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Klinikum rechts der Isar, Ill. Medical Clinic, School of Medicine, Technical University of Munich,
Munich, Germany

Background: We determined the efficacy of free light chain (FLC) removal by
regular dialysis equipment (high-flux filtration) with medium cutoff (MCO)
membrane hemodialysis (HD) as an adjuvant treatment to standard
chemotherapy for patients with acute kidney injury complicating multiple
myeloma (MM) and its impact on further dialysis dependency.

Methods: Sixty patients with acute dialysis-dependent renal failure secondary to
MM were treated with MCO-HD (55 patients) or HCO (high cutoff)-HD (5
patients) as a control. FLC serum concentration, total protein,
immunoglobulins, and LDH were measured throughout the dialysis therapy.
The kidney function of the patients was followed up for 1 year.

Results: The median age was 69 years; 25 female and 35 male patients were
enrolled. HD significantly reduced FLC kappa levels in the MCO/HCO group by
58%/84% (MCO/HCO group; p < 0.05) and FLC lambda by 39%/33% (MCO/HCO
group; p < 0.05). Single HD data (MCO) showed a relative reduction of 70% in
kappa and 37% in lambda FLC concentration, as expected by the different sizes of
the light chains. Renal function improved significantly and continuously from
starting creatinine 5.7/3.8 mg/dl (MCO/HCO group) before HD to 1.4/2.0 mg/dl
(MCO/HCO group; p < 0.001) after 1 year. No significant alteration of total
protein, immunoglobulins, and LDH concentrations by HD (HCO and MCO
group) was observed. After 1 year, 37 of 60 patients were alive and 34 of them
were off dialysis.
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Conclusion: FLC elimination with MCO-HD is effective, technically easy, and less
cost-intensive as compared with HCO-HD. Kidney function recovery in MM
patients is achievable.

KEYWORDS

multiple myeloma, dialysis, free light chains, acute kidney injury, medium

cutoff hemodialysis

Introduction

In multiple myeloma (MM), therapeutic success strongly
depends on the preservation of renal function. Thus, renal
impairment represents an independent negative prognostic factor
in MM in the first 6 months after diagnosis (1). Accordingly, renal
recovery and hematologic response are the strongest markers
associated with patient survival (1). This is a major issue since
even dialysis-dependent acute kidney injury (AKI) occurs in 10% to
15% of patients with multiple myeloma, and 40% of patients present
with a kidney dysfunction at the time of diagnosis (2, 3). In the
course of their disease, 50% of patients present with at least one
episode of AKI (1, 4).

A pathophysiological mechanism of damage is the
tubulointerstitial cast nephropathy caused by high levels of
immunoglobulin free light chains (FLCs) resulting in obstruction,
concomitant inflammation, and tubulointerstitial damage (3, 5, 6)
(see Figure 1). Particularly prone to cast nephropathy are patients
with light-chain multiple myeloma due to their high production
rate of nephrotoxic FLCs (6, 7). The prognosis of AKI in MM
patients used to be very poor, as 80% of affected patients used to
remain dialysis-dependent (8).

In animal models, CAST nephropathy causes irreversible
damage to the nephron after only 1 month, which indicates a
very small, thus, precious timeframe to efficiently reduce FLC in
order to allow renal recovery (9, 10).Thus, vigorous efforts have
been applied to relieve the impact of myeloma on kidney function,
and FLCs seemed to be a reasonable target of therapy. Trials have
been conducted since 2005 to remove FLCs by plasmapheresis or
later by high cutoff (HCO) membranes, but randomized controlled
studies disappointingly did not demonstrate a significant impact on
death, dialysis dependency, or reduced kidney function (11, 12).
Due to the at-best equivocal results, the high financial expenses, and
increased technical requirements for plasmapheresis or high cutoft

Abbreviations: AKI, acute kidney injury; MM, multiple myeloma; FLC, free light
chain; HCO, high cutoft; HCO-HD, high cutoff membrane hemodialysis; MCO,
medium cutoff;, MCO-HD, medium cut-off membrane hemodialysis; HD,
hemodialysis; HF, high flux; HF-HD, high-flux hemodialysis; KDIGO, Kidney
Disease Improving Global Outcomes; LDH, lactate dehydrogenase; IQR,
interquartile range; kDa, kilodalton; MYRE, Multiple Myeloma and Renal
Failure due to Myeloma Cast Nephropathy; EuLITE, European Trial of Free
Light Chain Removal by Extended Hemodialysis in Cast Nephropathy.
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membrane hemodialysis (HCO-HD), the question arose on how far
this approach is mandatory or even applicable.

Nevertheless, in all studies, there seemed to be a group of
patients benefiting from the removal of FLCs, as there is a solid
pathophysiological rationale for a substantial and particularly rapid
FLC removal (1, 2, 13), in order to regain kidney function.

