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ABSTRACT

Background. Acute kidney injury (AKI) in patients with multiple myeloma (MM) requiring renal replacement treatment
(RRT) is associated with high morbidity and mortality. Early reduction of serum free light chains (FLC) using both
targeted therapy against MM and intensive hemodialysis (IHD) may improve renal outcomes. We evaluated the
effectiveness of two different RRT techniques on renal recovery in an MM patient population: standard dialysis
procedure vs IHD with either polymethylmethacrylate (PMMA) or hemodiafiltration with endogenous reinfusion (HFR).
Methods. This was a multicentric retrospective study with severe AKI related to MM, between 2011 and 2018.
Twenty-five consecutive patients with AKI secondary to MM requiring RRT were included. Patients that underwent IHD
received six dialysis sessions per week during the first 14 days (PMMA vs HFR). All patients were diagnosed with de novo
MM or first relapsed MM. Primary outcome was renal recovery defined as dialysis-free at 6 months follow-up.

Results. A total of 25 patients were included. Seventeen patients received IHD and eight standard dialysis. All patients
were treated with targeted therapy, 84% bortezomib-based. Of the 25 patients included, 14 (56%) became dialysis
independent. We observed a higher proportion of patients who received IHD in the group who recovered kidney function
compared with those who remained in HD (92.9% vs 36.4%, P = .007). In our study, the use of IHD to remove FLC had a
statistically significant association with renal recovery compared with the standard dialysis group (P = .024).
Conclusion. Early reduction of FLC with IHD as an adjuvant treatment along with MM-targeted therapy may exert a
positive impact on renal recovery.

This is a retrospective multicenter study that evaluated the effectiveness of intensive haemodialysis (IHD) vs
standards dialysis on renal recovery in patients with acute kidney injury (AKI) associated with myeloma multiple
(MM). In this paper, we demonstrated that IHD for early light chain reduction was associated with a better renal
prognosis. Another finding is the importance of maintenance diuresis as a marker of good prognosis of renal
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function. To our knowledge few studies have been focused in the comparison between IHD vs standard dialysis in
MM patients with AKI. We consider that if we manage to recover the renal function, we achieve a great clinical
impact since the patient with chronic kidney disease and especially in hemodialysis, an increased risk of mortality as

well as poorer quality of life.
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sl Role of light chain clearance in the recovery of renal

function in multiple myeloma: another point of view

Acute kidney injury (AKI) in patients with multiple myeloma (MM) requiring renal replacement treatment (RRT) is associated with high
morbidity and mortality. Early reduction of serum free light chains (FLC) with adjuvant intensive hemodialysis (IHD) may improve
renal outcomes. We aim to evaluate the impact on kidney function of IHD (PMMA dialysis membranes or HFR) vs. standard dialysis.
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Conclusion: Early reduction of FLC with IHD as an adjuvant treatment along

with MM targeted therapy may exert a positive impact on renal recovery.
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INTRODUCTION

Multiple myeloma (MM) represents approximately 10% of all
hematologic neoplasms. Between 4% and 10% of patients with
MM require renal replacement treatment (RRT) at the moment
of diagnosis [1-3], and renal function recovery is associated with
a significant increase in patient’s overall survival [4]. Patients
who remained on dialysis had an increased risk of death (15%-
30%) within the first months from diagnosis [2, 3]. These patients
treated with classic chemotherapy had an overall survival less
than 12 months. With the use of proteasome inhibitor agents,
survival has been greatly increased, but life expectancy still re-
mains lower in patients with renal impairment at the moment
of diagnosis. Dimopoulos et al. studied the impact of bortezomib
treatment in 83 patients with severe kidney failure [estimated
glomerular filtration rate (eGFR) <30 mL/min/1.73 m?] and newly
diagnosed MM [3]. Fifteen of the 31 (48%) patients—all of whom
were on dialysis at diagnosis—became dialysis independent. In
addition, the study suggested that the use of bortezomib-based

triplets was associated with a higher probability of dialysis dis-
continuation [4, 5].

Between 20% and 50% of patients with MM have some degree
of renal impairment at diagnosis. Light-chain cast nephropathy,
also known as myeloma kidney, is the first cause of kidney in-
jury in MM patients and is characterized by tubular atrophy and
tubular-interstitial fibrosis [6]. The risk factors of severe acute
kidney injury (AKI) described include the type of light chain in-
volved and its serum levels, the time of MM evolution and the
use of loop diuretics (e.g. furosemide) [1, 7, 8]. Renal function re-
covery depends on the severity of AKI, the fibrosis degree in the
renal biopsy, the quantity of the deposit of light chains and how
quickly free light chains (FLC) are removed [1].

