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rapid reduction of sFLC levels. Introduction of the pro-
teasome inhibitor bortezomib has significantly improved 
the response rates in multiple myeloma due to its ability 
to rapidly reduce sFLC levels and has been referred to as 
“renoprotective” therapy. As an adjunct to chemotherapy, 
several new extracorporeal techniques have raised interest 
as a further means to reduce sFLC concentrations in the 
treatment of CN. Whether addition of extracorporeal ther-
apies to renoprotective therapy can result in better renal 
recovery is still a matter of debate and there are currently 
no guidelines in this field. In this positon paper, we offer 
an overview of the available data and the authors’ perspec-
tives on extracorporeal treatments in CN.

Keywords  Acute kidney injury (AKI) · Multiple 
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Introduction

Multiple myeloma (MM) is characterized by a malignant 
proliferation of plasma cells associated with production 
and release of intact immunoglobulins and/or serum free 
light chains (sFLC). The disease has heterogeneous clinical 
manifestations, and both acute and chronic kidney disease 
(CKD) represent one of the most frequent complications. 
The incidence of renal disease is not precisely determined, 
but up to 50 % of patients may develop renal involvement 
during the course of the disease [1, 2]. The most serious 
complication is dialysis-requiring acute kidney injury (AKI) 
(1–13 %) [3], caused in >90 % of cases by cast nephropathy 
(CN). In MM patients, massive production of sFLC over-
whelms the absorptive capacity of the proximal tubule lead-
ing to both intratubular obstruction of the distal tubules as 

Abstract  Acute kidney injury (AKI) is a frequent com-
plication of multiple myeloma and is associated with 
increased short-term mortality. Additionally, even a single 
episode of AKI can eventually lead to end-stage renal 
disease (ESRD), significantly reducing quality of life and 
long-term survival. In the setting of multiple myeloma, 
severe AKI (requiring dialysis) is typically secondary 
to cast nephropathy (CN). Renal injury in CN is due to 
intratubular obstruction from precipitation of monoclonal 
serum free light chains (sFLC) as well as direct tubular 
toxicity of sFLC via stimulation of nuclear factor (NF)κB 
inflammatory pathways. Current mainstays of CN treat-
ment are early removal of precipitating factors such as 
nephrotoxic drugs, acidosis and dehydration, together with 
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amount, with the greatest portion of sFLC distributed in 
the extravascular compartment. To describe sFLC kinetics, 
Hutchison et al. in 2007 [14] proposed a two-compartment 
mathematical model of FLC production, distribution, and 
removal in multiple myeloma. In this model, constant sFLC 
flow between intra- and extravascular compartments was 
reported 2.15 × 10−2/min, while constant FLC flow between 
extra and intravascular compartments was 4.3 × 10−3/min. 
Thus, the authors could simulate sFLC removal in differ-
ent settings, demonstrating that, even with a 100 % tumor 
killing on day 1 of chemotherapy, the isolated reticuloen-
dothelial removal of sFLC would take at least 15 days in 
a patient with 10 g/l sFLC. On the other hand, extracorpo-
real removal alone, without efficient tumor killing, could 
not reduce sFLC concentrations due to high production by 
the tumoral mass and rapid rebound between compartments 
[14].

Cast nephropathy treatment

Precipitating factors

Patients presenting with CN usually have been exposed to 
precipitating factors, including medications (e.g. non-ste-
roidal anti-inflammatory agents, and antibiotics) and under-
lying conditions such as dehydration, iodinated contrast 
media exposure, and hypercalcemia, which exert either a 
direct tubule-interstitial toxicity or increase the concentra-
tion of sFLC in the distal nephron. In such circumstances, 
these medications should be withdrawn and underlying 
conditions appropriately treated, aiming at recovery of renal 
function. The mainstay of therapy is volume repletion, cor-
rection of metabolic acidosis, and maintenance of a high 
urinary volume, tailoring the use of diuretics to the patient’s 
needs [15].

Chemotherapy in patients with renal injury

Recent epidemiological data of newly diagnosed MM 
showed that the frequency of AKI was unchanged over dif-
ferent time periods, while both hematological response and 
overall survival of patients with severe renal failure signifi-
cantly improved over the past decade [16]. This improve-
ment was attributed to the recent introduction of novel 
highly active chemotherapeutic agents.

