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Abstract

Background In patients with multiple myeloma (MM) free light chain-induced cast nephropathy is a serious complication
associated with poor survival. High-cut-off (HCO) hemodialysis can reduce the amount of serum free light chains (sFLC),
but data on its impact on clinical outcome is limited and contradictory. To gain further insights we collected real world data
from two major myeloma and nephrology centers in Austria and the Czech Republic.

Methods Sixty-one patients with MM and acute kidney injury, who were treated between 2011 and 2019 with HCO hemo-
dialysis and bortezomib-based MM therapy, were analyzed.

Results The median number of HCO hemodialysis sessions was 11 (range 1-42). Median glomerular filtration rate at diag-
nosis was 7 +4.2 ml/min/1.73m?. sFLC after the first HCO hemodialysis decreased by 66.5% and by 89.2% at day 18. At 3
and 6 months, 26 (42.6%) and 30 (49.2%) of patients became dialysis-independent.

Conclusion The widely used strategy combining HCO hemodialysis and bortezomib-based antimyeloma treatment is dis-
satisfactory for half of the patients undergoing it and clearly in need of improvement.
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Patients with multiple myeloma (MM) frequently present
with acute kidney injury (AKI) at the time of diagnosis.
Since light chains are filtered through the glomeruli, the
increased production of free light chains (FLCs) exceeds
the resorption capacity of the proximal tubules. Precipitation
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occurs at the Tamm-Horsfall protein (uromodulin) in the dis-
tal tubule, thus forming insoluble aggregates and casts that
may eventually lead to kidney failure [1]. In patients with
MM, FLC-induced cast nephropathy is a serious complica-
tion associated with poorer survival.

In a recent population-based study of 1038 newly diag-
nosed myeloma patients, 25% presented with any degree
of kidney failure and 13% required dialysis. Median sur-
vival was only 21 months in patients with kidney failure,
a value that other patients did not achieve after three years
(P <0.01). Factors associated with 1-year overall survival
were myeloma [hazard ratio (HR) 0.13; P<0.01] and
response in terms of improving kidney function (HR 0.27;
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P=0.03). Thus, recovery of kidney function is one of the
strongest parameters for survival [2].

In addition to the immediate application of anti-myeloma
agents to reduce the production of serum free light chains
(sFLCs), the reduction of high sFLC concentrations can be
achieved by extracorporeal techniques. High cut-off (HCO)
dialysis has been used in cast nephropathy due to MM. It
combines the kidney replacement therapy required due to
kidney failure and the elimination of FLCs. In HCO dialy-
sis, dialyzers with a high permeability for molecules (up to
50 kDa) are used. This special filter enables the removal of
large amounts of FLCs in the serum and thus effectively
lowers their concentration. In this way, kidney failure may
be reversed [3]. HCO dialysis is performed in conjunction
with systemic therapy to minimize the production of FLCs.
The proteasome inhibitor bortezomib is recommended as
it is also effective in patients with kidney function impair-
ment and can be used without primary dose reduction.
However, clinical trials and data on the additional benefit of
HCO hemodialysis (HD) in combination with novel thera-
peutic agents like bortezomib are lacking and, as a conse-
quence of two randomized studies, the use of HCO-HD is
discussed controversially [4—6]. The aim of this retrospec-
tive study was to investigate the efficacy of combined multi-
modality treatment in a real-life setting, and to add these
data to the existing literature to conceptualize optimized
treatment modalities for these patients.

