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Abstract

There is little long-term outcome data on the efficacy of autologous hematopoietic stem cell transplantation (ASCT) in light chain 
deposition disease (LCDD). We identified 51 LCDD patients in the European Society for Blood and Bone Marrow transplantation 
registry who had undergone upfront ASCT between 1995 and 2021. The median serum creatinine was 280 µmol/L and 45% re-
quired renal replacement therapy (RRT) at time of transplant. The melphalan dose was 100 mg/m2 in 23%, 140 mg/m2 in 55% and 
200 mg/m2 in 21%. The rate of very good partial response or better improved from 41% pretransplant to 66% at day +100 post-
ASCT. In RRT-independent patients, there was a modest improvement in renal function within the first 3 months; the median 
estimated glomerular filtration rate increased from 44 to 51 mL/min/1.73 m2. There was no further change between 3 and 12 
months post-ASCT. No patient who was RRT-independent at ASCT became RRT dependent by day + 100 post-ASCT. Median fol-
low-up post-ASCT was 84 months (interquartile range [IQR]: 46-122). At 6-years post ASCT, overall survival was 88% (95% con-
fidence interval [CI]: 78-98) and PFS was 44% (95% CI: 28-60). The 2-year cumulative incidence of relapse and non-relapse 
mortality was 17% (95% CI: 6-27) and 2% (95% CI: 0-6), respectively. The cumulative incidence of renal transplantation at 4 years 
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Introduction

Light chain deposition disease (LCDD) is a rare disease in-
volving deposition of amorphous non-amyloid monoclonal 
immunoglobulin light chains (AL), most often κ restricted, 
along basement membranes.1-3 It is frequently associat-
ed with plasma cell disorders such as multiple myeloma 
(MM) or other B-cell lymphoproliferative disorders though, 
sometimes no clonal B-lymphocytes/plasma cells can be 
identified. LCDD typically involves organs, the kidneys being 
the cardinal organ involved, but also rarely the heart, liver 
and peripheral nerves.1-7

Therapeutic approaches historically have been adapted from 
the treatment algorithm followed for MM. Both bortezomib 
and lenalidomide based regimens have shown encouraging 
results.8,9 High-dose melphalan followed by autologous stem 
cell transplantation (ASCT) has also shown favorable out-
comes in few retrospective studies with a limited number 
of patients focusing on LCDD/heavy chain DD, demonstrat-
ing that hematological response along with some organ 
responses can be achieved.10-12 However, the role of ASCT 
remains, on occasion, controversial in this setting, especial-
ly as these patients quite frequently demonstrate marked 
renal impairment, sometimes requiring renal replacement 
therapy (RRT). Therefore, ASCT toxicity and morbidity in this 
setting can be a considerable challenge. Of note, successful 
reversal of renal failure with RRT independence has been 
previously reported following ASCT in some cases.13

We hereby report outcomes from a retrospective, multicentre, 
European Society for Blood and Bone Marrow Transplanta-
tion (EBMT) registry-based study of 51 adult patients with a 
confirmed diagnosis of LCDD who underwent ASCT, assessing 
toxicity and efficacy with regard to both hematological and 
renal responses.

Methods

Study design and patient selection
This was a retrospective, multicenter, registry-based analysis 
approved by the Chronic Malignancies Working Party of the 
EBMT. The EBMT is a non-profit, scientific society represent-
ing more than 600 transplant centers mainly in Europe. Data 
are entered, managed, and maintained in a central database 
with internet access. Each EBMT center is represented in this 
database. All centers commit to obtain informed consent 
according to the local regulations applicable at the time in 
order to report pseudonymized data to the EBMT.
Newly diagnosed LCDD patients who underwent upfront 

ASCT between 1995 and 2021 were selected from the EBMT 
database. In addition, we contacted 469 ASCT centers to 
ask whether any LCDD patients had received ASCT during 
this period. For patients thus identified, renal biopsy reports 
were requested from the centers. Submitted renal biopsy 
reports were checked and verified by two AL amyloido-
sis-specialized physicians. Inclusion criteria mandated a 
diagnosis of LCDD made after renal biopsy showing typical 
glomerular and tubular lesions by light microscopy, im-
munofluorescence and electron microscopy analysis. The 
presence of AL amyloidosis was an exclusion criterion as 
well as other MGRS.

Outcome
The primary endpoint of the study was the cumulative 
incidence of non-relapse mortality (NRM). Secondary end-
points were overall survival (OS), progression-free survival 
(PFS) and cumulative relapse incidence (RI), neutrophil and 
platelet engraftment, renal transplantation, hematological 
and renal response.

