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Abstract Acute kidney injury (AKI) is frequent in multiple
myeloma (MM) patients and strongly affects prognosis,
with particularly poor outcomes in patients requiring hemo-
dialysis. Introduction of the novel therapeutic agents to MM
therapy has improved myeloma response and renal out-
come. This case series reviews the efficacy of combined
systemic and extracorporeal therapy to further optimize time
to light chain (serum-free light chain (sFLC)) reduction and
renal recovery in MM patients with dialysis-dependent AKI
(n019). High cut-off (HCO) hemodialysis for extracorpore-
al sFLC removal was initiated in parallel to chemotherapy.
Combined therapy resulted in early sFLC response after a
median of 13 (range 4–48) days and 6 (3–22) HCO hemodi-
alysis sessions. Time to sFLC response was shorter in patients
recovering renal function. Median time to dialysis indepen-
dence was 15 (4–64) days. By intent-to-treat analysis, sus-
tained renal recovery was achieved in 73.7% (77.8%
adjusted for death) of patients. In multivariate analysis,
duration of AKI prior to initiation of therapy was an
independent predictor of renal functional outcome. Combining
HCO hemodialysis for extracorporeal sFLC elimination and
effective chemotherapy is a novel treatment strategy allowing
for early and sustained sFLC reduction and a high proportion

of renal recovery in these patients. Timely diagnosis and onset
of therapy is essential for improving renal outcome.
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Introduction

Acute kidney injury (AKI) and renal failure are among themost
frequent and serious complications of multiple myeloma with
sustained impact on treatment and patient prognosis. Depend-
ing on definition criteria, up to 50% of patients demonstrate
AKI at primary diagnosis and up to another 25% of patients at
later time points of myeloma disease [1–5]. As much as 10% of
patients are in need of renal replacement therapy at primary
diagnosis [6]. In primary diagnosis and relapse, elevated serum
creatinine resulting from myeloma-associated renal injury is an
independent criterion for treatment initiation.

Various factors promote AKI in multiple myeloma
patients. In severe AKI, the principal underlying cause is
light chain-induced cast nephropathy, often with a preceding
trigger. Cast nephropathy accounts for around 70% of
dialysis-dependent AKI in multiple myeloma [7]. In the
kidney, monoclonal light chains are subject to free glomerular
filtration with subsequent proximal tubular reabsorption and
degradation. With excessive free light chain production in
multiple myeloma, proximal tubular load overwhelms reab-
sorption capacity with filtered light chains delivered to distal
nephron segments where they coaggregate with Tamm–
Horsfall protein to form light chain casts. The so formed
casts result in tubular luminal obstruction and occlusion
of the nephron [8–11]. A number of systemic and local
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factors promoting aggregate formation have been identified,
among them dehydration, hypercalcemia, and acidosis [12,
13]. At proximal tubular sites, high light chain load exerts
direct morphologic changes and promotes the release of proin-
flammatory cytokines. The inflammatory response of the
tubulointerstitium rapidly progresses to fibrosis and irrevers-
ible renal scarring [14]. Limiting exposure of the kidney to
nephrotoxic light chains is one of the most critical determi-
nants for recovery of renal function in cast nephropathy.

Impaired renal function has been recognized as a nega-
tive prognostic factor associated with decreased response,
shorter survival, and higher early mortality in patients trea-
ted with conventional chemotherapy [3, 5]. Prior to intro-
duction of the novel therapeutic agents, prognosis of
dialysis-dependent myeloma patients was poor with a me-
dian survival of 3–11 months [5, 15]. However, if renal
function recovered, survival was comparable to patients
without AKI [5]. Introduction of the novel therapeutic
agents has substantially shortened time to myeloma response
and improved patient outcome. Both, bortezomib- and
lenalidomide-based regimens, with a median reported time
to response of 42 days and one month, respectively, are highly
effective in treating myeloma in patients with impaired renal
function [16, 17]. Bortezomib is considered treatment of
choice for myeloma patients with impaired renal function,
including dialysis-dependent chronic kidney disease, as
published in the recent consensus statement of the Inter-
national Myeloma Working Group (IMWG) [18]. These
chemotherapy regimens provide the basis for novel treat-
ment strategies, using concomitant extracorporeal light
chain elimination for further reduction of renal exposure
to nephrotoxic light chains.

