalence (Table 2).

AKI vs. no renal impairment (NRI)

The AKI and NRI groups differed with respect to the mean age
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Table 3. Clinical and Laboratory Features According to the Renal Pathologic Diagnosis

MCN (51%) LCDD (17%) AL-amyloidosis (9.4%) P
Age 65 + 7.6 years 60 + 14.0 years 72 + 8.0 years 0.1
eGFR 9.1 + 4.4 mL/min/1.73 m? 25.4 +23.5 mL/min/1.73 m? 47.5 £ 39.4 mL/min/1.73 m? 0.001
Hb 89.7+11.8 g/L 102.2 +£24.1 g/L 131.7+13.8 g/L 0.001
PLT 179.1 £99.7 x 10%/L 289.2 +114.8 x 10%/L 210.7+£90.0 x 10°/L 0.038
TP 722+179 g/L 68.3+£13.0g/L 524+44¢/L 0.05
% PC 29.2+21.3 15+9.7 62+45 0.04

at presentation, with the AKI group being older than the NRI
(67.03 £10.52 vs. 63.82 + 13.06 years, P = 0.0438). No differ-
ence was found in terms of sex distribution, previous diagno-
sis of cardiovascular events, diabetes mellitus, hypertension,
atrial fibrillation, MGUS, or previous cancer (Table 1). The
subgroup of UK patients with MM-related AKI at presentation
showed a significantly higher prevalence of MGUS in their
past medical history than the NRI group (8.8% vs. 0.9%, P =
0.01). This finding was not replicated in the Italian cohort.

Renal and hematologic characteristics at baseline

At MM baseline presentation, 128 patients (44.6%) present-
ed with normal renal function (i.e., €GFR > 60 mL/min/1.73
m?). Renal impairment was present in 159 patients (55.4%),
of whom 40 (25%) had a known history of CKD but no AKI,
105 (66%) presented with AKI in the setting of previously
normal renal function, and 14 (9%) presented with AKI in the
setting of known CKD. For subsequent analyses, comparison
was made between patients presenting with AKI and patients
presenting with NRI.

As expected, at baseline the AKI group had a lower eGFR
(23.2£21.3 vs. 85.5 + 13.4 mL/min/1.73 m?, P < 0.001), higher
urea (20.5+13.8 vs. 6.1 £2.6 mmol/L, P<0.001) and higher po-
tassium (4.4 + 0.7 vs. 4.2 = 0.4 mmol/L, P=0.002) than the NRI
group (Table 1). Furthermore, the AKI cohort had higher serum
calcium (2.54 + 0.4 vs. 2.3 + 0.2 mmol/L, P = 0.006), phosphate
(1.6 £0.7 vs. 1.1 £ 0.4 mmol/L, P <0.001) and proteinuria (1.9
+ 1.8 vs. 0.4 £ 0.6 g/24 h, P < 0.001) than the NRI group. On
the contrary, AKI subjects presented with lower serum sodium
(137.0 £ 4.7 vs. 138.4 £ 3.8 mmol/L, P = 0.01) and albumin
(34.6 £7.7vs.38.7+6.2 g/L, P <0.001) concentrations.

At time of diagnosis, the AKI group had a higher «/A ratio
(385 +£962.7 vs. 36.1 £ 115.6, P =0.02), a higher white blood
cell count (7.9 3.5 vs. 6.5 £ 2.7 x 10%/L, P = 0.004), a higher
percentage of plasma cells in the bone marrow (35.3 + 26.5%
vs. 25.1 £ 20.8%, P = 0.01) and lower hemoglobin (94.54 +
17.5vs. 118.98 £ 19.9 g/L, P < 0.001).