Dimopoulos et al. [17] recently evaluated in an obser-
vational study the role of the novel agents targeting the 
myeloma clone in its bone marrow microenvironment, 
namely thalidomide, bortezomib and lenalidomide, in the 
management of MM patients presenting with kidney dam-
age. This analysis showed that all drugs induced a sig-
nificant improvement in renal function with superiority of 

well as direct proximal tubular injury through the nuclear 
factor (NF)κB pathway [4]. Among patients with AKI, the 
rate of renal function recovery traditionally has been poor, 
correlating to inferior survival [5, 6]. On the other hand, 
patients obtaining recovery of renal function and indepen-
dence from renal replacement therapy (RRT) have a better 
outcome, similar to those with normal renal function [7–9]. 
Knowledge of the molecular mechanisms that favor sFLC 
precipitation in renal tubules is increasing, leading to dif-
ferent therapeutic scenarios [4]. Nevertheless, so far, an 
aggressive reduction of sFLC is still the major goal in pre-
venting and treating CN.

Therefore, severe AKI in MM must be considered a med-
ical emergency in which all efforts should focus on early 
renal recovery to improve patients’ survival. Recently, new 
therapeutic approaches have been proposed using novel 
drugs possibly combined with extracorporeal removal of 
sFLC. A recent analysis [9] showed that adjusted incident 
rates of end-stage renal disease (ESRD) from MM declined 
by nearly 20 % between 2001 and 2002 and 2009–2010 in 
the US, a trend that was largely independent of major demo-
graphic characteristics. Mortality rates for MM were much 
higher than for other causes of ESRD, especially in the first 
year of dialysis, but the likelihood of death declined by 28 % 
from 2001–2002 to 2009–2010. Together, these data sup-
port the conclusion that the addition of aggressive treatment 
of CN with bortezomib may have contributed to these out-
comes, but the combined efficacy of bortezomib treatment 
and sFLC removal compared to bortezomib alone needs to 
be further investigated.

In this Position paper, we offer an overview and the 
authors’ perspectives on the available evidence in the field 
of extracorporeal sFLC removal, focusing in particular on 
the selection of eligible patients, technological aspects of 
the different devices, and timing for treatment initiation.

Production and intracorporeal catabolism of sFLC

In normal immunoglobulin synthesis, plasma cells produce 
an excess of sFLC that are released into the circulation. Nor-
mally sFLC are filtered by the glomerulus and endocytosed 
and metabolized by the proximal tubules, while a smaller 
portion is metabolized by the reticuloendothelial system. 
In physiological conditions, k and λ sFLC have a half-life 
of 2–4, and 3–6 h, respectively, increasing up to 3 days in 
patients with no renal function. Therefore, reticuloendothe-
lial clearance can be calculated as 1.6 × 10−4/min [10–12].

sFLC are relatively small protein molecules (κ 25 kD and 
λ 50 kD), with similar concentrations in serum, the extra-
vascular compartment, and tissue edema fluid, similar to 
other molecules of the same size [13]. Thus, the intravas-
cular compartment may contain only 15–20 % of the total 
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some concerns were raised about the safety of biopsy in 
MM patients due to presumed coagulation abnormali-
ties. Nevertheless, several case series reported that the 
procedure is generally safe with the same rate of adverse 
events as the general population [29–31]. The importance 
of renal biopsy goes beyond its diagnostic value, since it 
may also provide evidence that further treatment may be 
of no or rather limited value if renal parenchymal dam-
age is deemed to be extensive and/or irreversible [32]. A 
recent report [31] correlated baseline renal pathological 
findings with kidney outcomes in a large cohort of MM 
patients with CN showing that the presence of numerous 
casts and diffuse tubular atrophy is associated with poor 
renal prognosis.

Patient selection criteria for consideration of initiation of 
extracorporeal removal of sFLC are summarized in Table 2.

bortezomib in comparison to thalidomide and lenalidomide 
(renal recovery in 77, 55 and 43 % of cases respectively). 
In a multivariate analysis, bortezomib-based therapies were 
independently associated with a higher probability of renal 
response, and renal response occurred faster than with other 
drugs, the median time to renal response being 1.3 months 
vs 2.7 and 6  months for thalidomide and lenalidomide-
treated patients respectively.

A bortezomib-containing regimen is thus considered the 
treatment of choice for MM patients presenting with AKI 
[18]. Advantages of bortezomib include rapid anti-MM 
activity as well as its unique effect on renal tubular cells. 
Bortezomib potently inhibits NF-kB pathways reducing 
the release of local inflammatory cytokines and induces 
anti-apoptotic pathways specific for tubular cells [19]; 
moreover, bortezomib metabolism is unaffected by renal 
function so it can be safely administered at full doses to 
patients with renal function impairment [20, 21]. In a sub-
study of the VISTA trial comparing velcade (bortezomib)-
melphalan-prednisone (VMP) with melphalan-prednisone 
(MP), the complete response rates were significantly bet-
ter with VMP than MP. In the VMP arm there were no 
observed differences in response rates across cohorts 
based on the severity of renal impairment [22]. In the 
HOVON-65/GMMG-HD4 trial even patients with a base-
line serum creatinine ≥2  mg/dl who were randomized 
to receive bortezomib, adriamycin and dexamethasone 
(PAD) versus vincristine, adriamycin and dexamethasone 
(VAD) had a significantly longer 3-year overall survival 
(74 % vs. 34 %, respectively) [23]. Although these trials 
did not include dialysis-dependent AKI, it is reasonable 
to extrapolate these results to the AKI-dialysis dependent 
population affected by CN.