Until present, extracorporeal light chain elimination using
plasmapheresis has shown little impact on renal recovery and
overall survival [19, 20]. We and others have established
extended hemodialysis using a high cut-off (HCO) protein
permeable membrane an efficient means for extracorporeal
removal of serum-free light chains (sFLC), allowing for rapid
and effective reduction in sFLC concentrations [21, 22]. Here,
we report outcome data from a series of patients with multiple
myeloma and dialysis-dependent AKI, treated with chemo-
therapy and concomitant HCO hemodialysis for extracorpo-
real light chain elimination. Using this strategy, we document
early sFLC response and sustained renal recovery in a high
proportion of patients in both, first-line and relapse treatment.

Subjects and methods

We reviewed our experience in a series of 19 consecutive
patients with multiple myeloma and dialysis-dependent
AKI, presenting at our center between Nov. 2006 and Oct.
2009. Patients had primary diagnosed, relapsed, or

refractory myeloma disease. The Durie and Salmon and
ISS staging system was used. All patients had dialysis-
dependent AKI stage failure/loss according to RIFLE or
stage III according to the AKIN criteria, respectively [23,
24]. Adequate cardiac, hepatic, and pulmonary function
allowed administration of systemic chemotherapy.

Chemotherapy and concomitant extracorporeal sFLC
elimination were initiated within the first 48 h upon admission
in all patients. All patients gave written informed consent prior
to initiation of any treatment. Chemotherapy regimens were
determined by the institutional hematologist, mainly compris-
ing novel therapeutic agents with bortezomib as the principal
agent used. All patients received intensive supportive care
including i.v. hydration, urine alkalinization and discontinua-
tion of nephrotoxic substances. Renal biopsy was performed if
causes of AKI other than cast nephropathy could not be
excluded from clinical, laboratory, and ultrasound findings.

For extracorporeal sFLC elimination, extended 6-h
hemodialysis was performed using a HCO, protein-permeable
filter (HCO1100, Gambro Dialysatoren GmbH, Hechingen,
Germany). The HCO1100 filter is CE-certified for the elimina-
tion of plasma proteins up to 45 kD and used strictly within
certification in all patients. The filter allows elimination of both
κ and λ light chains at respective clearances, in addition to fluid
and solute control as otherwise obtained by standard hemodi-
alysis. Blood and dialysate flow were set to 250 and
500 ml/min, respectively, with ultrafiltration according
to clinical needs. Albumin loss across the filter was substitut-
ed. Treatment schedule was five sessions within the first
7 days, followed by every other day to allow for redistribution
of sFLC from extracellular fluid volume. sFLC analysis was
performed prior to and after each HCO hemodialysis and
during follow-up using an immunoassay (Freelite, The
Binding Site, Birmingham, UK). HCO hemodialysis was
stopped upon sFLC concentrations <500 mg/l on the day
of the next scheduled session, irrespective of renal function. If
required, hemodialysis was continued using standard high-
flux hemodialysis filters.

Time to sFLC response was calculated as timespan
between first and last HCO hemodialysis session. Duration
of AKI prior to treatment initiation was defined as the time-
span from first in- or outpatient standard hemodialysis to first
HCO hemodialysis. Independency of hemodialysis was
determined by the institutional nephrologist with an
eGFR ≥15 ml/min/1.73 m2, as calculated by the abbreviated
MDRD equation [25], at least 14 days after the last extracor-
poreal treatment (HCO or standard hemodialysis). Long-term
renal outcome was assessed according to consensus criteria
and Kidney Disease Outcomes Quality Initiative (K/DOQI)
classification of chronic kidney disease [26, 27]. Patients free
of hemodialysis and again in need of renal replacement
therapy during follow-up were not reentered into the analysis.
Assessment of myeloma response was performed by M-
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protein measurement in serum and protein measurement in
urine and by serum-free light chain analysis. Myeloma
response was defined using the IMWG criteria [28].

All data were calculated by intent-to-treat (ITT) analysis.
Nonparametric results are expressed as median and range.
Comparisons between outcome groups were analyzed by
Mann–Whitney U test. The cox proportional hazards model
was used for multivariate analyses of events. Rates of
renal recovery were assessed using Kaplan Meier estimates.
Significance end point was set to p00.05. The statistical
package SPSS (version 16.0, SPSS Inc., Chicago, IL, USA)
was used for all analyses.

Results

Patient demographics, baseline disease characteristics, and
myeloma therapy are given in Table 1. The intent-to-treat
cohort consisted of 19 patients. Two deaths occurred, such
that complete follow-up was obtained from 17 patients.