Engraftment
Time to neutrophil engraftment was defined as the first of 
3 consecutive days with a neutrophil count >0.5×109/L and 
time to platelet engraftment the first of 3 consecutive days 
with an unsupported platelet count >20×109/L. The use of 
growth factor was allowed.

Light chain deposition disease hematological response 
criteria
Disease response to treatment was defined according to 
the new criteria for response to treatment in AL amyloidosis 
based on free light chain measurement.14,15

Evaluation of renal function
Renal function was assessed by serum creatinine level and 
estimated glomerular filtration rate (eGFR) calculated using 
the CKD-EPI (Chronic Kidney Disease Epidemiology Collab-
oration) equation. Renal response was based on the criteria 
proposed by the International Myeloma Working group.16 We 
did not use the amyloid renal response criteria based on 
proteinuria.

Outcome after autologous stem cell transplantation
OS was considered to be the time from ASCT to death from 
any cause, and PFS was the time from ASCT until disease 
relapse/progression or death, whichever occurred first. 
NRM was defined as death post-ASCT without relapse/
progression.

after ASCT was 27% (95% CI: 13-41) with renal transplantation performed between 6.3 and 52.9 months post-ASCT (median 24.7 
months). ASCT represents a feasible option for LCDD patients even if RRT dependent at time of transplant. Outcomes are favor-
able with low non-relapse mortality and good long-term overall survival.
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Statistical analysis
Quantitative data were described by median, interquartile 
ranges (IQR). Qualitative data were presented by their fre-
quency and proportion, calculated among subjects with no 
missing values for the corresponding variable. The median 
follow-up was calculated using the reverse Kaplan-Meier 
estimator.17 Both time to neutrophil and time to platelet 
engraftment were analyzed using the crude cumulative 
incidence estimator with death as a competing event. OS 
and PFS were estimated with the Kaplan-Meier method, 
and cumulative incidence of relapse (CIR) and NRM were 
estimated using the crude cumulative incidence function 
to account for the competing event. In order to test for dif-
ferences between groups the log-rank test was used for OS 
and PFS and Gray’s test was used for RI and NRM. A multi-
state model was used to give an overview of the probability 
of events or states after ASCT. We used a non-parametric 
time inhomogenous Markov model stratified for RRT status 
at ASCT.17 All analyses were performed in R version 4.2.2 
using ‘survival’, ‘cmprsk’ and ‘prodlim’, ‘mstate’18 and ‘lme4’ 
packages.19

More details are available in the Online Supplementary Ap-
pendix.

Results

Baseline patient characteristics at diagnosis
One hundred and thirty-five patients with a registered LCDD 
diagnosis and an ASCT during 1995-2021 were identified in the 
EBMT database and renal biopsy reports for these patients 
were requested. In addition, 469 centers were asked to send 
renal biopsy reports of any patient with a LCDD diagnosis 
and an ASCT during this period. Renal biopsy reports were 
thus received for 63 patients. After checking the reports, a 
total of 51 patients with a verified LCDD diagnosis from 24 
EBMT-registered centers were included in the study (Table 
1). For 40 patients additional data was acquired through the 
data questionnaire. Sixty-three percent were male and the 
median year of diagnosis was 2011 (IQR, 2009-2016). The 
underlying plasma cell disorder was MM (62%), smoldering 
myeloma (8%) and monoclonal gammopathy of unknown  
significance (MGUS, 30%). Among 38 patients with data 
available, 16% had evidence of bone lesions. Median bone 
marrow aspirate plasma cell burden was 10% (IQR, 7.8-20) 
and serologic immunoglobulin (Ig) isotype (available in 44 
patients, 86%) was IgG in 25%, IgA in 2.5%, light chain in 
70%, and IgD in 2.5%. Light chain distribution (available in 
44 patients, 86%) was κ in 82%, and λ in 18%. Median κ and 
λ light chain serum concentration were 575 mg/L (IQR, 146-
1,095) and 20.4 mg/L (IQR, 11.7-43.5), respectively. Among the 
17 patients with cytogenetics available, three patients had a 
translocation t (11;14) and 1 a deletion of 17p. Among the 40 
patients with available data on disease involvement, three 
patients additionally demonstrated cardiac involvement and 

two patients hepatic involvement. At diagnosis, median serum 
creatinine was 233 µmol/L (IQR, 159-467) and the median 
level of proteinuria was 1,813 mg/24 hours (IQR, 445-5,974). 
The renal histology was: glomerulosclerosis in 39 patients 
(76%) with a glomerular involvement ≤50% in 22 (88%) and 
>50% in three (12%) (quantification available in 25 patients), 
tubular atrophy in 36 patients (71%) with ≤50% involvement 
in 12 (63%) and >50% in seven (37%) (quantification available 
in 19 patients) and interstitial fibrosis in 41 patients (80%) 
with ≤50% involvement in 18 (69%) and >50% in eight (31%) 
(quantification available in 26 patients). No crescentic glo-
merulonephritis was mentioned.