Indications for extracorporeal removal of sFLC

Patient stratification and selection

All patients with plasma cell dyscrasias and renal disease 
should be stratified according to the type of renal involve-
ment. Only CN should be regarded as a myeloma-defining 
event [24] while all other forms of renal injury represent 
unique disease states not always caused by MM [25, 26]. 
Identification of CN is now possible by combining sev-
eral techniques including urinalysis, serum and urine 
electrophoresis/immunofixation, sFLC levels, and kidney 
biopsy [4, 27]. Proteinuria analysis (urinary electropho-
resis with immune-fixation, Bence Jones proteinuria, and 
albuminuria quantification) [28, 29] can be used to guide 
the management of a patient with renal injury and a mono-
clonal protein [4] (Table 1). Where diagnostic uncertainty 
remains, assessment of histology is essential. In the past, 

Table 1  Combination of sFLC plasma levels and albuminuria to sup-
port diagnosis and kidney biopsy indication in plasma cell dyscrasias

Clinical diagnosis

sFLC 
level

With gross 
albuminuria

With mild or absent albuminuria

≥500 
(mg/l)

LCDD* or AL 
amyloidosis*

If AKI con-
sider cast 
nephropathy

If CKD con-
sider LCDD* 
or AL amy-
loidosis* or 
fanconi*

<500 
(mg/l)

LCDD* or AL 
amyloidosis*

Incidental MGUS

AKI acute kidney injury, AL amyloidosis amyloid light-chain amy-
loidosis, CKD chronic kidney disease, LCDD light chain deposition 
disease, MGUS monoclonal gammopathy of uncertain significance, 
sFLC serum free light chains
*Hematological work up and kidney biopsy highly recommended

Table 2  Patient selection criteria for extracorporeal removal of sFLC

Treatment indications
Severe acute kidney injury (AKI stage 3 [KDIGO])
Cast nephropathy (suspected or biopsy proven)
sFLC ≥ 500 mg/l
Eligibility for chemotherapy with aim of remission

All conditions must be met to expect benefit from extracorporeal 
treatment for sFLC removal

Treatment contraindications
Histological forms other than cast nephropathy
Poor general prognosis in the short term

Conditions requiring careful evaluation for defining treatment 
indication
Delayed AKI diagnosis (>1 month)
Unstable cardiovascular condition
Recurrent multiple myeloma
Eligibility only for slowly acting chemotherapies
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each situation should be individually assessed for the need 
for extracorporeal treatment.

Dialysis timing and dose

Timing of initiation and duration of extracorporeal 
treatment

The Authors’ opinion is that extracorporeal treatment must 
be started rapidly in the very first days if correction of com-
mon precipitating causes of renal failure has not resulted in 
recovery of renal function. Treatment should be continued 
as long as chemotherapy significantly affects sFLC produc-
tion [33–35]. For this reason, sFLC concentrations should 
be used as an indicator of tumor killing activity of chemo-
therapy and a guide to treatment duration. Nevertheless, 
treatments can be interrupted if signs of renal recovery are 
observed independently of changes in sFLC levels.

Treatment scheduling

According to the theoretical two compartment model, sFLC 
are distributed mainly in the extravascular compartment 
[14]. Unlike other molecules with a similar distribution, 
sFLC have some unusual characteristics. The sFLC pro-
duction rate is not constant since it depends on the activ-
ity of the neoplastic disease (which varies greatly between 
patients) and the effectiveness of chemotherapy. Neverthe-
less, given a theoretical high degree of production and a 
large volume of distribution, extracorporeal sessions should 
be either regular (4 h) or long/extended (8 h) on a daily basis 
for the first 7–12 days of treatment. Such schedules are the 
most commonly reported in retrospective studies on sFLC 
removal [14]. Currently ongoing clinical trials are using 
daily long (6–8 h) sessions within the first 12 days, except 
for chemotherapy days. Recently, Zannetti et al. [34] also 
reported efficacy of sFLC reduction using a regular dialysis 
schedule (three times a week) combined with bortezomib-
based therapy. Notably, this was a prospective study with 
no control group, and a direct comparison with other treat-
ments schedules is lacking.