Median age was 69 (range 50–83) years. Ten patients had
newly diagnosed, nine relapsed or refractory myeloma. All
patients had ISS stage III disease. Median sFLC concentra-
tion at baseline was 8580 (1590–66100) mg/l. All patients
showed AKI requiring renal replacement therapy. Median
serum creatinine was 6.8 (4.4–11.6) mg/dl, median eGFR
7.0 (3.3–10.9) ml/min/1.73 m2. Five patients were oligo-
anuric, 14 patients had preserved diuresis, all with docu-
mented Bence–Jones proteinuria above 2 g/day (data not
shown). Nine patients had been on conventional hemodialysis
between 5 and 37 days prior to admission to our center. Renal
biopsy was obtained in six patients, all demonstrating cast
nephropathy.

Chemotherapy and concomitant extracorporeal light chain
elimination were initiated in parallel within the first 48 h upon
admission. Most patients (14/19) received bortezomib-based
chemotherapy. Two patients on bortezomib-based regimen
were considered refractory with no decrease in sFLC seen at
weeks 3 and 6, respectively. These patients were subsequently
switched to a lenalidomide-based regimen and showed
response. Two patients received high-dose melphalan
during course of the disease (Table 1). Two early deaths
occurred due to sepsis (day 31) and progressive disease
(day 83). All other patients completed chemotherapy and
projected number of HCO hemodialyses until sFLC reduction
below the threshold defined.

By ITT analysis, sustained renal recovery was achieved in
73.7% (77.8 %, adjusted for death) or 14 out of 19 patients
with a median time to independence of hemodialysis of
15 (4–64) days (Table 2). Renal recovery rate over time
is depicted in Fig. 1.

Table 1 Patient demographics, baseline disease characteristics, and
myeloma therapy

Number of patients (n) 19

Age (years), median (range) 69 (50–83)

Gender (male/female) 7/12

Primary diagnosis/relapse, refractory 10/9

ISS stage III 19/19

Paraprotein

IgG kappa 3

IgA kappa 1

IgG lambda 4

Kappa light chain only 6

Lambda light chain only 5

sFLC concentration (mg/l), median (range)

All 8580 (1510–66100)

Kappa subtype only (n010) 6790 (1976–63800)

Lambda subtype only (n09) 9360 (1510–66100)

Serum creatinine (mg/dl), median (range) 6.8 (4.4–11.6)

eGFR (ml/min/1.73 m2), median (range) 7.0 (3.3–10.9)

Renal replacement therapy 19/19

Myeloma treatment

Bortezomib (B)+Dexamethasone (Dex) 8

B+D+Adriamycin (A) 1

B+D+Cyclophosphamide (Cy) 2

Cy 2

Vincristin A Dex→HD-MEL 1

B A Dex→HD-MEL 1

B Dex→Lenalidomide (L) Cy Dex 1

B Dex→L, Melphalan, Prednisone 1

Dex 2

Table 2 Renal recovery and sFLC response by intent-to-treat (ITT)
analysis

Independence of hemodialysis

Number of patients 14/19

% renal recovery 73.7%

% renal recovery (adjusted for death) 77.8%

Time to independence of hemodialysis (days),
median (range)

15 (4–64)

Number of HCO hemodialyses, median (range) 6 (3–22)

Recovery 6 (3–18)

No recovery 6 (3–22)

Time to sFLC response (< 500 mg/l) (days),
median (range)

13 (4–48)

Recovery 12 (4–39)*

No recovery 23 (12–48)

Duration of AKI prior to HCO dialysis (days),
median (range)

3 (1–37)

Recovery 2 (1–18)**

No recovery 33 (9–37)

*p00.087 vs. no recovery (n.s.); **p<0.001 vs. no recovery
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Median time to sFLC response was 13 (4–48) days, with
a median of 6 (3–22) HCO hemodialysis sessions required
to attain sustained sFLC concentrations below 500 mg/l.
Time to sFLC response was markedly shorter in patients
recovering renal function, as compared to patients remain-
ing dialysis dependent (12 (4–39) vs. 23 (12–48) days),
respectively, albeit not attaining significance level in our
cohort (p00.087) (Fig. 2a). In multivariate analysis, the
duration of AKI prior to initiation of therapy was an inde-
pendent predictor of renal functional outcome. The median

duration of AKI was significantly shorter in patients
recovering renal function, as compared with patients
remaining on hemodialysis (2 (1–18) vs. 33 (9–37) days),
respectively, p<0.001) (Fig. 2b).