Previous studies have shown that a reduction higher than
50% in serum levels of light chains within the first 21 days af-
ter diagnosis of MM increases the probability of renal function
recovery [9-12]. Prompt initiation of targeted therapy against
MM seems to be the main factor which increases patient sur-
vival achieving renal function recovery rate between 30% and
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60% [1, 5, 13]. However, the persistence of light chains over
time increases the exposure and therefore worsens the re-
nal prognosis. Different depuration strategies to remove light
chains from the blood have been used with contradictory re-
sults [14]. Hutchinson tested different high permeability mem-
branes. HCO-1100 Theralite® (Gambro) was the most effective
one. However, polymethylmethacrylate’s (BK-F Toray PMMA) ef-
fectiveness has been reported at 88% and 73% for kappa and
lambda chains removal, respectively [10]. For hemodiafiltration
with endogenous reinfusion (HFR), there are reported removal
rates of 54% and 36.7% for kappa and lambda, respectively
[12]. The reduction of circulating light chains by IHD (intensive
hemodialysis) as a supportive treatment of early targeted ther-
apy in selected patients with AKI secondary to MM may improve
the renal outcome, with a positive impact in patient survival.
Thus, the aim of our study is to evaluate the impact of intensive
hemodialysis with PMMA and hemodiafiltration with endoge-
nous reinfusion (HFR) on renal survival in patients with severe
AKI due to MM.

MATERIALS AND METHODS

This is a retrospective, multicenter study of 25 consecutive pa-
tients that developed severe AKI requiring RRT secondary to
cast nephropathy from three Spanish University hospitals (Vall
d’Hebron University Hospital, HUVH; Hospital del Mar, HM; Hos-
pital 12 Octubre, HDO) between June 2011 and December 2018
(Supplementary data, Table S1). The diagnosis of AKI was based
on the Acute Kidney Injury Network (AKIN) classification and
dialysis was indicated as per protocol in each center. We de-
fined as probable light chain cast nephropathy when the follow-
ing conditions were met: patients had a diagnosis of MM, serum
FLC levels over 500 mg/L, urinary excretion of albumin inferior
to 30% [15] and AKI persistence after correction of reversible
factors (dehydration, nephrotoxic drugs or hypercalcemia). We
performed renal biopsy in patients with no contraindication
(n = 11/25, 44%) to confirm the diagnosis. Patients were diag-
nosed from a de novo MM or a first relapse.

The RRT used in these patients were based on either conven-
tional hemodialysis therapy or IHD, which was done with PMMA
or HFR according to the clinical protocol of each center. At HUVH,
HFR was used for kappa light chain whereas PMMA was used for
lambda light chain due to distinct molecular weights (22.5 kDa
and 45 kDa, respectively). At HM, all patients were treated with
HFR, whereas at HDO all patients received standard dialysis. In
all patients treated with IHD serum FLC levels were higher than
1000 mg/L. Renal outcomes were collected at 6 months’ follow
up.

This study was performed in accordance with the principles
of the Helsinki Declaration. The present study was approved by
Ethics Committee of Hospital Valle de Hebron [PR (AG) 02/2022].

IHD protocol

In all patients treated with IHD, 12 consecutive dialysis sessions
were performed divided in two cycles (six sessions each one)
with a 2-day break after the sixth session. Patients did two cycles
unless FLC fell below 1000 mg/L or the patient’s kidney function
recovered, defined as a permanent dialysis-independency with
an eGFR [Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI)] >10 mL/min/1.73 m?, in which case IHD was stopped
earlier. Either a PMMA membrane or HFR were used. Each ses-
sionlasted 3h and 4 h, respectively. Blood flow and dialysate flow
prescription were 300 mL/min and 500 mL/min, respectively.

The referent hematologist of each center decided the
MM targeted therapy considering the International Myeloma
Working Group (IMWG) and Grupo Espafol de Mieloma
recommendations.

Standard dialysis in MM patients was indicated according to
the nephrologist criteria of each center.