Goals of treatment

The main treatment goal is to achieve the highest reduction 
of sFLC and to minimize the effects of rebound between 
treatment sessions. The degree of sFLC reduction in the first 
21 days of treatment is linearly predictive of renal recovery 
suggesting that the reduction of sFLC is a good target on 
which to adjust treatment intensity and length [35]. For this 
reason, if no response is seen (according to sFLC levels), 
withdrawal of extracorporeal therapy should be considered 
after 21  days. Contrarily, if significant sFLC reduction is 

Type, onset, and degree of kidney injury

Only highly suspected or biopsy-proven CN should be con-
sidered for extracorporeal sFLC removal to reduce the rate 
of cast formation and prevent further kidney damage. All 
other forms of sFLC-mediated nephropathies do not repre-
sent an indication for sFLC clearance. Since CN is usually 
an acute event, time of onset is one selection criterion. In 
addition, the decision to treat the patient should also take 
into account the level of pre-existing renal function and 
renal biopsy characteristics since previous renal failure and 
presence of renal sclerosis negatively affect renal recovery 
[31, 32].

The available evidence also supports initiating sFLC 
removal in those patients in whom dialysis is already indi-
cated either to treat AKI or to control volume and electro-
lyte disorders. Some authors [33, 34] recommend broader 
indications, proposing intervention for all patients with evi-
dence of progressive AKI stage 3 [Kidney Disease Improv-
ing Global Outcomes (KDIGO) 2012], independently of 
estimated glomerular filtration rate (eGFR) values, in order 
to remove the burden of sFLC. This aspect is highly contro-
versial; therefore, we suggest to use common dialysis indi-
cations for starting extracorporeal removal therapies.

Chemotherapy

Extracorporeal sFLC removal must be considered as a 
supportive treatment to chemotherapy; therefore, patients 
should be eligible for onco-hematological treatment with 
the aim of disease remission. Without chemotherapy, extra-
corporeal sFLC removal is ineffective since the amount of 
released sFLC cannot be efficiently cleared by any available 
technique if production is not rapidly blunted.

sFLC basal levels

Cast nephropathy is usually associated with sFLC levels 
>500–1000 mg/l. In the presence of sFLC < 500 mg/l, diag-
nosis of CN should be carefully reconsidered and chemo-
therapy alone should be sufficient to obtain a rapid reduction 
of sFLC without the need of extracorporeal removal.

Time between AKI and cast nephropathy diagnosis

Any delay in diagnosis and treatment greatly reduces the 
probability of kidney recovery. When diagnosis of MM 
is delayed after severe AKI onset, patients will likely not 
benefit from extracorporeal treatments. In these cases, renal 
biopsy can give a better understanding of the degree of 
damage and chronicity [31, 32]. Moreover, if AKI is associ-
ated with recurrent MM, the possibility of renal recovery is 
reduced in comparison to de novo myeloma. In these cases, 
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different treatments, and information about clearance or 
percentage removal are not always reported. We have sum-
marized the available information, to the best of our knowl-
edge, about the efficacy of different devices (Table 3), while 
in Table 4 we describe the clinical evidence for each type of 
reported treatment.

Plasmapheresis

Until recently, plasmapheresis was the only extracorporeal 
technique used in CN treatment to remove sFLC through 
complete plasma substitution. Several retrospective obser-
vational studies and randomized controlled trials (RCTs) on 
its efficacy are available, but the quality of the data is poor 
and inadequate to draw definitive conclusions. Three RCTs 
were performed between 1988 and 2005 [38–40] in patients 
with AKI of varying degrees due to MM. Zucchelli et al. 
[38] found plasmapheresis to be effective in improving total 
and renal survival, while Johnson et al. [39] showed only an 
advantage on renal recovery in more severe renal failure. In 
the study by Clark et al. [40], the largest to date, no positive 
effects of plasmapheresis were observed on overall or renal 
survival. Similar results were obtained by other investiga-
tors in a retrospective analysis in single center [41], while 

achieved (at least >60 % reduction) but renal function does 
not recover it is reasonable to stop specific sFLC removal 
therapies and convert to standard dialysis treatments. It is 
known that renal recovery may occur months after chemo-
therapy initiation. Extracorporeal treatments should be inter-
rupted when signs of renal recovery (i.e. restoral of active 
diuresis or appearance of polyuria, interdialytic spontane-
ous reduction of serum creatinine) appear independently of 
sFLC reduction.