Therefore, we would like to argue for a less lavish, readily
available technique to remove FLCs. Here, we report on the results
of our focused efforts to eliminate FLCs as quickly as possible
through normal dialysis machines with medium cutoff membrane
hemodialysis (MCO-HD).

Materials and methods
Study design

We performed a retrospective analysis of 75 MM patients treated
between August 2015 and June 2021 in the Department of Nephrology,
University Hospital rechts der Isar of the Technical University of
Munich. In 15 patients, data were not sufficient for assessment. Out of
the remaining 60 patients, 55 were treated with MCO membrane
(MCO, Theranova 500 PAES/PVP, BPA-free, Baxter, USA), and 5 were
treated with HCO membrane (HCO, Gambro THERALITE PAES/
PVP, BPA-free, Baxter, USA) dialysis. Assignment was following
random selection, and HCO treatment was used as technical control.

Membrane characteristics are the same as described by Boschetti-
de-Fierro et al. (14, 15). In order to confirm the effective dialysis of
FLCs, we additionally measured concentrations of FLCs in the
dialysate on a test basis as proof of principle.

HD was indicated clinically by kappa or lambda light-chain serum
levels exceeding 500 mg/L and concurrent acute kidney failure while
eliminating alternative diagnosis and proof of tubular cells in urine
microscopy. Acute kidney failure was defined as AKI stage 2 (serum
creatinine 2.0-2.9 times baseline) or higher following the International
Kidney Disease Classification (KDIGO). HD was begun immediately
on clinical diagnosis, not waiting for kidney biopsy results.

Most patients were initially treated with an identical
chemotherapy regimen (bortezomib-based chemotherapy)
according to recent guidelines and the recommendations of the
International Myeloma Working Group (16). Depending on the
success of the therapy, the chemotherapy regimen was adapted (e.g.,
cyclophosphamide, daratumumab) following international
guidelines at the time of treatment.
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FIGURE 1

Exemplary histology patient with Multiple Myeloma (MM) showing casts subtype free light chain (FLC) lambda. (A) overview 4x magnification PAS-
staining, (B) PAS-staining 10 X magnification, (C) HE-staining 4 X magnification, (D) lambda — immunohistochemistry 10x magnification (E) kappa —

immunohistochemistry 10 X magnification.

The Ethics Committee of the University Hospital rechts der Isar
of the Technical University of Munich considered an (extended)
ethics vote as not necessary for this study since data were collected
for routine purposes; a waiver statement by the Ethics Committee
was obtained (number 2/22 S-KH). The study complies with local
data protection regulations.

Data collection

Laboratory data collection was performed using LAURIS
laboratory system version 2.21.10 as well as patient records and
included basic demographic characteristics (sex, age), disease type,
number of dialysis sessions, serum FLC kappa and lambda, serum
creatinine, eGFR (CKD-EPI), total protein, immunoglobulin (IgA,
IgG, IgM), and LDH concentration at the beginning and end of each
session to calculate the relative reduction of these solutes [difference
pre-post-dialysis serum concentration divided by pre-dialysis
serum concentration * 100% = relative reduction (RR) of these
solutes (pre-post)/pre * 100%]. In the case of multiple dialysis
sessions, the calculation of relative reduction refers to the difference
between the baseline value before starting the first dialysis and the
value following the completion of the last dialysis. In the case of the
single dialysis data, the calculation of the relative reduction refers to
the difference between the baseline value directly before starting this
single dialysis and the value following completion of this single
dialysis. No patient-identifiable data were collected.

Statistical methods

Descriptive data of patient characteristics and laboratory values
as mentioned above were presented as median and interquartile
range (IQR) for continuous variables or frequency of occurrence
with proportions for normally distributed and non-parametric data,
respectively. Additionally, mean and range were calculated.
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Depending on the type and the assumed distribution of data,
Fisher’s exact test, Mann-Whitney test, or two-way ANOVA were
used to analyze the data. For comparison of values before and after
dialysis treatment, a two-sample ¢-test for dependent samples (pair
comparison test) was performed. A p-value <0.05 was used as the
level of significance, and a p-value <0.01 was considered highly
significant. The data processing was carried out with Microsoft
365% Excel® version 2102 and SPSS version 28.

Results
Patient characteristics

Data from 60 patients, treated between August 2015 and June
2021 in the Department of Nephrology, University Hospital rechts
der Isar of the Technical University of Munich, were analyzed.

The population was predominantly men (35 patients, 58.3%) and
the median age was 69 years (59-78). The primary diagnosis was based
on M-protein isotype (2 IgA kappa, 13 IgG kappa, 1 IgM kappa, 3 IgA
Lambda, 3 IgD lambda, 10 IgG lambda, 17 kappa light chain only, and
11 lambda light chain only) (Table 1). Five patients (8.3%) presented
with MM as an initial diagnosis and 55 (91.7%) patients had refractory
or relapsing disease (Table 1). All patients had high levels of FLC kappa
or lambda, and all patients had concomitant AKI. Renal biopsy was
performed in 18 cases (30%), confirming CAST nephropathy in 17
cases (see exemplary histopathology of a patient included in this study,
Figure 1) and AL amyloidosis in one case.

