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ABSTRACT
Background: Acute kidney injury secondary to cast nephropathy is a common complication of multiple
myeloma. Extracorporeal light chain elimination by high cut-off haemodialysis has been described as an
adjuvant to effective chemotherapy to limit free light chain toxicity. The purpose of this study was to evaluate the impact of high cut-off haemodialysis and bortezomib-based chemotherapy on renal function recovery
and overall survival in a cohort of patients with multiple myeloma and dialysis-dependent acute kidney
injury. Methods: We did a historical cohort study of patients with multiple myeloma and dialysis-dependent
acute kidney injury presenting to our Centre between the 1st January 1999 and 31st March 2013. Results:
Forty-six patients were included, with a median age of 68 (56-73 Y) years old. Twenty-four per cent recovered renal function. Patients submitted to high cut-off haemodialysis had a significantly higher probability
of renal function recovery (OR = 11.5; 95% IC: 1.0 to 126.5). Seventy-two per cent of the patients died. The
median survival rate was 20 months and overall 1-year survival rate was 58.3%. Male sex was associated
with worse overall survival (HR = 4.9; 95% CI: 2.0-12.3). Renal function recovery decreased the risk of death
(HR = 0.24; 95% CI: 0.07-0.80) as compared with those who remained on dialysis. The use of HCOH had no
influence on the risk of death. Conclusions: Adding high cut-off haemodialysis to the novel anti-myeloma
agents was independently associated to better renal outcomes in patients with multiple myeloma and
dialysis-dependent acute kidney injury. However, our confidence in these results is hampered by the observational nature of the study, and by the small sample size and imprecise estimates of effect. Randomized
controlled trials addressing this issue are urgently needed.
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INTRODUCTION
Multiple myeloma (MM) is a plasma cell dyscrasia
often associated with renal involvement, most commonly presenting as acute kidney injury (AKI) and proteinuria1. Depending on the definition criteria, renal
impairment is found in 20-50% of the patients at

presentation2-4,1,5,6 and in further 25% within 2 months
of the diagnosis6. Ten per cent have renal insufficiency
severe enough to require dialysis7. A number of studies
have also shown that patients with renal impairment
are most likely to experience greatly increased morbidity and mortality compared with patients with normal
kidney function2,4,5.
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It is believed that severe AKI secondary to MM is
mostly a consequence of direct exposure of renal
tubules to the large amounts of free light chains (FLC)
produced by a malignant plasma cell clone1. These large
amounts of FLC overwhelm the absorptive capacity of
the proximal tubules and are prone to precipitate with
the Tamm-Horsfall protein, leading to cast formation
and, thus, to luminal obstruction, interstitial inflammation and progressive fibrosis8,9.
Treatment strategies usually focus on three main
approaches: correction of reversible risk factors (dehydration, hypercalcaemia, nephrotoxicity, other), prompt
initiation of chemotherapy (CT) targeting the malignant
clone and removal of FLC from the plasma.
Earlier studies using plasma-exchange (PE) to
remove FLC from the plasma of patients with MM
and AKI have given inconsistent and even contradictory results. To date, there is no convincing evidence
that PE improves clinical outcomes in this setting10,11.
Indeed, PE only removes intravascular FLC in significant amounts. Once a session is completed, there is
a rapid redistribution of FLC from the extra-vascular
into the intra-vascular compartment and circulating
levels rapidly return to baseline. Effective removal
can only be achieved by extended sessions, allowing
the redistribution of extra-vascular FLC into the intravascular compartment and subsequent removal. Yet,
while the extended use of PE might be effective, its
use is limited by clotting and deproteination problems. Furthermore, while conventional haemodialysis
(HD) is unable to remove FLC because of the small
pores of dialysers membranes, dialysers with very
large pores have been used in a number of studies
with promising results. Pilot data have shown that
high cut-off haemodialysis (HCOH) reduces the levels
of serum FLC and improves renal function (RF) in
patients with MM associated AKI, when combined
with effective CT12-15.

of MM-induced AKI, but this suggestion has been based
in a small number of pilot studies that addressed this
particular issue14,15. Thus, questions remain as to
whether the use of HCOH represents an added benefit
to the latest CT regimens, and namely whether the use
of HCOH is able to improve clinical outcomes.
The aim of this study was to assess the benefit of
using HCOH and bortezomib-based CT in renal function
recovery (RFR) and overall survival in comparison with
earlier treatments, in a cohort of patients with MMdependent AKI.