Data collection

Baseline and follow-up data were obtained from medical records
of the three participating centers. Baseline renal function was
measured using the CKD-EPI formula in 6 previous months (if
it was available) and serum creatinine and eGFR at 6 months’
follow-up in patients that recovered renal function without need
of dialysis. In Hospital Vall d’'Hebron, serum FLC levels were
measured by immunonephelometric assay (Freelite, The Bind-
ing Site, San Diego, CA, USA) several times: before dialysis ses-
sions on Days 1 and 4, at the end of each cycle and 21 days after
dialysis started.

Outcome measures

The primary outcome was the percentage dialysis independence
within the first 6 months defined as eGFR >10 mL/min/1.73
m? based on serum creatinine using CKD-EPI formula. The sec-
ondary outcome was detecting the clinical characteristics, that
may play a role in determining renal prognosis at the moment
of AKI secondary to MM. The clinical characteristics collected
were age (years), sex (male), previous CKD, baseline FLC levels,
whether the diagnosis was de novo or first relapse, type of tar-
get MM treatment, time to MM target therapy initiation (days),
hematological response after first cycle (% of patients with com-
plete response or very good partial response), FLC reduction by
Day 21, serum creatinine (mg/dL), proteinuria (mg/day), presence
of diuresis (>500 mL/day) or presence of hypercalcemia define by
level upper 10.5 mg/dL.

Statistics

Descriptive statistics are presented as mean =+ standard devia-
tion (SD), or median and interquartile range (IQR) for continuous
variables, and percentages for categorical variables. We made
univariate comparisons using Fischer’s exact test for categorical
variables, and Student’s t-test or Mann-Whitney-Wilcoxon for
continuous variables. Persistent dialysis survival was measured
from the first dialysis session using Kaplan-Meier curves, and
compared between groups using the Log-rank test. After Nepe-
rian logarithm transformation to obtain normality of proteinuria
levels and time to chemo-immunotherapy initiation, two logis-
tic regressions analysis were performed to identify independent
predictors of renal function recovery. A two-sided P-value <.05
was considered statistically significant. Statistical analyses were
performed using SPSS version 25.0.

RESULTS

Between 2011 and 2018, 25 consecutive patients with dialysis-
dependent AKI related to MM were analyzed. Median age was
70.7 (SD = 11.6) years and 52% (n = 13) of patients were men.
All patients presented with AKI stage 3 and needed RRT. Base-
line serum FLC in all patients was 8700 (IQR 3870-11 875). In the
group of patients that remained in hemodialysis it was 13 000
(IQR 4280-19 654) and in the group on hemodialysis indepen-
dence it was 8011 (IQR 3757-11 019). Main patients baseline
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Table 1: Main characteristics of IHD and standard hemodialysis groups.
Standard hemodialysis
n=25 IHD (n = 17) n=28) P-value

Age, years (mean, SD) 70.7 (11.6) 67.24 (11.7) 77.8 (6.4) .025
>65 years (%, n) 76.5 (19) 70.6 (12) 87,5 (7) 624
Gender, male (%, n) 52 (13) 64.7 (11) 25 (2) 097
Previous CKD (GFR <60 mL/min) (%, n) 44 (11) 35.3 (6) 62.5 (5) .389
De novo (%, n) 76 (19) 76.5 (13) 75 (6) 1
FLC kappa/lambda (%, n) 56(14)/44(11) 75 (6)/25(2) 47.1(8)/52.9(9) 234
Baseline serum FLC, mg/L (median, IQR) 9084 (4470-11985) 8700 (4470-11 498) 9609 (2347-13 216) 788
Bortezomib-based therapy (%, n) 84 (21) 82.4 (14) 100 (8) .527
Time to MM target therapy initiation, days (median, IQR) 5 (2.25-21.5) 4 (2.25-7.5) 26 (1.75-30.75) .149
Hematological response after first cycle (%, n) 40 (10) 47.1(7) 37.5(3) 1
MM response (CR/VGPR) (%, n) 44 (11) 52.9 (9) 25 (2) 234
FLC reduction by Day 21 (%, n) 138

<50% 15.8 (3) 11.8 (2) 50 (1)

50-75% 21.1 (4) 17.6 (3) 50 (1)

>75% 63.2 (12) 70.6 (12) 0
Serum creatinine, mg/dL (mean, SD) 6.7 (2.8) 6.75 (2.84) 6.8 (3.01) .658
Dialysis independence (%, n) 56 (14) 76.5 (13) 12.5(1) .007
Proteinuria, mg/day (median, IQR) 3400 (1350-6000) 4950 (3075 —7045) 1350 (0.260-2590) .009
Ca (mg/dL) (mean, SD) 10.3 (2.18) 10.9 (2.31) 8.9 (0.99) .03
Ca >10.5 mg/dL (%, n) 36 (9) 47.1(8) 12.5 (1) 182
Diuresis >500 mL/day (%, n) 62.5 (15) 76.5 (13) 28.6 (2) .061

CR: complete response; VGPR: very good partial response: Ca: calcium.

characteristics are detailed in Table 1. Nineteen patients (76%)
had an MM de novo at the time of AKI diagnosis.