Effect of MCO- vs. HCO-HD regarding
FLC concentrations

In both MCO and HCO groups, patients received on average

eight HD sessions, each session lasting 4 h. For all patients, FLC
concentrations were measured repeatedly, at least before and after
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TABLE 1 Overview of patient characteristics.

Patient characteristics

Number of patients (1) 60
Age (years), median (IQR) 69 (59-78)
Age >65 years (%) 30 (50)
Gender (male/female) 35/25
Primary diagnosis (M-protein isotype):

IgA kappa 2
IgG kappa 13
IgM kappa 1
IgA lambda 3
IgD lambda 3
IgG lambda 10
IgM lambda 0
Kappa light chain only 17
Lambda light chain only 11
Involved sFLC (%):

Kappa 33 (55)
Lambda 27 (45)
Dialysis with high cutoff membrane number (%) 5(8.3)
Dialysis with medium cutoff membrane number (%) 55 (91.7)
Histological confirmation of CAST nephropathy number (%) 17 (28.3)
Histological confirmation of AL-amyloidosis number (%) 1(1.7)
Disease relapse number (%) 55 (91.7)

10.3389/fonc.2023.1193504

the HD sessions. For 10 patients, we report on single dialysis data
with measured FLC concentrations directly before and after every
single HD treatment.

Effect of MCO- and HCO-HD sessions

Overall, MCO- and HCO-HD resulted in a significant relative
reduction of FLC concentrations (Figures 2A, B, upper part) with
no significant difference between MCO- and HCO-HD treatment
and no significant difference between histology-confirmed CAST
nephropathies and non-biopsied patients (Figures 2C, D,
lower part).

In the MCO group, an FLC kappa relative reduction of 58%
(30-80) and an FLC lambda relative reduction of 39% (22-72) over
the whole HD treatment period (Figure 2, left; *p < 0.05, **p < 0.01
each) were achieved. The relative reduction of FLC kappa was
significantly higher compared with the relative reduction of FLC
lambda (Figure 2A, left, upper part, **p < 0.01, and
Supplementary Table 1).

In the HCO group, an FLC kappa relative reduction of 84% (53—
94) and an FLC lambda relative reduction of 33% (24-60) over the
whole HD treatment period (Figure 2B, right, p < 0.05 each, and
Supplementary Table 1) were observed.

Regarding the control parameters, the median total protein was
reduced in the HCO group from 5.6 g/dl (5.1-5.7) to 4.9 g/dl (4.5-
5.4), although not significant. LDH remained approximately the
same [293 U/L (243-325) before to 313 U/L (247-325) after the HD
treatment period] (Figure 3). The same applies to immunoglobulin
A, G, and M concentrations (data not shown). Regarding the
alterations in the MCO group, we refer to the MCO single
dialysis data (see Supplementary Table 2 and Figures 4, 5).
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Relative reduction (%) of kappa and lambda FLC over all with (A) Medium Cut-Off Hemodialysis (MCO-HD) and (B) High Cut-off Hemodialysis
(HCO-HD) as well as histologically confirmed CAST cases with (C) MCO-HD and (D) HCO-HD; Relative Reductions (RR) are calculated as pre-post
dialysis serum concentration divided by pre-dialysis serum concentration *100 %; *p < 0.05, **p < 0.01 each.
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FIGURE 3

Multiple dialyses with HCO membrane: overall alteration of (A) total protein (reduction, not significant) and (B) LDH (constant) before (=

bar) and after (= post = striped bar) dialysis sessions

Effect of single MCO-HD

Regarding the analysis of single dialysis data, median FLC
kappa relative reduction was 70% (39-81) in kappa and 37% (19-
50) in lambda FLC concentration over all MM subtypes in these 10
patients. Kappa FLC relative reduction was significantly higher
compared with the lambda FLC relative reduction (Figure 6;
*p < 0.05, **p < 0.01).

Effect of single MCO-HD on FLC
concentrations in different MM subgroups

In the analyzed subgroups of MM (all kappa type MM, only
kappa type MM, all lambda type MM, only lambda type MM), the
relative reduction (significant) of FLC kappa was higher compared
with lambda in all subgroups (mostly significant) (Figure 4;
*p < 0.05, ¥p < 0.001 each): all kappa-secreting MM patients,
comprising IgG kappa and kappa only cases, showed a median FLC
kappa relative reduction of 66% (19-74). In all FLC lambda-
secreting MM patients, comprising IgG lambda, IgD lambda, and
lambda only cases, an FLC lambda median relative reduction of
39% (35-50) was found.