Methods

The analysis included 61 patients with MM and AKI, who
were treated between 2011 and 2019 with HCO dialysis and
bortezomib-based chemotherapy either at the Department
of Hematology and Oncology of the Medical University
of Innsbruck (23 patients) or at the Department of Neph-
rology and 1st Internal Clinic-Hematology-of the General
University Hospital in Prague (38 patients). All patients
presented with severe AKI requiring dialysis. Approval for
data collection and publication was obtained from the Eth-
ics Committee of the Medical University of Innsbruck (vote
#1045/2019). Serum FLC concentrations were measured
with the FREELITE™ immunoassay immediately before
and after each dialysis session after initiation of HCO dialy-
sis. Glomerular filtration rate was calculated using the CKD-
EPI equation. The primary outcome was recovery of kidney
function (defined as independence from dialysis) at 3 months
from diagnosis. The secondary endpoint was independence
from dialysis at 6 months from diagnosis. Mortality during
the HCO-HD) treatment, at three and six months was also
assessed. Outcome of kidney function was evaluated with
regard to myeloma response in a subset of 31 patients.
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Results
Patient characteristics

The final dataset consisted of 61 patients with newly diag-
nosed MM and dialysis-dependent AKI. The patients’
demographics, clinical characteristics and treatment
details are shown in Table 1. Median age of the patients
was 66 (range 37-91) years; 82% had MM ISS Stage III
and 11.5% had Stage II. One patient (1.6%) had ISS Stage
I. Thirty-four (55.7%) patients had light-chain myeloma,
while 27 (44.3%) had complete clonal immunoglobulins.
Patients with ISS Stage II, ISS Stage III, or the genetic
aberrations dell7p, t(4;14), amplq or hypodiploid kar-
yotypes were classified as high-risk patients. Diagnosis
of cast nephropathy was confirmed by kidney biopsy
including immunofluorescence, light microscopy and
electron microscopy in 12 patients (19.7%). Light chain
deposition disease was detected in one patient with cast
nephropathy (8%, 1/12). Other diseases usually associated
with MM, such as AL amyloidosis or light chain proxi-
mal tubulopathy were not confirmed in kidney biopsies.
Vascular changes including vascular nephrosclerosis and
hypertensive microangiopathy were present in 7 patients
(58%, 7/12) and vascular pathology with diabetic kidney
disease in 2 patients (17%, 2/12). For more detailed analy-
sis of kidney biopsy findings see Supplementary Table 1.
All patients underwent HCO dialysis and were addition-
ally treated with bortezomib-based therapy. 54 (88.5%)
patients received bortezomib, an immunomodulator and
dexamethasone, while seven (11.5%) received bortezomib
and dexamethasone (Table 2).

Kidney function at diagnosis

Of the study patients 27 (44.3%) underwent HD treatment
prior to HCO dialysis. Median glomerular filtration rate
at time of diagnosis of patients without HD prior to HCO
dialysis was 7 ml/min/1.73m? with a standard deviation
of +4.2 ml/min/1.73m?. Patients received HCO dialysis for
a median of 11 days, with a minimum HCO dialysis dura-
tion of one day and a maximum HCO dialysis duration of
42 days.

Serum FLC during HCO-HD

The course of FLCs before and after each HCO-HD is shown
in Fig. 1. In brief, the concentration of sFLC after the first
HCO dialysis decreased by 66.5% (SD +20.88%) with a 35%
rebound before the next HCO-HD. On the 18th HCO dialysis
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Table? .Patient dem().grflphics Parameter N=61 %
and clinical characteristics
Center
Prague 38 62.3
Innsbruck 23 37.7
Sex
Female 19 68.9
Male 42 31.1
Age
Median age (range), years 66 (37-91)
<65 years 25 41
> 65 years 36 59
Isotype
Heavy and light chain 27 443
Only light chain 34 55.7
ISS Stage
Stage I 1.6
Stage 11 7 11.5
Stage 111 50 82
Missing 3 4.9
High-risk patients (classified as patients with ISS Stage II or III, del17p, t(4;14), amplq or hypodiploid
karyotype)
High 57 93.5
Low 1.6
Missing 3 4.9
CRAB (hypercalcemia, renal insufficiency, anemia, bone disease) criteria
1 CRAB criteria only 6 9.8
2 CRAB criteria 18 29.5
3 CRAB criteria 20 32.7
4 CRAB criteria 17 27.9

day, the sFLC concentration was 10.8% of the initial con-
centration (SD +7.52%). Thus, a reduction of 89.2% from
baseline was achieved.