METHODS
Study population



We did a historical cohort study of patients with
multiple myeloma and dialysis-dependent acute kidney
injury presenting to our Centre between the 1st January
1999 and 31st March 2013.
Data collection included basic demographic details,
type of myeloma, treatments received and clinical outcomes. MM patients were included in the study independently of whether MM was primary diagnosed,
relapsed or refractory.
Data and study outcomes



Forty-six patients were included with presumed
myeloma-induced renal failure, after exclusion of other
aetiologies. Twenty-four hour proteinuria, urine and
serum protein electrophoresis, immunofixation and
determination of free light chains were available in all
patients but renal biopsy was not performed.

Concurrently with the emergence of the aforementioned innovative dialysis techniques, the introduction
of novel CT agents has widened the options available
to treat MM patients with impaired RF16-18. Currently,
the association of the proteasome inhibitor bortezomib
with high-dose dexamethasone is usually considered
as the most effective initial treatment for the majority
of such patients18.

Chemotherapy regimens were determined by the
hospital haematologist and included different therapeutic agents during the time range of this study,
according to the current guidelines. Patients on bortezomib in some point of their treatment were recorded,
as well as those who underwent haematopoietic stem
cell transplantation (HSCT). The latter represented
patients who were subject to transplantation and had
subsequent relapsed myeloma.

Altogether, new treatment approaches, such as the
use of HCOH and bortezomib-based CT seem to have
brought encouraging improvements to the management

Nine patients, presenting from 2010-2013, were
eligible for extracorporeal serum FLC removal with
HCOH: five were treated with Gambro Theralyte HCO
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membranes, three with Fresenius EMiC®2-filters and
one patient was treated with both filters. Due to its
lower molecular weights, patients with kappa light
chains were treated with Fresenius EMiC®2-filters.
Five other patients underwent renal replacement
therapy during the same time frame, but HCOH could
not be used, since these expensive dialysers were not
available at the time.
Extracorporeal therapy was undertaken with a
blood flow of 200 ml/min and a dialysate flow of 300
ml/min, with adequate heparin and ultrafiltration
according to clinical needs. Eight hours extended FLC
removal haemodialysis was performed using human
albumin solution as the replacement fluid in the
patients in whom Theralyte filters were used. Magnesium, calcium and potassium were supplemented
as required.
High cut-of haemodialysis was performed, initially,
on 4 consecutive days, followed by every other day for
another 4 sessions. Standard on-line haemodiafiltration
(HDF) was continued as clinically indicated.

For comparison among groups, Chi-square test or
Fisher’s exact test were used for categorical variables
and Mann-Whitney test for continuous variables.
To identify variables associated with recovery renal
function, variables that showed significance in univariate analysis were further investigated by multiple logistic regression. The strength of association was assessed
by odds ratio (OR) and its respective confidence interval
(CI) of 95%.
A Kaplan-Meier estimate was used to calculate the
median survival time and survival rate. The log-rank
test was performed to compare survival curves.
Factors associated with prolonged survival were
analysed using multivariate Cox regression analysis.
The results are expressed as hazard ratios with 95% CI.
The proportional hazards assumption was checked visually using Schoenfeld residuals.

RESULTS

Baseline characteristics



No direct technical complications were reported.
There were, however, minor technical constraints. Due
to logistical issues, sequential laboratorial monitoring
of free light chain levels was not adequately performed
and variations of the levels prior to and after HCOH
could not be accurately interpreted.

A total of 46 patients with MM and dialysis-dependent
AKI were admitted to our Centre during the study period.
The median age at the beginning of dialysis was 68 (5673) years old and 57.4% were male.

The primary clinical outcomes were death and RFR.
The latter was defined as independence from renal
replacement therapy as determined by the supervising
nephrologist.

Patients were divided into two categories, according to
the year of initiation of renal replacement therapy (RRT):
before and after 2010, when bortezomib became more
widely used and HCOH-treatment was available.