Histopathology data

Renal biopsy was performed in 54 patients presenting with
AKI, representing 19% of the overall cohort and 51% of the
AKI cohort. The median age of the biopsied patients was 68.0
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(range 38 - 85) years, the mean eGFR was 16.9 £ 19.9 mL/
min/1.73 m? and 55% were male. Indications for kidney bi-
opsy were AKI in 36 (68%) patients, acute on CKD in eight
(15%) patients, chronic/progressive decrease in eGFR in six
(11.3%) patients, nephrotic proteinuria without a decrease in
eGFR in three (5.7%) patients.

Renal biopsy showed paraprotein-associated lesions in
77% of patients and non-paraprotein-associated lesions in 23%.
The most common paraprotein-associated lesions were MCN
(51%), LCDD (17%) and AL-amyloidosis (9.4%). The most
common non-paraprotein-associated lesions were chronic tu-
bulointerstitial nephritis (9.4%), acute tubular necrosis (3.8%),
and focal segmental glomerulosclerosis (3.8%). We found one
case of type 1 MM-associated cryoglobulinemic glomerulone-
phritis and one case in which diabetic glomerulosclerosis and
MCN co-existed. Although not statistically significant, 24 h
proteinuria was higher in amyloidosis patients than in MCD or
LCDD (4.6 +2.9vs.2.3£1.8vs. 2.6+ 2.1 g/24 h, respectively,
P = 0.08). The percentage of globally sclerotic glomeruli did
not significantly differ between MCN (8.6%), amyloidosis
(11.4%) and LCDD (17.8%) (P = 0.403).

Clinical and pathological correlation

Table 3 describes the patients’ clinical and laboratory features
according to the three most common paraprotein-related bi-
opsy findings (MCN, LCDD, and AL-amyloidosis). The age
(P = 0.1) and sex representation (P = 0.66) of the three sub-
groups was comparable. Patients with a diagnosis of MCN had
the lowest eGFR, hemoglobin and platelets. The total plasma
proteins and the percentage of plasma cells in the bone marrow
were higher in patients with MCN.

Biopsied patients with MCN were more likely to have
presented with AKI than the LCDD and AL-amyloid groups
(69.2% vs. 18% and 5.1%, respectively, P = 0.0001). The per-
centage of tubular atrophy and interstitial fibrosis did not sig-
nificantly differ between MCN, LCDD and AL-amyloidosis
(data not shown).

Outcomes
RRT requirement

During the study period, 113 patients (39.3%) reached end-
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Figure 1. Survival rate in the 41 patients with para-protein related biopsy findings according to the renal pathological diagnosis
(MCN, LCDD, and AL-amyloidosis). Y axis: cumulative survival; x-axis: length of follow-up in days. Group 0: AL-amyloid (blue);
group 1: MCN (green); group 2: LCDD (yellow). MCN: myeloma cast nephropathy; LCDD: light chain deposition disease.

stage kidney disease (ESKD, eGFR < 15 mL/min/1.73 m?).
RRT was initiated in 56 of these patients (49.6%). The main
indications for commencing RRT were anuria and fluid over-
load, severe electrolyte abnormalities, and uremic symptoms.
UK patients received RRT either in the form of hemodialysis
(70.4%) or peritoneal dialysis (29.6%), whereas Italian ure-
mic patients only received hemodialysis as acute peritoneal
dialysis was not an option. Of these patients, 88.5% belonged
to the AKI group, whereas 11.5% belonged to the NRI group
and needed RRT during the course of the disease. Of patients,
80% who required RRT needed it within 7 days from presen-
tation (with a mean for acute necessity of 4.3 + 5.8 days). In
univariate analysis, the variables associated with the need for
RRT in the UK cohort were previous MGUS (OR: 6, 95% CI:
1.4-26.1,P=0.017), lower levels of albumin (OR: 0.6, 95%
CI: 0.5 - 0.8, P =0.0001), lower levels of hemoglobin (OR:
0.7, 95% CI: 0.7 - 0.8, P < 0.001) and a higher white blood
cell count (OR: 2.6, 95% CI: 1.5 - 4.4, P = 0.0006). Another
associated factor with the requirement for RRT was the need
for a kidney biopsy (OR: 12.3, 95% CI: 5.1 - 9.6, P < 0.001).