Looking at the only FLC kappa-secreting myeloma, an FLC
kappa relative reduction of 49% (14-84) was identified. Looking at
the only FLC lambda-secreting myeloma, an FLC lambda relative
reduction of 39% (36-46) was observed (Figure 4; *p < 0.05;
**p < 0.001 each).

Relative Reduction (%) — single MCO-HD

% [ T e B |
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FIGURE 4

Single dialysis with MCO membrane in different myeloma subtypes:
relative reduction of FLC kappa is significantly higher in all
subgroups compared to lambda (%); *p < 0.05, **p < 0.001 each
kappa vs. lambda FLC reduction.
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Altogether, the concentrations of FLC kappa and lambda could
be reduced with a single MCO-HD significantly, and the relative
reduction of FLC kappa was higher compared with FLC lambda.

Effects on dialysis dependency and
kidney function

Renal function 1 year after starting HD improved in both the MCO
and HCO groups significantly. Glomerular filtration rate increased and
serum creatinine declined, respectively. Thirty-seven of 60 patients
received HD sessions for less than 2 weeks, 17/60 for a period of 3
months, 3/60 for up to 6 months, and 3/60 continuously (three times
per week) after starting dialysis. In one patient, MCO-HD was stopped
because of missing response to the therapy due to the severity of bone
marrow infiltration. The patient was continued on regular HF-HD.
Thus, after 1 year, 37 of 60 patients reached follow-up and were alive,
and 34 were off dialysis. The others died throughout the follow-up
period because of myeloma-associated complications (Figure 7).

Renal function recovered earlier (14 days after starting HD) in
the HCO group but was similar 1 year after the start of HD
compared with the MCO group. Median serum creatinine at the
start of HD was 5.7 mg/dl (4.0-7.2) in the MCO and 3.8 mg/dl (3.0-
4.2) in the HCO group, 5.5 mg/dl (3.8-7.1) in the MCO and 3.7 mg/
dl (2.7-4.1) in the HCO 1 day after starting HD, 3.0 mg/dl (1.6-4.4)
in the MCO and 1.5 mg/dl (1.3-2.6) in the HCO 14 days after
starting HD, 2.8 mg/dl (1.5-4.1) in the MCO and 2.0 mg/dl (1.9-
2.2) in the HCO after 1 month, 2.1 mg/dl (1.3-2.7) in the MCO and
2.1 mg/dl in the HCO after 6 months, and 1.4 mg/dl (1.2-2.0) in the
MCO and 2.0 mg/dl in the HCO 1 year after starting HD
(Figures 8A, B; *p < 0.05; **p < 0.001 each). There were no
significant differences between the different MM subgroups.

Effect of single MCO-HD on serum
concentration of immunoglobulins, total
protein, and LDH

Although there was a slight decrease in serum concentration of
the control parameters total protein and LDH, there were no
significant alterations: immunoglobulin concentrations did not
differ significantly either: median IgA serum concentration 26
mg/dl (5-26) before HD and 5 mg/dl (5-5) after HD. The same
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Single dialyses with MCO membrane: no significant alteration of (A) IgA, (B) IgG, (C) IgM, (D) total protein and (E) LDH before (= pre = white bar) and

after (= post = striped bar) MCO-HD.

was for IgG: 867 mg/dl (811-2,436) before HD and 977 mg/dl (977-
2,294) after HD; IgM (mg/dl) 7 mg/dl (5-13) before HD and 7 mg/
dl (5-7) after HD (Figure 5, upper part, and Supplementary
Table 2). The median serum concentration of total protein was
6.5 g/dl (6.2-6.6) before HD and 6.2 g/dl (5.2-6.5) after HD. The
median serum concentration of LDH before dialysis was 300 U/L
(243-341), and the concentration after HD was 292 U/L (249-320)
(Figure 5, lower part, and Supplementary Table 2).

Discussion

It is clear that kidney dysfunction adds a great load of morbidity
on patients with myeloma, and it is of concern as it is present in 50%
of patients during the course of their disease (1-4). Excessive serum
levels of FLCs rapidly induce tubulointerstitial damage known as
cast nephropathy and thereby pose the risk of dialysis-dependent
AKI with a subsequent poor outcome (1, 7, 17, 18). The objective is

Relative Reduction (%) — single MCO-HD
100 hl

1
9 £ *
80
70
60 x
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FIGURE 6

Single dialysis relative reduction (%) in MCO-HD (pre-post)/
pre*100%; *p < 0.05, **p < 0.01 each.
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clear: from the Nordic Myeloma Study Group, we know that the
survival of patients with recovered renal function is comparable to
patients without AKI (19).