Available tecniques for extracorporeal removal of 
sFLC

sFLC are relatively small protein molecules (κ 25 kD and λ 
50 kD) that accumulate in patients as renal function declines 
and are included in the extensive list of uremic toxins [36]. 
Due to their molecular weight, typical high flux dialyzers are 
unable to remove these molecules as shown by both in vitro 
and in vivo experiments [14, 37]. Therefore, extracorporeal 
clearance of sFLC can only be achieved through dialyzers 
with either higher molecular cut-off values (high cut-off 
and/or plasma exchange dialyzers) or with specific adsorp-
tion properties. No studies have compared the efficacy of 

In vivo

Treatments 
(n)

Clearances (ml/min) % removal 

κ λ κ λ κ λ

HCO1100 36a 38a 18.9 (11.6–30.4) 14.6 (13.5–28.5) 43.9 (35.1–7.9) 53.8 (23.6–66.4)
THERALITE 135b 102b 37.95 (33-42.9) 25.5 61.55 (40–81) 68.91 (51-80.4)
EADf 16c 10c NA NA 32.05 53.1
HFRSUPRAf 40d 26d NA NA 54.2 (45.4–63.4) 36.7 (35.3–38.1)
CPFAf NA NA NA NA 41.4 ± 5.7e

In vitro

Clearances (ml/min) % removal

κ λ κ λ

HCO1100 35.1 (7.5–50.9) 32.2 (19.1–45.9) 95.5 94
THERALITE NA NA NA NA
EADf 0.59 (0.02–1.6) 0.47 (0.02–1.4) 81.5 78
HFRSUPRAf NA NA NA NA
CPFAf NA NA NA NA
Data are reported as average and range (where available) of the total treatment described in the literature
NA not available
aRef [14]
bRef [14–46] including studies with either theralite or two HCO1100 in series
cRef [57, 58]
dRef [55, 56]
eRef [61]
fAdsorption measured only by percentage removal, clearance cannot be measured

Table 3  Data on in vivo and 
in vitro efficacy of different 
dialytic methods
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its efficacy. Altogether, these data suggest that plasmapher-
esis cannot be recommended since it does not provide renal 
replacement and efficacy may be limited by great inter-
treatment rebounds.

High cut-off dialyzers

In recent years, improvements in dialyzer technology have 
led to filters with increased pore size and sieving coeffi-
cients approximating that of the glomerular capillary wall. 
Such membranes have high permeability for substances in 
the molecular weight range of 15–45 kDa with retention of 
larger proteins with molecular weights greater than 60 kDa. 
These dialyzers were initially designed to remove inflam-
matory cytokines in septic shock but can also efficiently 
remove molecules such as sFLC. Hutchison et al. first 
described high cut-off (HCO) membrane properties in vitro 
and in vivo compared to other high flux membranes in clini-
cal use [14]. The results indicated that the new membrane 
had improved clearance of sFLC through both diffusive and 
convective mechanisms. The in vitro clearance was reported 
to be 35.1 ml/min (range 7.5–50.9) and 32.2 ml/min (range 
19.1–45.9) for k and λ sFLC, respectively. There are several 
reports on the use of HCO dialysis in CN [34, 35, 44–51]. 
In an international retrospective analysis, Hutchison et al. 
reported data from 67 patients with MM dialysis-dependent 
renal failure in nine countries [35]. Almost 60 % of patients 
underwent kidney biopsy and CN was found in 87 % of 

opposite data are reported from other institutions [42]. A 
new RCT (the Myeloma Renal Impairment Trial, MERIT) 
was designed in 2008 to enroll 280 patients to better eluci-
date the role of plasmapheresis in CN. The study closed due 
to difficult recruitment. After enrolment of only 79 patients, 
negative results were reported in abstract form [43]. Besides 
limits in the studies’ design and statistical power, the main 
limitation of the RCTs is the absence of evaluation of 
plasma-exchange efficacy. In fact, sFLC assays became 
available only recently, making it impossible to determine 
in these initial trials the adequacy of sFLC reduction com-
bining chemotherapy and extracorporeal removal. In 2008, 
Leung et al. [33] performed a retrospective study in which 
effectiveness of plasmapheresis was tested in biopsy proven 
CN and sFLC levels were available. Interestingly, this study 
showed that the vast majority of the patients resolved their 
renal disease when the sFLC levels were reduced by 50 % 
or more. In patients without CN, renal recovery occurred 
independently of reductions in sFLC levels. Although ret-
rospective, this study provided for the first time information 
to guide treatments. Another important limitation regard-
ing plasmapheresis studies is that the drug regimens used 
to treat MM did not include the more effective proteasome 
inhibitor bortezomib. Therefore, translation of those results 
into the current clinical practice is not advisable. Moreover, 
plasmapheresis is a short-lasting treatment and its efficacy 
is limited to the intravascular compartment that may con-
tain only 15–20 % of the total sFLC, theoretically limiting 