Myeloma response and renal outcome of patients com-
pleting follow-up is listed in Table 3. Of the 17 patients
evaluated, 6 patients achieved partial response resulting in
an overall response rate (ORR) of 35%. Six patients had stable
disease lasting more than 100 days after initiation of therapy.
Four patients are continuously in remission, including one
patient who underwent high-dose melphalan treatment.
Maximum sFLC reduction was 94.7% (79.6–99.8%) of
baseline sFLC concentrations with the sFLC nadir observed at
25 (6–378) days.

According to the consensus criteria, 1/17 patients (6%)
attained renal complete response (sustained improvement of
baseline creatinine clearance (CrCl) <50 to 60 ml/min or
above), 5/17 patients (29%) attained renal partial response
(improvement of baseline CrCl <15 to 30–59 ml/min), 3 of
which showed creatinine clearances between 50 and
59 ml/min, and 8/17 patients (47%) attained renal minor
response (improvement of baseline CrCl <15 to 15–
29 ml/min). Classification of renal functional outcome
according to K/DOQI resulted in 1/17 patients (6%) in chronic
kidney disease (CKD) stage II, 4/17 patients (24%) in CKD
stage III, and 9/17 patients (53%) in CKD stage IV. Three out
of 17 patients (18%) remained dialysis-dependent in CKD
stage V (Table 3). Patients not recovering renal function
suffered from refractory myeloma disease, delayed sFLC
response, and prolonged dialysis-dependent AKI prior to
treatment initiation.
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Fig. 1 Probability of renal recovery over time by intent-to-treat analysis.
Fourteen out of 19 patients recovered renal function after a median of 15
(range 4–64) days
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Fig. 2 Predictors of renal recovery in myeloma patients with dialysis-
dependent acute kidney injury. a Time to serum free light chain (sFLC)
response. **p00.087 vs. recovery. b Duration of acute kidney injury
(AKI) prior to initiation of therapy. *p00.001 vs. recovery

Table 3 Myeloma response and long-term renal outcome (ITT,
adjusted for death)

Myeloma response (IMWG)
(patients free of hemodialysis)

PR 6 (5)

SD 6 (5)

PD 2 (2)

n.d. 3 (2)

Maximum % sFLC reduction, median (range) 94.7 (79.6–99.8)

sFLC nadir (d), median (range) 25 (6–378)

Renal outcome (consensus criteria)

Renal complete response (CRrenal) 1

Renal partial response (PRrenal) 5

Renal minor response (MRrenal) 8

Renal outcome (K/DOQI)

CKD stage II (eGFR 60–90 ml/min/1.73 m2) 1

CKD stage III (eGFR 30–59 ml/min/1.73 m2) 4

CKD stage IV (eGFR 15–29 ml/min/1.73 m2) 9

CKD stage V (eGFR <15 ml/min/1.73 m2) 3
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Discussion

Dialysis-dependent acute kidney injury secondary to cast
nephropathy is one of the most challenging conditions in
multiple myeloma disease with mostly unfavorable outcome
prior to introduction of the novel therapeutic agents. Restoring
kidney function simplifies myeloma treatment and improves
patient survival. In cast nephropathy, limiting light chain
exposure of the kidney is the principal therapeutic goal. In
view of this, plasmapheresis has been used for extracorporeal
light chain elimination in the past, albeit without benefit in
randomized trials [19, 20]. In the present investigations, we
used HCO hemodialysis as a novel technique for extracorpo-
real elimination of sFLC.

Introduction of the novel therapeutic agents to myeloma
therapy has changed chemotherapy and prognosis in
patients with impaired renal function. Bortezomib in com-
bination with high-dose dexamethasone is considered a
treatment of choice for patients with renal impairment
[18]. In the kidney, due to its inhibitory effect on NFκ-B,
bortezomib may have a positive effect on tubulointerstitial
inflammation and fibrogenesis [29]. Recovery of AKI and
impaired renal function has been reported under bortezomib-
based chemotherapy [30, 31]. A recent phase II trial intro-
duced bortezomib–doxorubicin–dexamethasone (PAD) as
a combination inducing high rates of myeloma and renal
response [32]. With respect to chemotherapy, a high
myeloma response rate and the early onset of response
are key components for renal recovery. These character-
istics are also shared by lenalidomide, a therapeutic
alternative also evaluated in patients with impaired renal
function and end-stage renal disease [33, 34].