Renal biopsy was performed in 11 patients (44%). Cast
nephropathy was found in 10 of the patients (Supplementary
data, Table S2).

We found a significant difference in the proteinuria degree
at the time of AKI diagnosis between patients that underwent
IHD and standard dialysis (median 4950 mg/g vs 1350 mg/g,
respectively).

We compared the main clinical, demographic and immuno-
logical characteristics among groups according to whether they
became dialysis-free or not (Table 2). Notably, there was no
significant difference among baseline serum monoclonal light
chains isotypes (P = .165) between the two groups.

Twenty-one patients (84%) received a bortezomib-based reg-
imen with no significant difference between groups. The major-
ity of patients in treatment with bortezomib had a diagnostic de
novo of MM (Supplementary data, Table S3). Ten patients were
treated with two drugs and 11 with three drugs in target MM
treatment. The median follow-up was 14.5 months (IQR 6-25).

IHD characteristics

Seventeen patients underwent IHD in HUVH and HM. The main
characteristics of IHD and standard hemodialysis groups are
shown in Supplementary data, Table S2. Seven patients used
PMMA dialyzer and seven HFR. Three patients started dialysis
with HFR but had to switch to PMMA due to technical failure due
to light chains aggregates. During IHD sessions no complications
related to albumin depletion occurred. The median reduction of
FLC was 75.6% at Day 21. However, this information was only
available in the intensive dialysis group.

Renal function recovery

Independence from dialysis occurred in 14 patients (56%), after
a median period of 21 days (IQR 14-55). Renal function recovery

according to IMWG criteria is shown in Fig. 1. The average cre-
atinine at 6 months of follow-up was 1.75 mg/dL. Patients with
IHD regimen evidenced more renal function recovery compared
with standard dialysis (P = .007).

We evidenced a higher proportion of renal recovery in pa-
tients under 65 years but it was not statically significant. In the
univariate analysis the use of IHD (P = .007), diuresis mainte-
nance (P = .01) and a major degree of proteinuria (P = .002) were
associated with renal recovery (Table 2). We observed that in the
group of patients that achieved dialysis independence time to
treatment initiation was shorter, although it did not reach sta-
tistical significance (P = .064).

In the univariable analysis calcium levels were higher in
patients with hemodialysis independence (P = .027), however
this significant difference was lost in the multivariate adjusted
analysis.

Surprisingly, proteinuria had also a reverse relationship to
what we would expect to find. Patients with major degree of pro-
teinuria presented better renal outcome, the opposite of what
has been previously published [9]. Thus, we surmise that the pro-
teinuria data may be in partrelated to the volume of the diuresis.
For this reason, this variable was not been included in the mul-
tivariate analysis.

Furthermore, we performed a logistic regression analysis to
assess the independent risk factors for renal recovery, and we
evidenced that the group of patients that underwent IHD had a
statistically significant higher proportion of renal recovery func-
tion than the group of patients treated with standard dialysis
regimen (P = .014) (Table 3). This analysis was adjusted by age,
Napierian logarithm transformation of time of initiation of tar-
get MM treatment, calcium levels and the presence of diure-
sis. As mentioned above, proteinuria was not included in the
analysis.

There was a statistically significant association between dial-
ysis independence and the use of IHD as is shown in Fig. 2
(P = .045). In the Cox analysis, we observed a positive effect of
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Table 2: Main patient baseline characteristics of the dialysis-dependent patients and independent patients.