Of'the 41 patients with paraprotein-related biopsy findings
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according to the renal pathological diagnosis (MCN, LCDD,
and AL-amyloidosis), there was no significant requirement for
RRT or difference in mortality in any particular cohort (Fig. 1).

These data were not replicated in the Italian patients as
only five of them received hemodialysis. The only variable as-
sociated with a recovery from RRT was a BM transplant (OR:
18.7,95% CI: 2 - 172, P=0.01). Thirty-nine patients received
a BM transplant, three of whom required two stem cell trans-
plants.

Overall survival

During the entire follow-up period, 73 patients (25.4%) died,
of whom 26 (36%) were in the AKI group. The most com-
mon causes of death (Table 4) were infection (76.9%), uremia
(8.2%, only in the conservatively managed group), bleeding
(4.1%), and myocardial infarction (4.1%).

Of the patients who reached ESKD, there was no statisti-
cally significant difference in the proportion of patients who
died in the RRT versus non-RRT group (39.5% vs. 21.1%, P
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Table 4. Most common causes of death in the entire population

Causes of death Patients (%)
Infection 56 (76.9%)
Uremia 6 (8.2%)
MOF 3 (4.1%)
Bleeding/DIC 3 (4.1%)

MI 3 (4.1%)
Malignancy 1 (1.3%)
Stroke 1(1.3%)

MOF: multi-organ failure; DIC: disseminated intravascular coagulation;
MI: myocardial infarction.

= 0.245); there was also no difference in the proportion of pa-
tients with infective death (93.8% vs. 86.7%, P =0.417).

In Cox analysis (Table 5) of the UK patients (backward
and forward regression), variables associated with an increased
risk for death were a higher percentage of plasma cells on BM
biopsy (HR: 1.06, 95% CI: 1.01 - 1.12, P=0.01), higher levels
of serum paraprotein (HR: 1.05, 95% CI: 1 - 1.11, P =0.037)
and lower levels of proteinuria (HR: 0.28, 95% CI: 0.09 - 0.93,
P = 0.037). The need for RRT did not associate with an in-
creased risk for death.

The 12-month mortality was higher in the AKI than in
NRI group (28% vs. 11%, P=0.0032; Fig. 2). We also found a
higher 12-month survival in all the patients receiving chemo-
therapy vs. the untreated (84% vs. 74%, P = 0.022; Fig. 3).

Table 5. Backwards and Forwards Cox’s Model for Death in
the UK Subgroup

HR P
Backwards Cox’s model
AF 5.17 (0.57 - 46.97) 0.144
Age 1.08 (0.98 - 1.19) 0.104
% Plasma cells 1.05 (1.01 - 1.09) 0.015
Proteinuria 0.36 (0.12 - 1.04) 0.059
Paraprotein 1.04 (1 - 1.09) 0.053
Forwards Cox’s model
AF 8.76 (0.73 - 104.77) 0.087
Age 1.1 (0.99 - 1.22) 0.069
% Plasma cells 1.06 (1.01 - 1.12) 0.01
Proteinuria 0.28 (0.09 - 0.93) 0.037
FKLC 1(1-1) 0.005
Paraprotein 1.05(1-1.11) 0.037

AF: atrial fibrillation; FKLC: free kappa light chain.

Discussion

The first goal of our study was to assess clinical and renal-

hematologic characteristics at the diagnosis of myeloma.
Historically, renal failure has been a common and serious

complication of MM. In the literature, the estimates of its in-
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Figure 2. The 12-month survival in NRI (no renal impairment) and AKI (acute kidney injury) in UK patients. Group 1 (blue): NRI
patients; group 2 (red): AKI patients. Y-axis: survival probability; x-axis: length of follow-up in months.
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Figure 3. The 12-month survival between chemotherapy treated vs. untreated UK patients. Red: chemotherapy treated; blue:
untreated cohort. Y-axis: survival probability; x-axis: length of follow-up in months.