Only a very limited number of trials are published regarding
chemotherapy and outcome in the subgroup of myeloma
patients with dialysis-dependent AKI. Historical data, using
conventional chemotherapy, demonstrate recovery in not more
than 26% of patients [2, 5]. Two recent trials have highlighted
the potential of the novel therapeutic agents in these patients.
Matsue et al. [35], in 12 newly diagnosed patients with
dialysis-dependent AKI, showed renal recovery in 67% of
patients. The patients mainly received dexamethasone, some
thalidomide-based regimen. All patients with myeloma
response better than PR recovered renal function. Kastritis et
al. [36], among 41 primary diagnoses with impaired renal
function receiving thalidomide- or bortezomib-based regimen,
reported renal recovery in 80% of a subgroup of patients
requiring hemodialysis. However, this subgroup was small,
with only ten patients in need of renal replacement therapy.

In light of this, we hypothesized that early onset and
effective extracorporeal sFLC elimination may further reduce
light chain exposure of the kidney and facilitate renal recovery.
In the patients reported, we used HCO hemodialysis in parallel
to chemotherapy to reduce sFLC concentrations. Based on

kinetic modeling and intraindividual comparison, extended
HCO hemodialysis is by far a more efficient technique of
extracorporeal sFLC elimination, as compared to plasmaphe-
resis [22, 37]. Using this strategy, combined systemic and
extracorporeal therapy allowed for renal recovery in 73.7%
of patients by ITTanalysis in a cohort with mostly unfavorable
prognostic parameters. Almost half of patients had relapsed or
refractory myeloma disease. It is appreciated that patients with
light chain myeloma only, severe AKI, or Bence–Jones
proteinuria ≥2 g/d have a lower probability of renal recovery
[31]. Almost all patients fulfilled these criteria. In parallel to
chemotherapy, a median of six HCO hemodialysis sessions
allowed sustained reduction of sFLC concentrations below
500mg/l within a median of less than 2 weeks time. In patients
recovering renal function, time to sFLC response was mark-
edly shorter than in patients remaining dialysis-dependent,
underlining the importance of early light chain reduction. In
multivariate analysis, the duration of AKI prior to treatment
initiation was an independent predictor of renal recovery.
Timely diagnosis and onset of therapy is hence essential for
patients to derive maximum benefit from current treatment
strategies.

In our cohort, excellent renal response was achieved,
despite a relatively low ORR of 35% with 6 out of 17
patients formally achieving partial remission. The apparent
discrepancy is explained by the difficulty of response eval-
uation in myeloma patients with severe renal impairment.
Standard IMWG criteria are difficult to apply to this group
of patients. Four out of six of our patients with SD had light
chain myeloma and did not attain >90% reduction of urinary
M-protein to be classified as PR, nonetheless had >85%
reduction in sFLC, indicating that these patients responded
to treatment. All of them became independent of hemodial-
ysis. Two patients with PD showed a temporary response
with a reduction of sFLC >80% at the time of dialysis
independence but were progressive at subsequent myeloma
staging. We conclude that measuring sFLC concentrations,
as compared to urinary M-protein, is the superior parameter
to guide extracorporeal therapy and even more for assess-
ment of myeloma response in these patients. In patients with
light chain myeloma showing oligo-anuria, determination of
Bence–Jones proteinuria is difficult. Upon recovery of renal
function, filtration of sFLC increases and excretion of
Bence–Jones protein is not consequently less. Furthermore,
onset of response cannot be assessed in a timely manner
using IMWG criteria but is essential to know in patients
where recovery of renal function is essentially dependent on
the duration of kidney light chain exposure. It is self-
evident, that response evaluation based on sFLC measure-
ment is done with adequate distance to any extracorporeal
treatment. Given the fact that serum half-life of sFLC is 3–
5 days only, even in patients without residual renal function,
this is possible without difficulties.

Ann Hematol (2012) 91:729–735 733



The question remains, whether in the era of novel thera-
peutic agents with a short time to myeloma response, as
reported with 1 month and 42 days for lenalidomide and
bortezomib, respectively, extracorporeal light chain elimina-
tion will further improve renal outcome in dialysis-dependent
patients with cast nephropathy. Our data show that the time to
sustained light chain reduction can be optimized. We calculate
a minimum win of 2 weeks time with respect to light chain
exposure of the kidney. Given the very limited time frame,
within which therapeutic intervention may improve renal out-
come, this is a relevant timespan, likely to affect renal and
patient prognosis. This is underlined by our finding that renal
recovery was achieved after a median of less than 2 weeks
time. Consequently, this question is currently addressed in a
prospective European multicenter RCT (EuLITE) [38].
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