Hemodialysis Hemodialysis
dependent independent
n=25 (n=11) (n=14) P-value

Age, years (mean, SD) 70.7 (11.6) 76.3 (6.6) 65.9 (12.9) .02
>65 years (%, n) 76.5 (19) 90.9 (10) 61.5 (9) 166
Gender, male (%, n) 52 (13) 36.4 (4) 64.3 (9) .238
Previous CKD (GFR <60 mL/min) (%, 1) 11) 455 (5) 42.9 (6) 1
De novo (%, n) 76 (19) 81.8(9) 71.4 (10) 232
FLC kappa/lambda (%, n) 56 (14)/44 (11) 54.6 (6)/45.5 (5) 57.1 (8)/42.9 (6) 165
Baseline serum FLC, mg/L (median, IQR) 9084 (4470-11 985) 9940 (5862-14 302) 8011 (3757-11 019) 136
Bortezomib-based chemotherapy (%, n) 84 (21) 90.9 (10) 78.6 (11) .604
Time to MM target therapy initiation, days (median, IQR) 5(2.25-21.5) 26 (2.5-41.75) 4(2.5-7) .064
Hematological response after first (at least PR) cycle (%, n) 40 (10) 45.5 (5) 35.7 (5) .697
MM response (>VGRP) (%, n) 44 (11) 36.4 (4) 50 (7) .689
Involved FLC reduction by day 21 (%, n) .138

<50 15.8 (3) 40 (2) 7.1(1)

50-75 21.1 (4) 0 (0) 28.6 (4)

=75 63.2 (12) 60 (3) 64.3 (9)
THD (%, 1) 68 (17) 36.4 (4) 92.9 (13) .007
Number of IHD sessions 15 12
Serum creatinine, mg/dL (mean, SD) 6.7 (2.8) 7.5 (3.5) 6 (2.95) 215
Proteinuria, mg/day (median, IQR) 3400 (1350-6000) 1775 (0.850-3075) 5500 (3950-8200) .002
Kidney biopsy (%, n) 44 (11) 45.5 (5) 42.9 (6) 1
Ca (mg/dL) (mean, SD) 10.3 (2.18) 9.2 (1.0) 11.15 (2.5) .027
Ca >10.5 mg/dL (%, n) 36 (9) 18.2(2) 50 (7) .208
Diuresis =500 mL/day (%, n) 62.5 (15) 27.3 (3) 85.7 (12) .01
Deaths (%, n) 64 (16) 81.8 (9) 50 (7) .208
CR: complete response; VGPR: very good partial response; PR: partial response; Ca: calcium.

Function renal recovery IMWG Table 3: Predictors of renal recovery.
8r [ Standard dialysis B (95% CI) HR R R? P-value
7+ | IHD THD —3.09 (1.85-260.65) 0.045 0.329 0.446 .014

Frequency
N w = 6] o
T

i l
0
CRrenal PRrenal MRrenal NR

Figure 1: Frequency of patients according to IMWG criteria. CRrenal: complete
renal response [best creatine clearance (CrCl): >60 mL/min]; PRrenal: partial
renal response (CrCl: 30-59 mL/min); MRrenal: minor renal response (CrCl 15-
29 mL/min); NR: no response.

FLC removal by IHD in renal recovery (P = .024) (Table 4). In this
case we also adjusted the model with the same variables de-
scribed in logistic regression.

Hematological response and overall survival

At 3 months of follow-up there were no differences be-
tween the two groups (P = .689) regarding the hematologi-
cal response at 3 months, overall mortality and overall sur-
vival. We also did not find differences in hematological re-

Independent predictors of renal recovery, adjusted by age, diuresis, calcium,
Neperian logarithm of time to MM target therapy initiation.
CI: confidence interval.

1or IHD
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Figure 2: Actuarial survival curves of persistent dialysis according to IHD.

sponse after the first cycle of target MM treatment in order
to evaluate a rapid and deep hematologic response among

groups.
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Table 4: Cox analysis of impact of IHD.

HR (95% CI) P-value

THD 0.183 (0.06-0.918) .024

Independent predictors of renal recovery, adjusted by age, diuresis, calcium,
Neperian logarithm of time to MM target therapy initiation.

P is in bold type due to be less than 0.05.

CI: confidence interval.

DISCUSSION

We performed a multicentric retrospective study that included
25 patients with severe AKI related to MM. All of them required
treatment with hemodialysis. IHD was performed with the in-
tention of early reduction of FLC or received a standard dialysis
according to the regular clinical practice of each center. The aim
of the study was to evaluate the clinical impact of early removal
of FLC. We observed that patients who received IHD achieved
better renal outcome. In addition, the presence of preserved di-
uresis and an early initiation of targeted therapy against plasma
cells may also play an important role in a better renal prognosis.