Thus, since 2005, the removal of FLCs by plasmapheresis was
attempted but failed to significantly impact death, dialysis
dependency, or reduced kidney function (11, 12). Hutchison
evaluated the combination of extended high cutoff membrane
hemodialysis (HCO-HD; cutoff 45 kDa) and chemotherapy
(cyclophosphamide/thalidomide/vincristine/doxorubicin and
dexamethasone), which led to a sustained reduction in serum
FLC concentrations in the majority of patients, resulting in a
substantial rate of dialysis independence (2). However, only those
patients who eventually responded to chemotherapy benefitted
from HCO-HD (9). It is worth mentioning that supplementation
of calcium, magnesium, and albumin was required due to
substantial losses during HCO-HD (9).

Similar results were observed in single-center studies showing that
effective chemotherapy in combination with extracorporeal FLC
removal by HCO-HD was associated with a fast reduction in serum
FLClevels and subsequently a higher rate of recovery of kidney function
(20-22). Furthermore, prolonged patient survival and renal recovery
correlated with the extent of FLC reduction by the HCO membrane (23).

Consequently, the strategy has been further assessed in two
multicenter randomized controlled trials: The first trial, MYRE
(Multiple Myeloma and Renal Failure due to Myeloma Cast
Nephropathy), failed to show a statistically significant effect for
the use of HCO-HD in patients treated with bortezomib and
dexamethasone, regarding HD independence at 3 months
(primary endpoint: 33% vs. 43%, respectively; p = 0.42), but an
increased renal recovery rate was found later on. As had been
previously reported, phosphate and albumin supplementation after
HCO-HD was needed (7, 24).

The second trial, EuLITE (European Trial of Free Light Chain
Removal by Extended Hemodialysis in Cast Nephropathy),
demonstrated that HCO-HD for sessions lasting 6-8 h compared
with those receiving high-flux hemodialysis (HF-HD) did not improve
clinical outcomes in patients with multiple myeloma and biopsy-
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Patient flow chart: 37/60 patients received dialysis sessions for less than two weeks, 17/60 for a period of three months, 3/60 up to 6 months and 3/
60 continuously (three times per week) after starting dialysis. After one year, 37 of 60 patients reached follow-up and were alive, 34 were off dialysis.

proven myeloma cast nephropathy, being on bortezomib,
dexamethasone, and doxorubicin treatment (17, 24). Furthermore,
there was no additional effect on renal recovery (17, 24). Worse still, the
mortality rate after 2 years and the rate of infections were higher in the
HCO-HD group. Consequently, a phase 3 study was not pursued (17).

We can assume that these studies failed to demonstrate sound
benefits, as the start of therapy took around 10 days after diagnosis
(17); thus, CAST nephropathy might already have caused irreversible
damage to the kidney. In accordance with this consideration,
previous studies found that a rapid reduction of serum FLC levels
does improve renal recovery and dialysis independence (7, 18).

There is some sort of consensus that a substantial FLC
reduction is mandatory at least in patients at high risk for
irreversible renal failure (1, 2, 13, 18). Since the timely response
to chemotherapy is somewhat unpredictable, it should be prudent
to lower FLC levels by removal as fast as possible. To our
knowledge, this is the first study evaluating the clinical experience
with a rapid MCO membrane-based hemodialysis.

In our study, MCO-HD significantly reduced serum FLC
concentrations and with a similar impact compared with the HCO-
HD. Overall, the effect on FLC kappa was stronger than on lambda
(58% kappa relative reduction vs. 39% lambda relative reduction over
all MCO-HD sessions, highly significant), probably because lambda
FLC tended to form covalent dimers, trimolecular complexes, and
tetramers with consecutively increased molecular weight, on average

45 kDa for a dimer (25). Consequently, these large molecules exceed
the pore radius of MCO membranes with an average cutoff of 40 kDa
(14). Furthermore, these multimers even exceed to some extent the
pore radius of HCO membranes, which explains the lower relative
reduction of FLC lambda compared with kappa in our HCO group
(kappa 84% vs. lambda 33%) (15). Thus, it is remarkable that we still
achieved a substantial reduction of FLC lambda by MCO-HD.

As in the aforementioned efforts and also in our patients, a
significant removal of FLCs and an improvement of renal function
after HCO/MCO-HD were found. The renal recovery we found 1 year
after starting FLC elimination is in line with previous publications
underlining the effectiveness and importance of FLC elimination (4, 26).

Additionally, no significant effects on total protein and
immunoglobulin (IgA, IgG, IgM) concentrations could be found in
the MCO group, indicating no need for protein or immunoglobulin
supplementation or risk of infections due to loss of
immunoglobulins. Of note, in the small HCO group, there was an
apparent but not significant reduction of total protein, which is in
line with protein loss, higher infections, and hemorrhage
complications after prolonged HCO-HD in the MYRE study and
which therefore supports the preference of alternative MCO-HD (7).