This study was approved by the Ethics Comittee of
the Instituto Português de Oncologia of Porto.

Thirty-two patients (69.5%) were treated before the
year 2010, of which only six (18.8%) used CT regimens
comprising bortezomib (p < 0.001). None was submitted to HCOH (p < 0.001). They were comparable in the
remaining aspects.

Statistical analysis



All data analyses were undertaken using the Statistical
Package for Social Sciences version 22.0 for Windows.
Overall survival was defined as the time from the beginning of dialysis to death from any cause or last contact.
Patients who were still alive were censored at last followup date. Continuous variables were expressed as the
median and percentile 25 (p25) and percentile 75 (p75)
and categorical variables were expressed as absolute
(N) and relative (%) frequencies. For further data analyses, continuous variables were categorized.

Nine patients were treated with HCOH. All of them
were also treated with bortezomib regimens. The baseline characteristics of the study population are depicted
in Table I.
Predictive factors for renal function recovery



Eleven patients (23.9%) recovered renal function and
63.6% of these were treated with HCOH. The group treated
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Table I
Baseline characteristics of the study population according to the year of initiation of RRT (before and after 2010)
Patientsa (N=46)

Before 2010
(N=32)

After 2010
(N=14)

P value

Age, median, in years (p25-p75)

68 (56-73)

70 (56-74)

58 (56-68)

0.108

Age groups
43-58
59-71
72-86

14 (30.4)
17 (37.0)
15 (32.6)

9 (28.1)
11 (34.4)
12 (37.5)

5 (35.7)
6 (42.9)
3 (21.4)

0.616

Gender
Females
Males

20 (43.5)
26 (56.5)

15 (46.9)
17 (53.1)

5 (35.7)
9 (64.3)

0.482

Type
IgG
IgA
IgM
IgD

18 (39.1)
9 (19.6)
1 (2.2)
2 (4.3)

13 (40.6)
7 (21.9)
1 (3.1)
1 (3.1)

5 (35.7)
2 (14.3)
0 (0.0)
1 (7.1)

0.830

Light chains

16 (34.8)

10 (31.3)

6 (42.9)

Light chains
Lambda
Kappa

23 (50.0)
23 (50.0

17 (53.1)
15 (46.9)

6 (42.9)
8 (57.1)

0.522

HCOH
No
Yes

37 (80.4)
9 (19.6)

32 (100.0)
0 (0.0)

5 (35.7)
9 (64.3)

< 0.001

Hypercalcaemia
No
Yes

42 (91.3)
4 (8.7)

30 (93.8)
2 (6.3)

12 (85.7)
2 (14.3)

0.574

29 (63.0)
17 (37.0)

26 (81.3)
6 (18.8)

3 (21.4)
11 (78.6)

< 0.001

41 (89.1)
5 (10.9)

29 (90.6)
3 (9.4)

12 (85.7)
2 (14.3)

0.633

Characteristics

Bortezomib
No
Yes
HSCT
No
Yes
a Numbers in parentheses refer to N (%), unless otherwise specified

after 2010 had a significantly higher RFR rate than the
group treated before 2010 (57% vs. 9%, p = 0.001) (Fig. 1).
Using univariate analysis, three potential factors
significantly increased the probability of RFR in the
whole cohort: CT regime with bortezomib (p < 0.001),
use of HCOH (p < 0.001) and the presence of hypercalcaemia (p = 0.037) (Table II).
Using multiple logistic regression, the only significant
predictor of RFR was the use of HCOH. Patients submitted
to HCOH had a significantly higher probability of recovering renal function than patients who underwent conventional HDF (OR = 11.491; 95% IC: 1.044-126.488).
Patients survival



The median duration of follow-up for patients initiating
RRT before and after 2010 was 18 months (range, 0 to
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Figure 1
Differences in RFR rate according to the year of initiation of RRT
(before and after 2010).
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Table II

Table III

Potential explanatory variables for RFR in MM patients
Variables

Predictors of renal function recovery using multiple logistic regression

Renal Function Recovery
No

Yes

P value

Bortezomib
No
Yes

27 (93.1)
8 (47.1)

2 (6.9)
9 (52.9)