During the last decade, previously published studies have
suggested than FLC reduction may improve renal survival [10,
11]. Until the use of new agents such as the proteasome in-
hibitor bortezomib, patients with dialysis-dependent AKI due
to multiple myeloma had a poor overall survival [9]. The use of
bortezomib-based treatments achieved up to 50% of dialysis in-
dependence with a medium time to event of 217 days [5, 16]. In
our study dialysis independence was reached at a medium time
of 21 days. We hypothesize that if circulating FLC can be quickly
decreased by IHD, persistent kidney damage could be avoided
and this would help an early recovery of renal function.

Dimopoulos et al. only explained renal response with total of
patients according to the requirement of dialysis, and data about
the degree of renal function in the follow-up were not shown
[5]. In our study, patients that became dialysis independent had
medium creatinine at 6 months follow-up of 1.75 mg/dL. We
want to highlight the importance of recovering renal function
besides acquiring dialysis independence as the absence of re-
covery is associated with superimposed cardiovascular morbid-
ity and mortality [17, 18].

Regarding the use of THD, there is scarce evidence support-
ing this regime and it is controversial. Hutchinson et al. used
IHD with high cut-off membranes, and in non-control studies
seemed to improve renal function recovery when FLC reduc-
tion was started within the first 21 days after the diagnosis [1,
10, 11]. More recently two studies, EULITE (NCT00700531) and
MYRE (NCT01208818), showed that the renal recovery rate was
not achieved as reported from previous studies [19, 20]. Despite
minor difference in scheme of IHD between the two studies, at
3 months these patients were not able to obtain better renal re-
covery rates than in group of standard dialysis. The MYRE study
seemed to show a better renal evolution at 6 and 12 months but
a statistically significant difference could not be demonstrated
[19, 20]. This conclusion is in agreement with a recent metanaly-
sis about the use of high cut-off. Tarragén et al. revised five stud-
ies where the use of these membranes was not associated with
renal recovery despite of achieving FLC reduction [21]. Moreover,
IHD with high cut-off membranes was associated with more al-
bumin loss, FLC removal failure due to aggregates and higher
costs [22, 23].

Other types of membranes have shown good results in effi-
cient FLC removal [24-26]. Sens et al. demonstrated that IHD with
PMMA membranes is associated with effective reduction of FLC
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and renal recovery [24]. Afterwards, in a previous retrospective
study comparing two cohorts of patients who underwent IHD
with PMMA, the hematological response was identified as a pos-
itive prognostic variable for renal recovery, independent of IHD
[27].

In our study, we were not able to find any difference between
hematological response and the use of bortezomib. In patients
dependent on dialysis, FLC level below 500 mg/dL after the first
cycle of chemotherapy has been described as an independent
factor for renal recovery [20, 28]. Heavy amounts of Bence Jones
proteinuria (>2 g/day) have been associated with increased risk
of cast nephropathy [9]. In addition, it was surprising that the
group without renal function recovery had a lower degree of pro-
teinuria. Diuresis was less preserved in the group of patients
who remained dialysis dependent (three patients, 27.3%). Since
the amount of proteinuria in 24 h depends on the volume of di-
uresis, an explanation for finding less proteinuria in the group
with dialysis dependence could be its lower output diuresis. An-
other fact is that patients who did not undergo IHD, this param-
eter was not controlled, and the moment of urine collection was
not homogeneous. Taking all of this together, it seems that the
patients’ diuresis output could reflect the degree of kidney dam-
age. According to this, two studies had been published evalu-
ating the prognosis value of renal biopsy. In the subgroup of pa-
tients that responded to MM treatment, the number of casts was
an independent factor for renal recovery [29, 30]. In our study,
the group with better renal outcome maintained preserved di-
uresis. It would be reasonable to think that the number of casts
might be in part related to the volume of diuresis. To the best of
our knowledge, there are no studies focused on oliguria as a risk
factor for poor renal prognosis in MM patients. Taking this into
account, in the future maintaining the diuresis in MM patients
may be a cornerstone in the treatment.

On the other hand, despite the fact that the group of patients
with better renal outcome are younger than patients that remain
on hemodialysis, there were no differences between proportion
of patients older than 65 years between groups. In fact, the age
of our patients did not affect in the recovery of renal function.

Another factor to consider is the presence of previous chronic
kidney disease. This data were only available in half of the pa-
tients since these patients were not previously followed up for
any known kidney pathology. Thus, we should probably assume
they had previous normal kidney function.