Table 4  Comparison of all the available information about patients treated with extracorporeal removal of sFLC through HCO, EAD and HFR-
supra

Author [ref] year eGFR at starta Serum creatinine
(mg/dl)a

HD dependenceb Time to HD free (days)a N. sessionsa HD free %b

HCO1100
Hutchison [47] 2009 7 (3–13) 7.1 (4.3–15.0) 19/19 (100 %) – 14 (3–46) 75 % (15/20)
Heyne [49] 2012 7.0 (3.3–10.9) 6.8 (4.4–11.6) 19/19 (100 %) 15 (11–64) 6 (3–22) 73.7 % (14/19)
Hutchison [35] 2012 – 6.62 (±3.49) 67/67 (100 %) – 12.5 (3–45) 63 % (42/67)
Tan [45] 2014 – 4.5 (2.8–6.65) 6/6 (100 %) – 7.6 (2–14) 66.6 % (4/6)
Wennekers [48] 2015 9.2 (4.2–18.8) 6.9 (4.4–12.8) 100 % (13/13) – 11.6 (6–27) 77 % (10/13)
Zanetti [34] 2015 8 (3–35) 6.44 (1.98–17.2) 86 % (18/21) 32 (14–78) 17.25 76 % (17/28)
Gerth [50] 2016 – 4.4 (2.8–6.1) 73 % (31/42) – 8 (5–14.5) 83.3 %
Pernat [46] 2016 – 5.52 (±2.49) 100 % (28/28) – 4.7 (2–13) 61 % (17/28)

EAD
Fabbrini [59] 2014 9.7 (4.3–31.8) – 100 % (12/12) – 5 (1–8) 78 % (4/6)

HFR SUPRA
Ruiz de Mier [56] 2013 – 7.2 (4.3–12.5) 100 % (3/3) – – 33 % (1/3)
Pasquali [55] 2015 – 8.1 (6.5–9.7) 100 % (4/4) 15.6 (8–20) At least 8 75 % (3/4)

No data were available on CPFA treatment
HD hemodialysis
–�Information was missing in the study. In square brackets, the corresponding reference for each study
aData are reported as average and range
bData reported as percentage
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them to potential risks and increased cost. Although HCO 
dialysis seems to be a more efficient method to remove 
sFLC, no studies have properly compared different types of 
dialyzers and the superiority of a single membrane has not 
been demonstrated. Recently, Rousseau-Gagnon et al. [51] 
reported that hemodiafiltration with a heat sterilized high-
flux polyphenylene hemofilter could reduce only κ FLC 
similarly to HCO treatments. These results were derived 
from a retrospective comparison between HCO treatments 
obtained in just two patients versus polyphenylene treat-
ments in ten patients. Efficacy was measured by the percent 
reduction of sFLC levels; no clearance data were reported. 
Since the reduction rate can be influenced by patient vari-
ability, these results need to be confirmed in a properly 
designed study.

sFLC removal through adsorption

In addition to HCO dialysis and plasmapheresis, there are 
additional reports on the efficacy of other dialytic tech-
niques that mainly remove sFLC through a combination of 
convection and/or adsorption.

HFR-SUPRA

Hemodiafiltration with endogenous reinfusion (HFR) 
(BellCo, Mirandola, Italy) is a technique that combines con-
vection, diffusion, and adsorption in a single treatment. Its 