< 0.001

HCOH
No
Yes

33 (89.2)
2 (22.2)

4 (10.8)
7 (77.8)

< 0.001

Hypercalcaemia
No
Yes

34 (81.0)
1 (25.0)

8 (19.0)
3 (75.0)

0.037

Age
3-58
59-71
72-86

9 (64.3)
14 (82.4)
12 (80.0)

5 (35.7)
3 (17.6)
3 (20.0)

0.473

MM
Heavy chain
Light chain

20 (66.7)
15 (93.8)

10 (33.3)
1 (6.3)

0.068

16 (80.0)
19 (73.1)

4 (20.0)
7 (26.9)

0.732

33 (80.5)
2 (40.0)

8 (19.5)
3 (60.0)

0.080

Gender
Females
Males
HSCT
No
Yes

Variable
HCOH
No
Yes
Bortezomib
No
Yes
Hypercalcaemia
No
Yes

OR (95% CI)

P value

1
11.491 (1.044;126.488)*

0.046

1
3.730 (0.381;36.511)

0.258

1
9.929 (0.531;185.486)

0.124

*Due to the small number of patients treated with HCOH the odds ratio of this predictor of RFR showed a wide confidence interval.

Figure 2
Survival curve of multiple myeloma patients, from initiation of RRT,
according to year of initiation of dialysis (before or after 2010).

62) and 17 months (1 to 45), respectively. Among the
former, 28 (87.5%) patients died, three (9.4%) were still
alive at the end of follow up and one (3.1%) was lost to
follow-up. Among the latter, four (28.6%) patients died
and 10 (71.4%) were still alive at the end of follow up.
The median survival rate for patients treated before and
after 2010 was 24.6 months and 30.5 months, respectively
(p = 0.182). The survival curves of the two cohorts (initiating RRT before and after 2010) are shown in Fig. 2.
The median follow-up of the entire cohort was 18
months (range, 0 to 62). Thirty-three (71.7%) patients
died, one (2.2%) was lost to follow-up and 13 (28.3%)
were still alive at the end of follow-up. The median
survival rate was 20 months and overall 1-year survival
rate was 58.3% (Fig. 3).

Figure 3
Survival curve of the entire cohort of ultiple myeloma patients from the
initiation of RRT.
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Figure 4
Factors that significantly affect survival in univariate analysis: (A) Female (solid line) and male (dotted line); (B) Recovery renal function (solid line)
and non-recovery of renal function (dotted line).

In univariate analysis (Fig. 4), RFR (p < 0.001) and
gender (p = 0.012) were significant predictors of overall
survival. Age, type of light chain, use of HCOH, treatment with bortezomib, haematopoetic stem cell transplantation (HSCT) and the presence of hypercalcaemia
were not associated with overall survival (Fig. 4).
Using multivariate Cox regression, male sex was associated with an increased risk of death (HR = 4.920; 95% CI:
1.971-12.284), while RFR decreased the risk of death (HR
= 0.244; 95% CI: 0.074-0.802) as compared with those
remaining on dialysis (Table IV). The use of HCOH had no
influence on the risk of death.
Table IV
Risk factors for death in a population of patients with MM and AKI
Variable

Hazard Ratio (95%CI)

P-value

1
4.920 (1.971-12.284)

0.001

1
0.197 (0.60-0.653)

0.008

Gender
Female
Male
RFR
No
Yes

DISCUSSION
Dialysis-dependent renal insufficiency secondary to
cast nephropathy is a frequent complication of MM
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and is associated with poor survival. Interventions that
prevent kidney failure or those that favour renal recovery are, thus, of potential benefit. It is believed that to
achieve such renal recovery a rapid reduction in serum
concentrations of immunoglobulin free light chains is
needed. Reducing the exposure of the kidneys to light
chains might be one of the main therapeutic goals.
Recently, extracorporeal light chain elimination by
HCOH has been described as an adjuvant therapy to
CT to further improve renal outcome.
In this study, we analysed the clinical outcomes of
a historical cohort of patients with MM and dialysisdependent AKI evaluating the prognostic impact of the
use of HCOH and of bortezomib-based CT in RFR and
overall survival. Sixty-nine point five per cent of our
patients were treated before the year 2010, using
mostly CT regimens, which did not include the use of
bortezomib or HCOH.
Our results showed that patients treated with HCOH
for extracorporeal light chain removal have a greater
chance of RFR, even after adjustment for several risk
factors. Renal function recovery was observed in a total
of 23.9% patients, the majority of whom (63.6%) treated with HCOH. These results seem to be consistent
with those of other studies published over the last few
years, which found better outcomes associated with
the introduction of new therapeutic agents and techniques [REFERENCES?].