It is worth mentioning that after the first chemotherapy cycle of
bortezomib and dexamethasone, only about 30% of patients reached a
serum FLC level of less than 500 mg/L, which is considered a critical
threshold for cast formation (6, 7). Thus, if there is any doubt about a
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sufficiently fast response to chemotherapy, starting a technically easy
MCO-HD is our proposal based on the observed data. Hereby, the
critical timeframe until chemotherapy takes effect can be bridged and
used efficiently. This is particularly the case in MM patients with
relapsed disease and concomitant AKI, which is an increasingly
observed situation in clinical routine and for which the probability
of a profound and rapid FLC reduction by chemotherapy is less
foreseeable than among patients with newly diagnosed MM (7).
Thus, when acute kidney injury requires dialysis treatment, MCO-
HD can easily be chosen.

The obvious limitations of this current study relate to its design
as a retrospective cohort study with no untreated control group,
since a control group without any dialysis treatment was not feasible
due to the inclusion of patients with acute kidney failure only. Since
EuLITE did not show any benefit in patients with multiple myeloma
and biopsy-proven myeloma cast nephropathy (17, 24), a control
group with an HE-HD was not even intended.

Some further limitations of our study deserve discussion. First, this
a relatively small single-center study, and it included a cohort of
patients mainly with an identical chemotherapy regimen (bortezomib-
based chemotherapy) according to recent guidelines and the
recommendations of the International Myeloma Working Group
(16). Our results are in line with the findings of Ramos Terrades
et al. who used a large pore size (BK F PMMA, Toray Japan)
membrane with the same intention. At the same time, these authors
showed that, as expected, HF-HD had no effect on the recovery of
kidney function (27). Secondly, a renal biopsy necessary to confirm a
CAST nephropathy was not performed in all cases. HD with MCO
membrane filtration was indicated clinically by high serum levels of
FLCs—kappa or lambda—and concurrent AKI while eliminating
alternative diagnosis. Third, in the abovementioned dialysis setting,
we could not separate the effect of chemotherapy vs. that of the
extracorporeal removal of FLC kappa and lambda.

Conclusion

Extracorporeal FLC elimination in multiple myeloma patients
with straightforward MCO-HD can remove both FLC kappa and
lambda subtypes from circulation. In order to improve renal
outcome, the time of initiation is critical. In combination with
chemotherapy, MCO-HD improves kidney function and reduces
renal damage. MCO-HD is as effective as the largely abandoned
HCO-HD at a far lesser expense and with fewer side effects. Needless
to say, randomized clinical trials and clinical study registers with
large cohorts would be necessary to confirm our results. Our
data indicate that rapid FLC removal by simple tools is possible
and should thus not be denied to MM patients with acute
kidney failure.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Oncology

10.3389/fonc.2023.1193504

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the University Hospital rechts der Isar of the
Technical University of Munich. The studies were conducted in
accordance with the local legislation and institutional requirements.
The Ethics Committee/Institutional Review Board waived the
requirement of written informed consent for participation from
the participants or the participants’ legal guardians/next of kin
because an (extended) ethics vote was not necessary for this study
since data were collected for routine purposes; a waiver statement
by the Ethics Committee was obtained (number 2/22 S-KH).

Author contributions

CK contributed to the research idea and study design. CWS, CK are
responsible for data collection. CWS, MB and CHL contributed to data
analysis and statistics. CWS and CK were mainly involved in writing the
manuscript. FP has provided histological images. Each author
contributed in critical revision of the article. All authors contributed
to the article and approved the submitted version.

Acknowledgments

The authors thank all the staff members of the Nephrology,
Hematology, and Clinical Chemistry Department of the University
Hospital rechts der Isar. Also, they thank Giinter Frick and
Dominik Setzler for their advice in laboratory data extraction,
analysis, and visualization.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1193504/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1193504/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1193504/full#supplementary-material
https://doi.org/10.3389/fonc.2023.1193504
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Schaaf et al.

References

1. Courant M, Orazio S, Monnereau A, Preterre ], Combe C, Rigothier C. Incidence,
prognostic impact and clinical outcomes of renal impairment in patients with multiple
myeloma: a population-based registry. Nephrol Dial Transplant (2021) 36(3):482-90. doi:
10.1093/ndt/gfz211

2. Hutchison CA, Heyne N, Airia P, Schindler R, Zickler D, Cook M, et al.
Immunoglobulin free light chain levels and recovery from myeloma kidney on
treatment with chemotherapy and high cut-off haemodialysis. Nephrol Dial
Transplant (2012) 27(10):3823-8. doi: 10.1093/ndt/gfr773

3. Dimopoulos MA, Terpos E, Chanan-Khan A, Leung N, Ludwig H, Jagannath S,
et al. Renal impairment in patients with multiple myeloma: A consensus statement on
behalf of the international myeloma working group. J Clin Oncol (2010) 28(33):4976—
84. doi: 10.1200/JC0O.2010.30.8791