cidence vary broadly, and depend upon the definition of renal
failure used in particular studies. In a cohort of 1,353 incident
cases of MM, Knudsen et al found that 31% of the patients had
renal failure (defined by a creatinine > 130 umol/L), but this
incidence increased to 46% if renal failure was defined accord-
ing to eGFR instead [12]. Further discrepancies derive from
how the myeloma was defined. Some diagnose “myeloma” as
patients with a full-blown disease, including osteolytic lesions.
Others extend this definition to a wider range of monoclonal
gammopathies even when the site of malignant cell prolifera-
tion has not been localized [17, 18].

The results of our case series showed that MM, as pre-
senting to these two renal centers, was more frequent in the
male and elderly population. Overall, renal impairment was
a relatively common finding in the course of the disease, and
was present in 55.4% of subjects. The most common form
of MM-related renal impairment at presentation was AKI
(36.6%) which we staged and defined according to the most
robust definitions of the disease. Our study highlighted that
MM with AKI represents a more aggressive disease, being
associated with worse hematologic and renal features, such
as lower hemoglobin, higher percentage of PC in bone mar-
row, higher «/A ratio, higher calcium and phosphate levels and
greater proteinuria. This is in line with what the scientific lit-
erature has reported thus far. In fact, patients with MM-related
renal failure tend to have larger tumor loads. This concurs with
the description of the International Scoring System for MM
that identified most patients with renal failure (creatinine > 2
mg/dL) to have stage 3 disease [19].

We wished to determine possible associations between the
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development of AKI and any previous clinical condition that
might have predisposed to it. A history of MGUS was signifi-
cantly associated with the presentation with AKI at the diagno-
sis of MM, but only in the UK group.

The seemingly higher frequency of known MGUS in the
Italian cohort is most likely explained by the fact that all sub-
jects were referred exclusively from a cancer department and
are likely to have been checked for MGUS development on
serum electrophoresis/immunofixation previously.

This finding is of particular interest, because Leung et al
recently proposed a novel and helpful term, monoclonal gam-
mopathy of renal significance (MGRS), indicating a causal
relationship between the monoclonal gammopathy and renal
damage [20]. They suggested that the term MGUS should be
limited to those cases where no connection to organ damage
can be demonstrated. Meanwhile, MGRS should be used when
the monoclonal protein is playing a direct role in the kidney
disease. MGRS-caused kidney diseases are the result of toxic
monoclonal protein produced by “dangerous” small B clones [
21]. These disorders do not require treatment from a “tumoral”
viewpoint, but treatment is often mandatory to prevent renal
deterioration. MGRS-related kidney injury could predispose to
the development of a more severe AKI in the context of other
pathologic injuries that frequently happen during the course
of MM (hypercalcemia, dehydration, and the use of NSAIDs).
Recovery of renal function is possible with adequate hemato-
logic response to chemotherapy.

The second objective of our study was to analyze the
spectrum of kidney biopsy findings in patients with MM. In
our case series, renal biopsy was performed only in 54 UK
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patients presenting with AKI, who represented 19% of the
overall cohort and 51% of the AKI cohort. The reasons for not
performing a renal biopsy were a change in the clinical man-
agement would be unlikely to occur, different local practice, or
because the patients were too unwell to undergo the procedure.
It is known that the pattern of renal parenchymal disease in
MM is determined by the particular characteristics of the im-
munoglobulin molecule or subunit [9]. However, we have not
analyzed this within this study. Future research in this field is
required to define an accurate renal phenotype, perhaps even
without the need for renal biopsy.

Similar to previous kidney biopsy and autopsy series [22,
23], MCN was the most common finding overall, seen in 51%
of patients undergoing biopsy. In our series, LCDD was more
common than AL-amyloidosis. In contrast, the kidney biopsy
incidence of AL-amyloidosis in the general population (i.e.,
with or without MM) is approximately three-fold higher than
LCDD [10]. Of course, not all cases of MCN, amyloidosis,
and LCDD are mutually exclusive, although we did not find a
coexistence of these diseases in our population.

