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ABSTRACT

Background. Acute kidney injury (AKI) caused by cast nephropathy is associated with increased morbidity and mortality
among patients with multiple myeloma (MM). High cut-off haemodialysis (HCO-HD) has proven to be effective in the
removal of serum light chains but the effect on clinical outcomes, especially renal recovery, remains uncertain.

Methods. A systematic review and meta-analysis were performed examining all randomized controlled trials (RCTs) and
observational studies (OBSs) assessing the effect of HCO-HD on clinical outcomes of patients with MM complicated by cast
nephropathy–induced severe AKI. The primary outcome was all-cause mortality at the end of the study. The secondary
outcomes included all-cause mortality at 12 months, HD independence and serum kappa and lambda light chain reduction.
Pooled analysis was performed using random effects models.

Results. We identified five studies, comprising two RCTs and three retrospective cohort studies, including 276 patients with a
mean follow-up of 18.7 months. The majority of the studies were of suboptimal quality and underpowered. Compared with
patients treated with conventional HD, HCO-HD was not associated with a survival benefit at 12 months ffive studies, 276
patients, relative risk [RR] 1.02 [95% confidence interval (CI) 0.76–1.35], I2 ¼33.9%g or at the end of the studies at an average
of 34 months [five studies, 276 patients, RR 1.32 (95% CI 0.71–2.45), I2 ¼62.0%]. There was no difference in HD independence
at 90 days [two trials, 78 patients, RR 2.23 (95% CI 1.09–4.55)], 6 months [two studies, 188 patients, RR 1.19 (95% CI 0.68–2.06)]
or 12 months [two studies, 188 patients, RR 1.14 (95% CI 0.58–2.26)]. Patients receiving HCO dialysis, however, had a greater
reduction in serum kappa [two studies, 188 patients, weighted mean difference (WMD) 46.7 (95% CI 38.6–54.7), I2 ¼ 52.0%]
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and lambda [two studies, 188 patients, WMD 50.3 (95% CI 21.4–79.3), I2 ¼95.1%] light chain levels.

Conclusion. Current evidence from RCTs and OBSs suggests HCO dialysis is able to reduce serum free light chains but makes
no significant improvement in all-cause mortality and renal outcomes compared with conventional HD for patients with
myeloma cast nephropathy. However, there is a trend towards better renal outcomes with the use of HCO dialysis. The lack
of long-term data and the small sample sizes of the included studies limit this analysis. Therefore further large-scale RCTs
with longer follow-up are needed to assess the effect of HCO dialysis on clinical outcomes in patients with myeloma cast
nephropathy.
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INTRODUCTION

Multiple myeloma (MM) constitutes the second most common
haematological malignancy and is associated with significant
mortality and morbidity [1–5]. Its incidence has been increasing
worldwide and renal impairment occurs in up to 50% of
patients, with 10% of patients developing severe renal failure re-
quiring dialysis [6].

Cast nephropathy is the most common cause of renal im-
pairment among myeloma patients [7]. It occurs when the path-
ologically high levels of serum free light chains (sFLCs)
produced by plasma cells are precipitated in the renal tubules
after being filtered through the glomeruli [8, 9]. Cast nephropa-
thy and overall renal impairment are associated with increased
mortality in myeloma patients [3, 10].

Treatment of cast nephropathy is directed at reducing sFLC
levels, using treatments such as bortezomib (BTZ) [11]. In addi-
tion, mechanical removal of sFLC via haemodialysis (HD) or
plasmapheresis [12–14] has been considered as another biologi-
cally plausible therapeutic path for management of patients
with cast nephropathy. Compared with standard HD mem-
branes, high cut-off haemodialysis (HCO-HD) membranes have
increased pore size, allowing the removal of larger molecules
such as immunoglobulin light chains [15, 16]. While in vitro
studies showed sustained reductions in sFLC with extended
HCO dialysis [17, 18], two randomized controlled trials (RCTs)
demonstrated discrepant results upon recovery of renal func-
tion [19, 20].