cases. Eighty-five percent of patients were treated with dif-
ferent regimens including dexamethasone in combination 
with novel agents (58 % received bortezomib). Extended 
(≥4 h) HCO dialysis was performed daily in 97 % of patients 
(median number of sessions was 11, range 3–45). A signifi-
cant rate of renal recovery was observed, with dialysis inde-
pendence in 63 % of patients. Logistic regression analysis 
indicated that only a sustained reduction in sFLC concentra-
tions by days 12 and 21 significantly increased the prob-
ability of renal recovery. In fact, the probability of achieving 
dialysis independence increased linearly with increasing 
levels of reduction in sFLC concentrations by day 12. Com-
pared to patients who achieved no reduction in serum FLC 
by day 12, a reduction of 75 % had an odds ratio of 52 for 
dialysis independence. Zannetti et al. published an observa-
tional prospective study in which all-consecutive patients 
(n = 21) with AKI and MM were treated with bortezomib-
based regimens together with intermittent HCO dialysis 
(minimum of six treatments in 2  weeks); the presence of 
CN was confirmed by biopsy in 71 % of patients [34]. In 
this population, dialysis independence was reached in 76 % 
of patients at a median time of 32 days; moreover, the 3-year 
progression-free survival was 76 % and the 3-year overall 
survival rate was 67 %. In contrast with the previous report, 
HCO dialysis was performed in both dialysis-dependent 
patients as well as those with less severe AKI. More recently, 
a single center retrospective experience reported superiority 
of HCO treatments in 42 patients in comparison to standard 
dialysis. A sustained sFLC response was detected in a sig-
nificantly higher proportion of HCO-HD patients (83.3 %) 
compared to conventional HD patients (29.4 %; p = 0.007). 
The corresponding rates of renal recovery were 64.3 and 
29.4 %, respectively (Chi squared test, p = 0.014) suggest-
ing superiority of this approach in comparison to standard 
therapy [50]. Although these studies differ in terms of popu-
lations and chemotherapy regimens, the results are similar 
and support the concept proposed by Leung et al. [33] that 
monitoring of sFLC is essential to guide treatment and to 
define the role of extracorporeal therapies. Two RCTs are 
now investigating the role of HCO membranes in this set-
ting [52, 53]. In both studies, dialysis-dependent patients 
with biopsy proven CN are treated with bortezomib-based 
therapies and either with HCO dialysis or standard dialysis 
for AKI. According to Clinicaltrial.gov, the recruitment sta-
tus of the Eulite study [52] is unknown, while the recruit-
ment of the Myre study [53] is over but the study is still 
ongoing (results should be presented in September 2017).

Treatment with HCO membranes has some drawbacks, 
including loss of albumin during treatment and high cost. 
Due to albumin loss these devices are mainly used in standard 
hemodialysis since convection with hemofiltration would 
significantly increase protein removal. Therefore, patients 
may require supplementation with human albumin exposing 

Fig. 1  Schematic representation of HFR-Supra circuit. As extensively 
described in the text, sFLC removal is obtained through adsorption 
into a small resin cartridge without albumin loss. Courtesy of BellCo, 
Italy
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protein-bound toxin adsorption while not removing albumin 
[54]. The molecular weight cut-off of the first membrane 
allows sFLC removal through convection into the ultrafil-
trate. The resin cartridge has significant affinity for sFLC 
[54] although the overall efficacy and adsorption limits have 
been poorly studied. In two small clinical series [55, 56], the 
reported removal rate was 51 % (range 38–63) with clear-
ances from 3.2 to 11.5 ml/min for λ sFLC and from 4.9 to 
15.3 ml/min for κ sFLC. Due to the small number of treated 
patients (n = 7) no clinical considerations can be drawn 
about the overall clinical utility of this treatment.

use has been recently modified with the introduction of a 
higher cut-off membrane as shown in Fig. 1. HFR-SUPRA 
uses a dual chamber dialyzer. The first chamber contains 
a “Super High Flux” polyphenylene membrane with a 
molecular weight cut-off of 42 kD, through which convec-
tion is performed. In the second chamber, there is a mem-
brane of low permeability where diffusion is carried out. 
The ultrafiltrate obtained in the first chamber passes through 
a resin cartridge where adsorption occurs and is then rein-
fused before the second chamber. This technique has been 
used in hemodialysis patients due to its high capacity of 

Fig. 2  PMMA enhanced 
adsorption dialysis (EAD) cir-
cuit. a Shows the configuration 
for the first 2 h of treatment,  
b for the second 2 h. Red line 
represents blood flow, while 
blue is fresh dialysate and yel-
low spent dialysate. Courtesy 
of Estor spa, Italy. (Color figure 
online)

 

Fig. 3  Description of coupled plasma filtration adsorption (CPFA) circuit. sFLC are removed through adsorption in a specific cartridge using 
polymer MD3. Courtesy of BellCo, Italy
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to this clinical condition. First, the ability to routinely and 
reliably measure sFLC levels in order to determine the effi-
cacy of therapy; second the improvement in dialyzer tech-
nology providing new devices that can effectively remove 
sFLC; and finally, the availability of highly effective non 
genotoxic drugs that can induce a rapid reduction of tumor 
burden and sFLC production.

Despite limited data and several controversial aspects, the 
authors propose that the current knowledge of the disease 
allows us to identify which subset of patients could ben-
efit from sFLC removal and how to guide these treatments. 
Specifically, treatments should only be used in patients with 
CN who are eligible for onco-hematological chemother-
apy preferably based on the proteasome inhibitor bortezo-
mib with the aim of sFLC rapid reduction. Several studies 
described in this review demonstrate effective removal of 
sFLC in patients with CN. The greatest experience is with 
HCO dialyzers (Theralite, Gambro-Baxter, Deerfield, IL, 
USA), which proved to be effective in experimental models 
and in vivo in various clinical settings [33–35]. In accor-
dance with these results, the International Myeloma Work-
ing group recently indicated HCO treatment in combination 
with anti-myeloma therapy for patients with myeloma with 
AKI as a result of CN with grade B evidence [63].