In the small subset of patients with MM who developed a
nephrotic syndrome (5.7%), amyloidosis accounted for 70% of
cases, whereas LCDD, cryoglobulinemia, and focal segmental
glomerulosclerosis (FSGS) accounted for the remainder. The
pathologic findings in our study were less heterogeneous than
those reported in previous kidney biopsy series of MM [9].
This could be due to the small number of patients, different
ethnicity of the sample or different local practice in performing
kidney biopsy. Non-paraprotein-associated lesions were found
in 23% of patients in our study. These included lesions that
were related indirectly to MM: a case of FSGS secondary to
pamidronate therapy (a well-recognized association [24]), and
a case of acute interstitial nephritis due to lenalidomide.

In our cohort, the diagnosis of MCN was associated with
lowest eGFR, hemoglobin and platelets levels when compared
with the other two histological types. Also, the levels of total
protein and the BM percentage of plasma cells were higher in
patients with MCN.

There was a higher rate of renal functional recovery in
this group and this relationship merits further analysis in future
studies. Although the histological dataset was limited in num-
ber, there was no significant difference with regard to the need
for RRT in the three subgroups, and mortality was also similar,
a finding replicated by others [22].

The analysis of the requirement for a dialytic treatment
was another aim of this study. Historically, severely impaired
renal function and the need for dialysis were considered as
markers of poor prognosis [25]. This is no longer the case,
especially if adjustment is made for tumor burden [26]. In
our population at diagnosis, MM was associated with ESKD
(eGFR < 15 mL/min/1.73 m?) in 38% of subjects, and RRT
was needed by 23% of this group. Furthermore, MM-related
ESKD was often acute, and required RRT within a few days
(less than 7 days in 80% of the cohort) from its development. It
is important to underline that, in our cohort, RRT requirement
did not represent a cause for increased overall or infective
death (which is the leading cause of death in MM patients). Al-
though some studies have suggested that recovery from renal
function (hence avoidance of maintenance dialysis) is associ-
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ated with improved survival, these have included few patients,
and our opinion is that patients should promptly receive RRT
if indicated, as they may benefit from this therapy with a good
quality of life. Dialysis is now safer, more efficient and new
techniques have been developed [27].

Chemotherapy and RRT, especially high cut-off hemo-
dialysis (HCO-HDx), are currently the best treatment for pa-
tients with MM and ESKD [19]. We found that BM transplant
was the only factor that was associated with the recovery from
RRT. The reasons for this are complex and will include patient
fitness in terms of selection for BM transplant. Further stud-
ies are needed to establish the potential beneficial role of new
chemotherapy strategies, combined with the novel BM trans-
plant schemes, on renal functional outcome.

We recognize that this study is limited by its retrospective
design, which was necessary to collect a relevant number of
cases for analysis, as the incidence of MM-related renal disor-
ders is relatively uncommon. There were confounding factors
due to case mix, with potential spurious associations, and the
multiple statistical analyses were not preplanned and may have
led to false-positive results.

Conclusion

In summary, our study showed that 1) MM patients referred to
a renal center are more likely to be elderly and male; 2) when
renal impairment is present, the most common form at pres-
entation is AKI; 3) MGUS may predispose to renal damage
and may increase likelihood of AKI in the context of MM; 4)
kidney biopsy should be performed whenever indicated and
feasible as it establishes diagnosis, prognosis and the most
appropriate therapeutic strategies; 5) of the AKI patients who
require RRT, 80% need it at presentation; 6) the RRT treated
cohort does not have a higher risk of death than those not
requiring RRT; 7) MM with AKI represents a more aggres-
sive disease, being associated with worse hematologic fea-
tures and increased risk for short-term death; 8) MM-related
renal failure is a medical emergency with the need for rapid
diagnosis and prompt supportive care, RRT and MM-directed
therapy.
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