We set out to systematically review the literature to
summarize the current evidence on the effect of HCO dialysis
on clinical outcomes in patients with MM complicated by cast
nephropathy.

MATERIALS AND METHODS
Data sources and searches

The following databases were searched from their inception to
September 2019: MEDLINE via OvidSP, Embase via OvidSP and
the Cochrane Central Register of Controlled Trials. In addition,
hand searches of eligible studies were completed and unpub-
lished studies were sought in references of all selected studies,
relevant conference abstracts and from the ClinicalTrials.gov
website. There were no language or publication period restric-
tions. Relevant text words and Medical Subject Headings were
included in the search strategy (Supplementary data, Figure S1).

Study outcomes

The primary outcome was all-cause mortality at the end of the
study. Secondary outcomes were all-cause mortality at 3 and
12 months, HD independence at 3, 6 and 12 months, sFLC (kappa

and lambda) post-dialysis reduction percentages and haemato-
logical response at 90 days. Haematological response was
defined according to the International Myeloma Working Group
criteria [21] as the achievement of at least a partial response, in-
cluding one of the following criteria: 50% reduction of serum M-
protein and reduction in 24-h urinary M-protein by �90% or to
200 mg/24 h, �50% decrease in the difference between involved
and uninvolved FLC levels and �50% reduction in plasma cells
in bone marrow biopsy, provided there was a baseline percent-
age of �30%; in addition to this criteria, a �50% reduction in the
size of soft tissue plasmacytomas is also required, if present at
baseline.

Study selection

Titles and abstracts of all citations were independently
evaluated by two reviewers (B.T. and N.Y.) and all potentially
relevant articles were retrieved for full-text review. Any
disagreements on the eligibility of a study were resolved by
consensus or with the help of a third reviewer (A.Y.W.). We
included RCTs as well as observational studies (OBSs) with a co-
hort or case–control design assessing the effect of HCO dialysis
as an adjuvant treatment for patients with cast nephropathy–
related acute kidney injury (AKI).

Data extraction and quality assessment

Data were extracted using a standardized data extraction form
in Excel (Microsoft, Redmond, WA, USA) and verified indepen-
dently by two reviewers (B.T. and N.Y.). The information gath-
ered from each study included the following: title, first author,
year of publication, study design, location, characteristics of
study participants, follow-up duration, description of interven-
tion (chosen dialyzer, dialysis schedule) and adjuvant treat-
ments (chemotherapy), as well as the primary and secondary
outcomes.

The Cochrane risk-of-bias tool was used to assess the risk of
bias for RCTs and the Newcastle-Ottawa Scale [22] was used to
assess the risk of bias for OBSs. Two reviewers (B.T. and N.Y.) in-
dependently assessed each included study for the risk of bias.
Any persistent disagreements were resolved by consensus or
discussion with a third reviewer (A.Y.W.).

Data synthesis and analysis

The pooled analysis was performed using a random effects
model. Pre-specified subgroup analyses were performed sepa-
rating OBSs and RCTs. Relative risks (RRs) and 95% confidence
intervals (CIs) were calculated for dichotomous variables.
Weighted mean differences (WMDs) and 95% CIs were calcu-
lated for continuous variables. Statistical heterogeneity
was assessed using I2 for pooled results. Statistical analyses

High cut-off dialysis in myeloma cast nephropathy | 1895

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaa220#supplementary-data


were performed using Stata version 14.1 (StataCorp, College
Station, TX, USA) and Review Manager version 5.3 (Cochrane
Collaboration, London, UK), with P-values<0.05 considered
statistically significant for all analyses.