Kidney function and the rate of kidney recovery (off
dialysis) at three- and six-months follow-up

Tables 3 and 4 show the overall kidney recovery rate, defined
as dialysis independency at 3 months and 6 months after the
last HCO dialysis, which was 42.6% (26 patients) and 49.2%
(30 patients), respectively. Patients achieving dialysis inde-
pendency at 3 and 6 months had a median serum creatinine
of 1.3+ 1.3 mg/dl (3 months follow-up) and 1.5 + 1.4 mg/dl
(6 months follow-up), respectively (Table 4). Four (6.6%)
patients died during therapy or up to 4 weeks after the last
HCO dialysis due to progression of MM (Table 3). HCO-
HD-associated complications were not observed (Table 5).

Myeloma response

Myeloma response after the first line of chemotherapy was
observed in most of the patients from Prague (n=33) and
is shown in Table 6. Of the 18 patients who achieved com-
plete remission (CR) or very good partial response (VGPR),
13 patients were HD-independent at three months and 17
patients at six months (Tables 6 and 7).

Subgroup analysis based on the kidney recovery
rate

Twenty-six patients were HD-independent at three months,
while 27 were HD-dependent. SFLC levels at the beginning
of HCO-HD treatment were similar in both groups. How-
ever, sFLCs at cessation of HCO-HD (measured before the
last HCO-HD) tended to be higher in those patients who
remained HD-dependent despite having had a larger num-
ber of HCO-HD sessions, although this difference was not
statistically significant (Table 8). Similar results were also
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Table 2 Kidney-related and

N=61 %
myeloma parameters before
commencement of HCO-HD Conventional HD before commencement of HCO-HD

Yes 27 443
No 34 55.7

Serum creatinine before commencement of HCO-HD if not already on HD mg/dl
Mean 6.2
Median 6.0+2.4
Minimum 2.7
Maximum 11.5
Percentile 25 4.7
Percentile 75 7.2

Cast nephropathy confirmed by renal biopsy N=61 %
Yes 12 19.7
No 49 80.3

Serum FLC levels before commencement of HCO-HD mg/l
Mean 11,662.5
Median 7883 +13,464.2
Minimum 334
Maximum 86,613
Percentile 25 4627
Percentile 75 13,325

Serum FLC during HCO Dialysis
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Fig. 1 sFLC decline and rebound after and before each HCO-HD session
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Table 3 Mortality on HCO-HD treatment and during follow-up Table 5 HCO-HD treatment and FLC outcomes
N=6l % Number of HCO-HDs per patient
Alive at discontinuation of HCO-HD Mean 132
treatment Median 11+9.2
Yes 57 934 Minimum 1
No 4 6.6 Maximum 42
Alive at 3 months Percentile 25 7
Yes 53 86.9 Percentile 75 16
No 8 13.1 Serum FLC levels before the last HCO-HD mg/1
Alive at 6 months Mean 2315.2
Yes 49 80.3 Median 1209.5+3067.1
No 12 19.7 Minimum 30
Maximum 14,335
Percentile 25 5213
Table 4 Kidney function parameters follow-up at 3 and 6 months Percentile 75 2656
Average reduction in serum FLCs per one HCO- %
N=53 % HD session
Mean 65.8
Renal recovery at 3 months (dialysis-free) Median 68.8+17.2
Yes 26 49.1 Minimum 17.7
No 27 309 Maximum 97.6
Renal recovery at 6 months (dialysis-free) N=49 % Percentile 25 61.9
Yes 30 61.2 Percentile 75 77.2
No 19 38.8
Creatinine at 3 months if dialysis-free (n=21) mg/dl
Mean 1.74 Table 6 Myeloma response after the first line of chemotherapy
Median 1.3+1.3
Minimum 0.7 N=61 %
Maximum 4.7 Hematological response based on Multiple Myeloma Response
Percentile 25 0.8 Criteria
Percentile 75 2.1 sCR 1 1.64
Creatinine at 6 months if dialysis-free (n=24) mg/dl CR 5 8.2
Mean 2 VGPR 12 19.67
Median 1.5+1.4 PR 7 11.48
Minimum 0.6 SD 1 1.64
Maximum 5.1 PD 5 8.2
Percentile 25 0.9 Died during treatment period 1 1.64
Percentile 75 3.0 Not known 28 45.9