4. Zannetti BA, Zamagni E, Santostefano M, De Sanctis LB, Tacchetti P, Mancini E,
et al. Bortezomib-based therapy combined with high cut-off hemodialysis is highly
effective in newly diagnosed multiple myeloma patients with severe renal impairment.
Am ] Hematol (2015) 90(7):647-52. doi: 10.1002/ajh.24035

5. Sanders PW, Booker BB. Pathobiology of cast nephropathy from human Bence
Jones proteins. J Clin Invest (1992) 89(2):630-9. doi: 10.1172/JCI115629

6. Hutchison CA, Batuman V, Behrens J, Bridoux F, Sirac C, Dispenzieri A, et al. The
pathogenesis and diagnosis of acute kidney injury in multiple myeloma. Nat Rev
Nephrol (2011) 8(1):43-51. doi: 10.1038/nrneph.2011.168

7. Bridoux F, Carron PL, Pegourie B, Alamartine E, Augeul-Meunier K, Karras A,
et al. Effect of high-cutoff hemodialysis vs conventional hemodialysis on hemodialysis
independence among patients with myeloma cast nephropathy: A randomized clinical
trial. JAMA (2017) 318(21):2099-110. doi: 10.1001/jama.2017.17924

8. Haynes RJ, Read S, Collins GP, Darby SC, Winearls CG. Presentation and survival of
patients with severe acute kidney injury and multiple myeloma: a 20-year experience from a
single centre. Nephrol Dial Transplant (2010) 25(2):419-26. doi: 10.1093/ndt/gfp488

9. Hutchison CA, Bradwell AR, Cook M, Basnayake K, Basu S, Harding S, et al.
Treatment of acute renal failure secondary to multiple myeloma with chemotherapy
and extended high cut-off hemodialysis. Clin ] Am Soc Nephrol (2009) 4(4):745-54. doi:
10.2215/CJN.04590908

10. Tanner GA, Evan AP. Glomerular and proximal tubular morphology after single
nephron obstruction. Kidney Int (1989) 36(6):1050-60. doi: 10.1038/ki.1989.300

11. Clark WF, Stewart AK, Rock GA, Sternbach M, Sutton DM, Barrett BJ, et al. Plasma
exchange when myeloma presents as acute renal failure: a randomized, controlled trial. Ann
Intern Med (2005) 143(11):777-84. doi: 10.7326/0003-4819-143-11-200512060-00005

12. Leung N, Gertz MA, Zeldenrust SR, Rajkumar SV, Dispenzieri A, Fervenza FC,
et al. Improvement of cast nephropathy with plasma exchange depends on the
diagnosis and on reduction of serum free light chains. Kidney Int (2008) 73
(11):1282-8. doi: 10.1038/ki.2008.108

13. Bridoux F, Leung N, Belmouaz M, Royal V, Ronco P, Nasr SH, et al.
Management of acute kidney injury in symptomatic multiple myeloma. Kidney Int
(2021) 99(3):570-80. doi: 10.1016/j.kint.2020.11.010

14. Boschetti-de-Fierro A, Voigt M, Storr M, Krause B. MCO membranes: enhanced
selectivity in high-flux class. Sci Rep (2015) 5:18448. doi: 10.1038/srep18448

Frontiers in Oncology

09

10.3389/fonc.2023.1193504

15. Cucchiari D, Reverter E, Blasco M, Molina-Andujar A, Carpio A, Sanz M, et al.
High cut-off membrane for in-vivo dialysis of free plasma hemoglobin in a patient with
massive hemolysis. BMC Nephrol (2018) 19(1):250. doi: 10.1186/s12882-018-1051-x

16. Dimopoulos MA, Sonneveld P, Leung N, Merlini G, Ludwig H, Kastritis E, et al.
International myeloma working group recommendations for the diagnosis and
management of myeloma-related renal impairment. J Clin Oncol (2016) 34
(13):1544-57. doi: 10.1200/JC0O.2015.65.0044

17. Hutchison CA, Cockwell P, Moroz V, Bradwell AR, Fifer L, Gillmore JD, et al.
High cutoff versus high-flux haemodialysis for myeloma cast nephropathy in patients
receiving bortezomib-based chemotherapy (EuLITE): a phase 2 randomised controlled
trial. Lancet Haematol (2019) 6(4):e217-€28. doi: 10.1016/52352-3026(19)30014-6

18. Gerth HU, Pohlen M, Gorlich D, Tholking G, Kropff M, Berdel WE, et al. Impact
of high-cut-off dialysis on renal recovery in dialysis-dependent multiple myeloma
patients: results from a case-control study. PloS One (2016) 11(5):e0154993. doi:
10.1371/journal.pone.0154993

19. Knudsen LM, Hjorth M, Hippe E. Renal failure in multiple myeloma:
reversibility and impact on the prognosis. Nordic Myeloma Study Group Eur |
Haematol (2000) 65(3):175-81. doi: 10.1034/j.1600-0609.2000.90221.x