RESULTS
Study selection and characteristics

The search identified five studies, two RCTs and three retro-
spective cohort studies with a total of 276 patients. The flow
chart of the study selection was shown in Figure 1 and the key
characteristics of the included studies are presented in Table 1.
End-of-study timepoints varied from 12 to 72.7 months with a
mean follow-up of 18.7 months (Table 1). The mean age of the
participants ranged from 63.1 to 71 years. There was a higher
proportion of male participants, ranging from 50 to 73.7%. All
five studies included patients with a diagnosis of cast nephrop-
athy secondary to MM, and histological proof of cast nephropa-
thy reached 100% of patients in four of the five studies [19, 20,
23, 24]. Three studies only included patients with de novo MM
[19, 20, 23], while two of the OBSs also included patients with re-
lapsed MM [24, 25]. The immunoglobulin heavy chain types of
immunoglobulin G (IgG) and IgA were the predominant types
studied [19, 20, 24, 25]. All patients included had severe AKI, de-
fined as an estimated glomerular filtration rate <15 mL/min/
1.73 m2 or clinical indication for dialysis. In the interventional

group, HCO-HD was performed using a Gambro HCO 1100 dia-
lyser [20, 23–25] or a Theralite dialyser [19, 24, 25], while control
groups received high-flux HD (HF-HD) [19, 20, 25] or haemodia-
filtration [24]. The chemotherapy treatments used included a
BTZ alone regimen [19, 20, 24] in three studies and BTZ in com-
bination with other chemotherapy in two studies [23, 25]. Pre-
existing chronic kidney disease (CKD) was reported in three
studies [19, 20, 25], ranging from 6 to 10% in the intervention
group and from 2 to 17% in the control group.

All-cause mortality

All-cause mortality was reported in all five studies. Compared
with patients treated with conventional HD, patients receiving
HCO dialysis did not show a survival benefit at the end-of-study
timepoint at the average of 34 months [five studies, 276
patients, RR 1.32 (95% CI 0.71–2.45), I2 ¼ 62.0%] (Figure 2). In the
subgroup analysis, although survival benefits at the end of the
study were seen in the OBSs [three studies, 88 patients, RR 1.67
(95% CI 1.00–2.79), I2 ¼ 0.2%] [23–25], no differences in all-cause
mortality were seen in the RCTs [two studies, 188 patients, RR
0.80 (95% CI 0.61–1.04), I2¼ 0.0%] [19, 20].

Patients treated with HCO-HD did not show survival benefits
at 3 months [four studies, 266 patients, RR 1.02 (95% CI 10.95–
1.09), I2¼ 14.8%] or at 12 months [five studies, 276 patients, RR
1.02 (95% CI 0.76–1.35), I2¼ 33.9%]. There was no difference in
all-cause mortality at 3 and 12 months between HCO dialysis

Database searches (n=308)
MEDLINE (n=102)
EMBASE (n=198)
Cochrane (n=8)

Articles included by
hand-searching (n=9)

Duplicates (n=53)

Abstracts review (n=264)

240 articles excluded:
• Not original investigation (n=46)
• Not in relevant populations (n=85)
• No relevant exposure (n=85)
• Animal studies or basic science (n=1)
• Duplicates (n=21)
• Unable to get further information (n=2)

Full article review (n=24)

19 articles excluded:
• Case series (n=18)
• Duplicates (n=1)

5 studies included
in meta-analysis
(276 participants)

FIGURE 1: Flow chart of studies considered for inclusion.
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and conventional HD in both the OBSs and RCTs
(Supplementary data, Figures S2 and S3).

Renal outcomes: HD independence

There was no difference in the rates of HD independence at
90 days between HCO-HD and standard-HD patients [four stud-
ies, 266 patients, RR 1.28 (95% CI 0.95–1.73), I2¼ 4.5%]. Although
the pooled data from the OBSs demonstrated significantly
higher rates of HD independence at 90 days [two trials, 78
patients, RR 2.23 (95% CI 1.09–4.55), I2¼ 0.0%] [24, 25], subgroup
analysis including only RCTs showed no differences [two stud-
ies, 188 patients, RR 1.14 (95% CI 0.84–1.56), I2¼ 0%) [19, 20]
(Figure 3).