More recently, newer techniques have been developed 
to combine effective sFLC removal with albumin reten-
tion and lower cost. The most promising systems appear 
to be enhanced adsorption dialysis (EAD) [57, 58] with 
polymethylmethacrylate dialyzers (Toray Inc., Japan) and 
HFR-supra (BellCo, Italy) [55, 56]. EAD and HFR-supra 
are in fact easy techniques with reduced cost (€100 and 
€150 per treatment, respectively, compared to €800/treat-
ment for HCO) but, unfortunately, the available evidence 
is derived from a small number of patients usually treated 
in a single institution, for which no strong conclusions 
can be drawn.

Based on the available evidence, the Authors’ opinion is 
that a reasonable approach to cast nephropathy treatment 
would be a combination of different techniques based on 
using more efficient dialyzers on the first day of therapy 
(such as HCO dialysis) when sFLC levels are the highest, 
and subsequently changing to other techniques (EAD, HFR) 
when levels of sFLC start to decline with bortezomib-based 
chemotherapy [55]. We emphasize that such an approach 
should be guided by ongoing monitoring of sFLC levels 
that can clearly indicate if the treatment strategy is effec-
tive. While waiting for the results of ongoing RCTs, we can-
not state that the addition of extracorporeal sFLC removal 
to standard bortezomib-based chemotherapy is superior 
to chemotherapy alone. Nevertheless, it is reasonable that 
such treatments can be used in patients who already need 
dialysis either for AKI or to control volume and electrolyte 
disorders.

PMMA-EAD

Another technique recently described is enhanced adsorption 
dialysis (EAD) with PMMA BK-F 2.1 m2 (Toray Inc., Tokyo, 
Japan) dialyzers. This method is based on PMMA adsorption 
properties. Due to its symmetric and homogeneous structure, 
PMMA can adsorb molecules with a wide range of molecular 
weights, including sFLC. Hutchison et al. measured the capac-
ity of EAD to adsorb up to 2 g of sFLC during 4-h in vitro 
treatment [57]. Overall results were poor with a 23 % reduction 
of sFLC levels, likely due to fast saturation of the membrane 
adsorption capacity. Therefore, to increase adsorption efficacy 
a new circuit was designed that allows the use of two PMMA 
membranes in parallel (Fig. 2). The double-filter circuit uses 
two filters with Y-connectors for filter attachment and equal 
distribution of dialysis fluid. In two reports on the new circuit, 
the removal capacity in a single session increased to 33.1 % for 
κ and 53.1 % for λsFLC [57, 58]. A preliminary report [59] in 
12 patients showed good renal recovery with dialysis indepen-
dence at 1 year of 78 %. Further studies are awaited to better 
assess the clinical applicability of this treatment modality.

CPFA

Coupled plasma filtration adsorption (CPFA) is an extracorpo-
real blood purification method most commonly used in sep-
tic patients due to its high efficacy in adsorbing inflammatory 
mediators. CPFA consists of filtration, adsorption and hemo-
filtration (Fig. 3). During the filtration phase, plasma is sepa-
rated from blood using a plasma filter (MICROPES 0.45 m2 
polyethersulfone). This separated plasma then passes through a 
nonselective hydrophobic styrene resin cartridge with a macro-
porous structure characterized by an average bead diameter of 
75 µm, an average pore diameter of 30 nm and a surface area 
of 700 m2/g. Blood is subsequently reconstituted and dialyzed 
in a post-dilution mode through a synthetic, high-permeability, 
1.4 m2 polyethersulfone hemofilter. An in vitro study showed 
good efficacy of MDR3resins in adsorbing sFLC without albu-
min loss [60]. Clinical data on a series of eight patients reported 
a mean sFLC reduction of 41.4 ± 5.7 % after a single CPFA ses-
sion of 5 h [61]. The acute effect of CPFA treatment was also 
investigated in four patients with dialysis-dependent AKI and 
light chain MM who underwent 2–7 CPFA treatments of 5-h 
duration [62]. Similar removal rates of sFLC were observed. 
Nevertheless, strong evidence supporting CPFA use is still 
lacking and larger studies are needed to assess its clinical utility.

Conclusions

In this position paper, we have critically reviewed the role of 
sFLC extracorporeal removal during AKI in MM. In recent 
years, three major developments have changed the approach 
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