Multiple myeloma and high cut-off haemodialysis: On the right track for better outcomes?

Earlier published studies showed a rate of RFR of
26-29% 2,5 in patients with MM induced AKI. Yet,
according to recent studies, these results have
improved dramatically with the use of new drugs,
ranging from 63 to 80%, as has been reported by Ludwig et al.17, Matsue et al.19 and Kastritis et al.20.
However, these studies had severe limitations, such
as the small sample size (8-12 patients with dialysisdependent AKI).
Recent studies evaluating the effect of the use of
HCOH, as an add-on to CT, have reported an RFR of
63-77.8%14,15. However, these studies had a high risk
of bias, resulting from the small sample size (these
studies included 19 to 67 patients) and methodological
problems.
Unexpectedly, our results did not find a significant
association between bortezomib-based CT and RFR,
thereby excluding the concurrent benefit of new CT
regimens. However, the use of HCOH was associated
with improved RFR and, in the subgroup of patients on
extended HD, as much as 77.8% recovered renal function (RF), which is consistent with the aforementioned
observations.
In patients with MM and renal failure, the reported
median survival ranges from 3.5 to 33 months1,2,5,21,22.
The median survival of 20 months observed in our
patients is within this range. In this study, survival
does not seem to be affected by age, type of light
chain, use of HCOH, treatment with bortezomib, HSCT
and presence of hypercalcaemia. However, our results
suggest it may be influenced by gender and RFR. The
independence from dialysis predicted a prolonged
survival, while male sex conferred a poorer outcome.
The protective effect of RFR has usually been explained
by data suggesting that MM patients on dialysis are
frequently undertreated and do not receive optimal
chemotherapy for the fear of side effects23,24. Additionally, they are often not considered for and are not
able to benefit from HSCT25.
While several studies have shown that male sex is
a risk factor for the development of MM4,26, its correlation with survival is controversial27,28. We were
unable to explain this association and one might
speculate whether it could be the result from distinct
underlying characteristics of the male and female
population that were not evaluated in our analysis.
Age is frequently pointed out as a prognostic factor,
but this was not the case in our cohort4,5,7,22.

The lack of correlation between the use of HCOH
and survival suggests that, possibly, some of the
patients or of the multiple myeloma characteristics,
which were not influenced by the treatment with
HCOH, were responsible for the increased survival
observed in the cohort after 2010 as compared with
that before 2010.
We are well aware of important limitations to our
study, namely the fact that it was a single centre study
with a small sample size and a small number of events.
Due to the small sample size, the association between
HCOH and RFR showed a wide confidence interval and,
thus, an imprecise effect estimate, limiting the strength
of the conclusions. Also, renal biopsy was not performed, meaning that, in some of the subjects, cast
nephropathy may not be the cause of AKI, despite clinical exclusion of other aetiologies of renal failure. This
fact may have influenced the response to therapy.
Another limitation is the fact that patients with newly
diagnosed, relapsed or refractory MM were not distinguished. Thus, distinct disease status might, by itself,
justify a distinctive prognosis. And, finally, as previously
reported, due to technical laboratory difficulties, monitoring of plasma free light chain levels during each
dialysis session (pre- and post- HCOH) was not available
for all cases, which limited its interpretation and, thus,
this data was not analysed.
In summary, use of HCOH certainly appears to be a
promising procedure that may increase RFR. However,
more research is required to determine its precise role
in the management of cast nephropathy.
Addressing this question, there is currently an ongoing prospective European multi-centre randomized
controlled trial, led by Dr. Hutchinson, the European
Trial of Free Light Chain Removal by Extended Hemodialysis (EuLITE)29.
Disclosure of conflicts of interest: None declared
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