noted at six months. This suggests that these patients do not
respond well to bortezomib-based antimyeloma treatment
and produce excessive amounts of FLCs despite their extra-
corporeal removal.

Discussion

Impairment of kidney function is an independent negative
prognostic factor of capital importance in MM. Recov-
ery of kidney function and hematologic response are the
strongest markers associated with patient survival [2].
There is a relationship between the rapid reduction of

sCR stringent complete remission, CR complete remission, VGPR
very good partial response, PR partial response, MR minimal
response, SD stable disease, PD progressive disease

FLCs in serum and the improvement of kidney function
[7, 8]. In a large cohort study of 1542 patients, kidney
impairment was one of the major causes of early death
after diagnosis of MM [9]. Since the development of AKI
predicts poor prognosis for MM patients and the cast
nephropathy-induced AKI is due to elevated FLC produc-
tion by the plasma cells, the most important predictive fac-
tor for kidney recovery is rapid reduction of sFLC either
by removing them from serum or by inhibiting their pro-
duction with potent anti-myeloma drugs [10, 11]. The role
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Table 7 Outcomes per myeloma response

Mortality per hematological response N=31 Alive at 3 months Alive at
6 months
sCR or CR 6 6 6
VGPR 12 12 12
PR 7 7 5
SD or PD 6 6 5
Renal outcomes per hematological response N=28 Off dialysis at 3 months Off dialysis
at 6 months
sCR or CR 6 5 5
VGPR 12 8 12
PR 5 3 3
SD or PD 5 2

of novel anti-myeloma agents, i.e. proteasome inhibitors
such as bortezomib in the management of patients with
MM presenting with severe kidney impairment was evalu-
ated in the EULITE study [5]. After 90 days, 24 (56%)
patients in the HCO-HD group and 24 (51%) in the high-
flux hemodialysis (HF-HD) group were independent of
dialysis (P=0.81). In the MYRE study [4], dialysis inde-
pendency was achieved in 33% and 43% of study patients
at three months and in 37.5% and 60% at six months in the
control and HCO arms, respectively. The removal of FLCs
via HCO dialysis without appropriate chemotherapy has
only a minor effect due to the high rate of FLC produc-
tion in patients with untreated MM and the rapid re-dif-
fusion from tissues into the bloodstream [12]. Especially
the use of the proteasome inhibitor bortezomib seems to
be beneficial as it requires no dose-adjustment in patients
with kidney impairment [13, 14]. Thus, in many centers a
bortezomib-containing regimen is actually considered the
treatment of choice for MM patients presenting with AKI.

Recently, studies using HCO-HD have shown both,
in vitro and in vivo, a high efficacy for sFLC removal
[15]. In our study, at the individual end of HCO-HD treat-
ment, the mean FLC serum concentration was 10.8% from
baseline, which corresponds to a reduction of 8§9.2%. Our
study shows a considerable sFLC clearance with HCO-
HD combined with bortezomib treatment [6, 16]. Also, the
median glomerular filtration rate increased substantially
and clinically meaningfully, i.e. half of the patients became
dialysis-independent. These data are in line with those of
Hutchison et al. [12], who reported a kidney recovery rate
of 65% at month 3 of treatment with HCO-HD and bort-
ezomib, and an estimated glomerular filtration rate of 40
(range 11-83) ml/min/1.73m?. While a randomized con-
trolled trial (59 patients) showed a dialysis independence
rate of 41% for the HCO dialysis therapy group, a retrospec-
tive case—control study (98 patients) reported a 65.6% rate
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of dialysis independency [16, 17]. Nevertheless, the rand-
omized EULITE trial showed no overall benefit regarding
dialysis independence for patients on HCO dialysis as com-
pared to HF-HD [5]. The MYRE trial also did not meet the
primary outcome defined as dialysis independence at three
months, but met the secondary outcome at six months [4].