Renal biopsy should be performed whenever possible, but we
considered that it should not delay chemo-immunotherapeutic
treatment. Clinical suspicion, high FLC levels and less than 25%
of urinary albumin excretion strongly suggest cast nephropa-
thy as a cause of AKI [15]. In this group of patients, the most
important prognostic factor is speed and depth of response to
targeted MM therapy. We did not find differences in the quality
of hematologic response, but there were better renal outcomes
when prompt treatment was started. To improve the renal and
patient prognosis of AKI-related MM it is recommended to con-
sider this situation a medical urgency [31]. The main objective
of FLC removal is to decrease the tumor burden as soon as pos-
sible, and IHD is a therapy intended to give support during the
downtime of targeted MM therapy.

Our study has important limitations. First, this was a ret-
rospective study where variables were not controlled and the
sample size is small. Another limitation is diuresis data, since
proteinuria was collected at diagnosis but not at the same
time, and some patients were anuric. Although not signifi-
cant, the difference regarding the time on target therapy in
the IHD group (4 days) vs the standard HD group (26 days)
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is also a limitation of our study. In some cases, FLC levels
during the first weeks after diagnosis were not available in
medical records, especially in patients that performed stan-
dard dialysis, probably because this does not change the ther-
apeutic attitude. In addition, severe AKI associated with MM
is a rare pathology, and for this reason the scientific con-
trasted evidence-based knowledge has been scarce. We think
that the lack of evidence is the main reason for treating patients
in the past with HFR for FLC removal instead of PMMA mem-
branes. After observed FLC removal failure due to aggregates,
we switch to PMMA membranes. Another limitation is that in
only 44% of patients was a renal biopsy done, so we cannot ex-
clude other types of associated monoclonal gammopathy such
as amyloidosis, vascular nephropathy, severe interstitial fibrosis
or tubular atrophy.

Importantly, the achievement of dialysis independence im-
proves quality of patients’ lives and reduces mortality. This also
leads to a significant decrease in health costs secondary to RRT.

In conclusion, the role of FLC removal in severe AKI patients
with MM still remains controversial, and further studies are re-
quired. We found a statistical significance between the use of
IHD regime and renal recovery in myeloma kidney. Patients who
reached dialysis independence (14 out of 25) did it at a median
time of 21 days, which is significantly earlier than reported. We
postulate that this may be in part related to the promptinitiation
of antimyeloma therapy in combination with IHD. To our knowl-
edge, this is the first study that correlates diuresis maintenance
and renal recovery.

SUPPLEMENTARY DATA
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NephroCan is @ Canadian, fully integrated product and service
provider for patients affected by chronic kidney failure and needing
hemodialysis (HD) therapy. Our company offers a broad range of HD
products including machinery: hemodialysis machine, central and
portable reverse osmosis (RO) systems, patient chairs, and disposables:
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bags.

NephroCan’s dialyzers (NephroFilters) are made with high-quality
materials and pass rigorous testing to ensure safety, effectiveness,
and efficacy. We offer a variety of NephroFilters to assist nephrologists
and other healthcare providers in administering personalized care for
their patients. NephroFilters are low flux or high-flux permeability and
adaptable to different hemodialysis machines, designed for ease of

use by healthcare professionals.

0ur HD machine (NephroHDM) features technology that enables
precise and customized treatment for each patient. Our goal is to
improve clinical outcomes and patient safety. The NephroHDM offers
various therapeutic options that allow healthcare providers to tailor
hemodialysis sessions based on each patient’s specific needs. The
machine is practical, with an intuitive interface for a fast, easy set up,

and safe monitoring of HD treatments.

NephroCan's CE-certified products are trusted by healthcare
professionals around the world. Our commmitment to quality and safety
is reflected in our operations and processes, which ensure our products
provide patients with the best hemodialysis treatment throughout

their ESRD journey.

0ur distribution partners and end users agree on several
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the “A to Z" of the hemodialysis spectrum. This broad portfolio
provides integrated solutions and comprehensive treatments for

dialysis patients with various medical needs.
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improve patient outcomes. Our focus is to develop products and
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3. Global perspective
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patient care.

4. Patient and family-centred care approach
NephroCan places a strong emphasis on putting patients and
their families first. We tailor our products and services to meet
the uniqueness of the communities we serve. This philosophy
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NephroCan is a trusted provider of hemodialysis products.
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