Only the two RCTs reported renal outcomes at 6 and
12 months; there was no difference in HD independence at
6 months [two studies, 188 patients, RR 1.19 (95% CI 0.68–2.06),

I2¼ 71.8%] [19, 20] nor at 12 months [two studies, 188 patients,
RR 1.14 (95% CI 0.58–2.26), I2¼ 81.3%) [19, 20] between these two
therapies, although significant heterogeneity was also found
(Supplementary data, Figures S4 and S5).

sFLC reduction and haematological response

Only the included RCTs reported changes in sFLCs post-dialysis.
Patients receiving HCO-HD had significant reductions in post-
dialysis sFLC for both kappa [two studies, 188 patients, WMD
46.7 (95% CI 38.6–54.7), I2¼ 52.0%] (Supplementary data, Figure
S6) and lambda [two studies, 188 patients, WMD 50.3 (95% CI
21.4–79.3), I2¼ 95.1%] (Supplementary data, Figure S7) light
chains, only assessed in the included RCTs [19, 20].

Likewise, a better haematological response was seen at
90 days with HCO dialysis [three studies, 176 patients, RR 1.40
(95% CI 1.13–1.74), I2¼ 3.3%] (Figure 4). Subgroup analysis of the

Note: Weights are from random effects analysis

Overall  (I2 = 62.0%, p = 0.032)

Subtotal  (I2 = 0.0%, p = 0.353)

Bridoux

Subtotal  (I2 = 0.2%, p = 0.367)

Peters

Curti
OBS

RCT
Study

Gerth

Hutchison

2017

2011

2016

Year

2016
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48

13

59

Follow

12

24

1.32 (0.71, 2.45)

1.37 (0.39, 4.76)

1.67 (1.00, 2.79)

4.00 (0.66, 24.37)

5.54 (0.34, 89.80)

1.47 (0.85, 2.53)

0.78 (0.59, 1.02)

100.00

54.58

15.54

45.42

9.19

4.42

% Weight

31.82

39.03

0.80 (0.61, 1.04)

RR (95% CI)

Favors HCO-HDFavors standard HD
0.01 0.1 1 10 100

FIGURE 2: Impact of HCO-HD on all-cause mortality at end-of-study time point.

Table 1. Summary of included studies

Studya N
Intervention

versus control
Study
design

Follow-up
(months)

Age
(years)

Male
sex (%)

De novo
MM (%)

Previous
CKDb (%)

Chemotherapy
regimen

intervention/
control

Hutchison et al. [20]
(2019, UK, Germany)

90 HCO-HD versus
HF-HD

RCT 24 65.5 57 100 4.4 BTZ þ DOX þ DEX/
BTZ þ DOX þ DEX

Bridoux et al. [19]
(2017, France)

98 HCO-HD versus
HF-HD

RCT 48 68.8 55 100 11.7 BTZ þ DEX/BTZ þ DEX

Gerth et al. [25]
(2016, Germany)

59 HCO-HD versus
HF-HD

Retrospective
cohort

12 63.1 50.8 54 27.1 Novel agentsc 76.2%/novel
agents 23.5%

Curti et al. [24]
(2016, Switzerland)

19 HCO-HD versus
HF-HD

Retrospective
cohort

72.7 63.0 73,7 83 NR BTZ þ DEX/BTZ þ DEXd

Peters et al. [23]
(2011, France)

10 HCO-HD versus
HD

Retrospective
cohort

12.9 71 50 100 NR BTZ þ DEX/BTZ þ DEX
or DEX þMPT or DEX

DOX, doxorubicin; DEX, dexamethasone; MPT, melphalan; NR, not reported.
aYear of publication and setting (country or region) provided in parentheses.
bCKD is defined as an estimated glomerular filtration rate �30 mL/min/1.73 m2.
cBTZ, thalidomide or lenalidomide.
dOther additional chemotherapy agents were administered to some patients.
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OBSs did not show the difference in haematological response
between the two dialysis treatments [two studies, 62 patients,
RR 1.39 (95% CI 0.68–2.86), I2¼ 0%], but the result from the in-
cluded RCTs demonstrated that HCO dialysis was associated
with improved haematological response [one study, 94 patients,
RR 1.43 (95% CI 1.12–1.82), I2¼ 0%].