Our data come from a real-world analysis of patients
with newly diagnosed MM complicated by AKI requiring
kidney replacement therapy. As per the current recommen-
dations, HCO dialysis was administered to these patients
if decided by the treating physician. The kidney recovery
rate in our patients was 42.6% at three months and 49.2%
at 6 months, which is similar to previously published data
in the era of novel anti-myeloma drugs. It also suggests that
kidney recovery can take longer than three months in the
case of cast nephropathy. Patients who achieved complete
remission or very good partial response after the first line of
chemotherapy had, as anticipated, a better prognosis in terms
of mortality, but also in terms of kidney outcome.

In summary, facilitated removal of sFLCs by extracorpor-
eal techniques did not show a significant benefit in terms of
kidney recovery. Both randomized trials had their limitations
in terms of sample size and selection bias [18].

Our study was not interventional and thus no firm conclu-
sions can be drawn from our results. It should also be noted
that a large heterogeneity was present in our cohort, which
is another limitation of the current work. However, it seems
that patients in whom the antimyeloma treatment is not suc-
cessful do not benefit from HCO-HD treatment, as the rapid
production and re-distribution of FLCs prevent sufficient
elimination by facilitated removal.

We confirm that HCO-HD combined with bortezomib
treatment is effective, but still dissatisfactory and we pro-
pose a strategy for rapid and profound suppression of light
chain production by complementary administration of the
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Table 8 Subgroup analysis per kidney outcome

Renal outcome at 3 months (n=53)

Dialysis free n=26

Dialysis-dependent n=27

Number of HCO-HDs
Mean
Median
Minimum
Maximum
Percentile 25
Percentile 75

FLC at commencement of HCO-HD
Mean
Median
Minimum
Maximum
Percentile 25
Percentile 75

FLC before the last HCO-HD
Mean
Median
Minimum
Maximum
Percentile 25
Percentile 75

11.6

11+6

3

27

7

14.3

mg/l

8089

6304 +6993
334

27,205
2530
12,700
mg/l

2313

1128 +£3331
30

14,335

573

2537

14.5

13+11

1

42

5.5

23.3

mg/1

14,565
8440+16,516
1111

86,613
5646

13,850

mg/l

2382

1607 +2937
64

13,574

514

2844

Renal outcome at 6 months (n=49)

Dialysis-free n=30

Dialysis-dependent n=19

Number of HCO-HDs
Mean
Median
Minimum
Maximum
Percentile 25
Percentile 75
FLC at commencement of HCO-HD
Mean
Median
Minimum
Maximum
Percentile 25
Percentile 75
FLC before the last HCO-HD
Mean
Median
Minimum
Maximum
Percentile 25

Percentile 75

11

116

2

27

7

133

mg/1

8612
7460+ 6700
334

27,205
2670
12,806
mg/l

2175

1128 +3121
30

14,335

573

2538

15.2
13.5+11.3
1

42

6.8

24.5

mg/1

15,028
8038 +17,485
1320
86,613
5646

16,745

mg/l

2463

1607 +£3115
112

13,574

497

3412
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most potent anti-myeloma compounds in combination with
conventional non-HCO-HD.

Unfortunately, myeloma patients with severe kidney
impairment are typically excluded from clinical trials test-
ing modern anti-myeloma compounds. To corroborate the
proposed strategy, we are currently running a phase 2 trial
designed exclusively for such patients, where a modern
quadruplet combination therapy accompanied by conven-
tional dialysis is administered.
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