20. Bachmann U, Schindler R, Storr M, Kahl A, Joerres A, Sturm I. Combination of
bortezomib-based chemotherapy and extracorporeal free light chain removal for
treating cast nephropathy in multiple myeloma. NDT Plus (2008) 1(2):106-8. doi:
10.1093/ndtplus/sfm053

21. Hutchison CA, Cockwell P, Reid S, Chandler K, Mead GP, Harrison J, et al.
Efficient removal of immunoglobulin free light chains by hemodialysis for multiple
myeloma: in vitro and in vivo studies. ] Am Soc Nephrol (2007) 18(3):886-95. doi:
10.1681/ASN.2006080821

22. Hutchison CA, Cockwell P, Stringer S, Bradwell A, Cook M, Gertz MA, et al.
Early reduction of serum-free light chains associates with renal recovery in myeloma
kidney. J Am Soc Nephrol (2011) 22(6):1129-36. doi: 10.1681/ASN.2010080857

23. Curti A, Schwarz A, Trachsler ], Tomonaga Y, Ambuhl PM. Therapeutic efficacy
and cost effectiveness of high cut-off dialyzers compared to conventional dialysis in
patients with cast nephropathy. PloS One (2016) 11(7):¢0159942. doi: 10.1371/
journal.pone.0159942

24. Finkel KW, Gallieni M. Extracorporeal removal of light chains: new data and
continued controversies. Clin ] Am Soc Nephrol (2018) 13(11):1753-4. doi: 10.2215/
CJN.05100418

25. Kaplan B, Livneh A, Sela BA. Immunoglobulin free light chain dimers in human
diseases. ScientificWorldJournal (2011) 11:726-35. doi: 10.1100/tsw.2011.65

26. Heyne N, Denecke B, Guthoff M, Oehrlein K, Kanz L, Hiring HU, et al.
Extracorporeal light chain elimination: high cut-off (HCO) hemodialysis parallel to
chemotherapy allows for a high proportion of renal recovery in multiple myeloma
patients with dialysis-dependent acute kidney injury. Ann Hematol (2012) 91(5):729—
35. doi: 10.1007/s00277-011-1383-0

27. Terrades NR, Senin A, Azancot MA, Gironella M, Toapanta N, Bermejo S, et al.
Role of light chain clearance in the recovery of renal function in multiple myeloma:
another point of view. Clin Kidney J (2023) 16(6):1014-21. doi: 10.1093/ckj/sfad022

frontiersin.org


https://doi.org/10.1093/ndt/gfz211
https://doi.org/10.1093/ndt/gfr773
https://doi.org/10.1200/JCO.2010.30.8791
https://doi.org/10.1002/ajh.24035
https://doi.org/10.1172/JCI115629
https://doi.org/10.1038/nrneph.2011.168
https://doi.org/10.1001/jama.2017.17924
https://doi.org/10.1093/ndt/gfp488
https://doi.org/10.2215/CJN.04590908
https://doi.org/10.1038/ki.1989.300
https://doi.org/10.7326/0003-4819-143-11-200512060-00005
https://doi.org/10.1038/ki.2008.108
https://doi.org/10.1016/j.kint.2020.11.010
https://doi.org/10.1038/srep18448
https://doi.org/10.1186/s12882-018-1051-x
https://doi.org/10.1200/JCO.2015.65.0044
https://doi.org/10.1016/S2352-3026(19)30014-6
https://doi.org/10.1371/journal.pone.0154993
https://doi.org/10.1034/j.1600-0609.2000.90221.x
https://doi.org/10.1093/ndtplus/sfm053
https://doi.org/10.1681/ASN.2006080821
https://doi.org/10.1681/ASN.2010080857
https://doi.org/10.1371/journal.pone.0159942
https://doi.org/10.1371/journal.pone.0159942
https://doi.org/10.2215/CJN.05100418
https://doi.org/10.2215/CJN.05100418
https://doi.org/10.1100/tsw.2011.65
https://doi.org/10.1007/s00277-011-1383-0
https://doi.org/10.1093/ckj/sfad022
https://doi.org/10.3389/fonc.2023.1193504
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Extracorporeal light-chain elimination in myeloma with simple medium cutoff membrane hemodialysis: a retrospective cohort study
	Introduction
	Materials and methods
	Study design
	Data collection
	Statistical methods

	Results
	Patient characteristics
	Effect of MCO- vs. HCO-HD regarding FLC concentrations
	Effect of MCO- and HCO-HD sessions
	Effect of single MCO-HD
	Effect of single MCO-HD on FLC concentrations in different MM subgroups
	Effects on dialysis dependency and kidney function
	Effect of single MCO-HD on serum concentration of immunoglobulins, total protein, and LDH

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