Study quality

Quality assessment is summarized in Supplementary data,
Figure S8. Only two of the studies were RCTs. Blinding of the
participants and personnel was not deemed possible due to
the nature of the intervention. Overall, the majority of the stud-
ies were of suboptimal quality, small sample size and/or
underpowered.

DISCUSSION

In this systematic review assessing the effect of different dialy-
sis membranes on clinical outcomes in patients with MM com-
plicated by severe AKI due to cast nephropathy, we found that

HCO-HD did not confer survival or renal benefits over conven-
tional HD, although a trend towards higher HD independence
rates was seen in the HCO-HD group. HCO-HD as an adjuvant
treatment, however, yielded better FLC reductions.

Strategies for improving renal function in patients with MM
are necessary. As renal impairment is associated with an in-
creased risk of mortality in patients with MM, exploration of dif-
ferent strategies to improve renal outcomes in this population
is paramount [3, 26]. In 2007 and 2008, Hutchison et al. [27]
proved HCO-HD to be efficient in the removal of sFLC in both
in vitro and in vivo studies, suggesting that optimization of the
clearance of kappa and lambda sFLC could be a key factor in re-
versing or preventing renal damage in this population [12, 13].
In this meta-analysis we found a higher reduction of both kappa
and lambda light chains in the HCO-HD group. Furthermore, a
reduction in FLC levels was also an independent factor for renal
and survival benefits, which was shown in three studies [19, 24,
25]. This is consistent with previous publications that postu-
lated an association between sFLC levels and both survival [28–
31] and renal recovery [12, 13, 31]. sFLC levels >500 mg/L are cur-
rently considered a threshold for cast formation [9, 32],

Study Year % WeightRR (95% CI)

Note: Weights are from random effects analysis

Overall  (I2 = 0.0%, p = 0.547)

Curti

Bridoux

Gerth

RCT

Subtotal  (I2 = 31.7%, p = 0.226)
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Subtotal  (I2 = .%, p = .)

2016

2017

2016

1.40 (1.13, 1.74)

1.17 (0.69, 1.99)

1.43 (1.12, 1.82)

2.29 (0.67, 7.85)

1.39 (0.68, 2.86)

1.43 (1.12, 1.82)

100.00

16.51

80.42

3.07

19.58

80.42

Favors HCO-HDFavors standard HD
0.01 0.1 1 10 100

FIGURE 4: Impact of HCO-HD on haematological outcomes at 90 days.

Study Year % WeightRR (95% CI)

Note: Weights are from random effects analysis

Overall  (I2 = 4.5%, p = 0.370)

Curti

Subtotal  (I2 = 0.0%, p = 0.704)

Bridoux

OBS

Subtotal  (I2 = 0.0%, p = 0.898)

Gerth

Hutchison
RCT

2016

2017

2016

2019

1.28 (0.95, 1.73)

2.50 (0.37, 16.89)

1.14 (0.84, 1.56)

1.24 (0.73, 2.10)

2.23 (1.09, 4.55)

2.19 (1.01, 4.72)

1.09 (0.74, 1.61)

100.00

2.43

82.99

29.96

17.01

14.58

53.03

Favors HCO-HDFavors standard HD
0.01 0.1 1 10 100

FIGURE 3: Impact of HCO-HD on HD independence at 90 days.
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although some authors establish that threshold at up to
1500 mg/L [33–35]. These findings pose the hypothesis of a tar-
geted and tailored use of HCO-HD to achieve renal and patient
survival benefits and have already been used as such in one of
the included studies [25].

Outcomes in patients with MM have improved in the last
decade with proteasome inhibitor–based therapies [36, 37].
Our review found that the addition of HCO-HD in patients with
myeloma cast nephropathy–related severe renal impairment
was associated with a better haematological response at Day 90
compared with conventional HD [19, 24, 25]. It is important to
point out that the better haematological response associated
with HCO dialysis is via increased sFLC reduction rather than
disease response.

In our review, additional use of HCO-HD in novel chemother-
apy regimens also demonstrated a trend towards better renal
response in the form of HD independence rates at 3, 6 and
12 months, although the differences did not achieve statistical
significance. There are discrepant results regarding renal recov-
ery among the two included RCTs, which is partially due to the
fact that the MYRE study did not include patients that recovered
renal function after initial measures like hydration, high-dose
steroids and correction of hypercalcaemia, resulting in selection
of patients with worse renal function.

In our study, HCO-HD was not associated with survival bene-
fits in the short and medium term compared with conventional
high flux HD. The longer-term survival outcomes were not able
to be assessed due to a lack of data. Again, the inconsistent re-
sult on mortality was seen by two RCTs. The EuLITE trial
reported a trend towards increased mortality in the HCO-HD
group at 3 months and at the end of the study (24 months),
while the MYRE study demonstrated a trend towards better
survival outcomes at 3 months in the HCO-HD group, although
this benefit disappeared in all the longer-term analyses at 12
and 48 months [19, 20]. On the other hand, the pooled data
from the three OBSs included in our meta-analysis showed a
survival benefit at the end-of-study timepoint [23–25]. This
was probably due to the small sample size of the studies and
the presence of potential confounding factors in the OBSs,
which can have impacts on all-cause mortality. Previous liter-
ature demonstrated the association between sFLC levels with
mortality and renal impairment. Renal impairment itself is
also a well-known independent factor for poorer survival [3,
10]. Therefore better sFLC clearance provided by HCO-HD could
potentially have an impact on patient survival, which needs
further large RCTs to prove.

The strength of our study is that, to our knowledge, this is
the first systematic review assessing the effect of HCO dialysis
in patients with severe AKI due to myeloma cast nephropathy.
Other strengths include methodological rigor and consideration
of multiple relevant outcomes. The findings from our system-
atic review clearly indicate a need for high-quality RCTs to as-
sess the impact of HCO dialysis in this population.

This study has a few limitations. First, most included studies
were observational, therefore the presence of potential bias and
confounders may impact interpretation of the results. Second,
studies were overall underpowered. In particular, there were
limited data on long-term HD independence and kappa/lambda
sFLC reduction. We could only analyse mortality at 3 and
12 months, which we consider not long enough to assess long-
term renal and patient survival. Third, current RCTs were open-
labelled, which could potentially produce selection bias.
Conducting a double-blind study assessing the effect of differ-
ent types of HD membranes is feasible based on the previous

studies investigating the efficacy of HCO-HD in septic patients
complicated by AKI, although albumin monitoring might be
necessary due to higher clearance of albumin associated with
HCO-HD and could unmask treatment allocation [38]. Lastly, a
notable heterogeneity was found in the characteristics of the
patients, specifically the inclusion of relapsed myeloma
and unconfirmed cast nephropathy, as well as a substantial
difference in treatment received, both chemotherapy and HD
regimens. These can have an impact on interpretation of the
overall findings.

In conclusion, current evidence from RCTs and OBSs sug-
gests better clearance of sFLCs with HCO dialysis, but no signifi-
cant differences in mortality or renal outcomes are seen
between HCO dialysis and conventional HD for patients with
myeloma cast nephropathy–induced AKI. However, there is
a trend towards better renal outcomes with HCO dialysis.
The lack of long-term data and the small sample sizes of the in-
cluded studies limit this analysis. Therefore further large-scale
double-blinded RCTs with longer follow-up are needed to assess
the effect of HCO dialysis on clinical outcomes in patients with
MM complicated by cast nephropathy.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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