Induction regimen
Among the 44 patients with data available, 42 patients 
(95%) received an induction regimen prior to ASCT (in 89% 
bortezomib-based). Induction regimens (available for 41 
patients) comprised of: bortezomib and dexamethasone, 
N=19; bortezomib, thalidomide and dexamethasone, N=5; 
bortezomib, lenalidomide and dexamethasone, N=6; borte-
zomib, adriamycin and dexamethasone, N=4; daratumumab 
and bortezomib-thalidomide-dexamethasone, N=2;  borte-
zomib cyclophosphamide and dexamethasone, N=1; cyclo-
phosphamide, thalidomide dexamethasone, N=1; vincristine, 
adriamycin and dexamethasone, N=1; bortezomib, melphalan 
and dexamethasone, N=1; and dexamethasone alone, N=1. A 
total of four patients had two lines of induction treatment.

Stem cell collection
Stem cell mobilization regimen detail was available in 42 
patients (82%). This comprised of granulocyte colony-stim-
ulating factor (G-CSF) in 26 (62%), granulocyte macro-
phage-CSF (GM-CSF) in two (5%), G-CSF + plerixafor in two 
(5%), plerixafor alone in one (2%) and cyclophosphamide 
based in 11 (26%) patients. The number of days of apheresis 
for collection was 1 in 41 (93%) cases, one patient had two 
courses of mobilization (each mobilize with G-CSF alone).

Patient characteristics at transplant
Median age at transplant was 55 years (IQR, 49-61) with a 
median time from diagnosis to transplant of 7.4 months (IQR, 
5.5-13.0). Karnofsky performance status was >80 in 79% of 
the patients; 59% of patients underwent ASCT in 2012 or 
later. Data on RRT status was available in 38 patients (75%). 
A total of 17 patients (45%) were undergoing RRT at time 
of ASCT. Hematological response at ASCT was as follows: 
complete reponsee (CR) in six patients (12%), very good 
partial response (VGPR) in 15 (29%), partial response (PR) 
in 16 (31%), stable disease (SD) in eight (16%), relapse/pro-
gression in three (6%), and three patients were not treated 
prior to ASCT (6%).

Transplant characteristics, engraftment and 
consolidation/maintenance
Melphalan conditioning dose (available in 47 patients, 92%) 
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Table 1. Characteristics of the study population at diagnosis and at transplantation (N=51).

Characteristics at diagnosis Values

Male sex, N (%) 32 (63)

Underlying plasma cell disorder, missing N=14, 27%, N (%)
Myeloma
Smoldering myeloma
MGUS

23 (62)
3 (8)

11 (30)

RRT-dependant, missing N=11, 22%, N (%)
Yes
No

21(53)
19 (47)

Lytic bone lesions, missing N=13, 25%, N (%)
No
Minor
Major

32 (84)
4 (11)
2 (5)

Bone marrow plasmacytosis %, missing N=11, 22%, median (IQR)
Patients with bone marrow plasmocytosis ≥10%, N (%)
Patients with bone marrow plasmocytosis ≥60%, N (%)

10 (7.8-20)
23 (45)

1 (2)

Monoclonal protein isotype, missing N=7, 14%, N (%)
IgG
IgA
Light chain
Ig D

11(25)
1 (2.5)
31 (70)
1 (2.5)

International Staging System, missing N=38, 75%, N (%)
I
II
III

1(7)
4 (31)
8 (62)

Serum light chain mg/L
κ, missing N=16, 31%, median (IQR)
λ, missing N=17, 33%, median (IQR)

575 (146-1,095)
20 (12-44)

Involved/uninvolved FLC ratio, missing N=17, 33%, median (IQR)
FLC ratio >100, missing N=17, 33%, N (%)

21 (2.9-83.3)
6 (18)

Serum creatinine µmol/L, missing N=10, 20%, median (IQR) 233 (159-467)

Proteinuria (mg/24 hours), missing N=21, 41%, median (IQR) 1,813 (445-5,974)

Characteristics at transplant Values

Pretransplant induction, missing N=7, 14%, N (%)
No therapy
Bortezomib-based therapy
Cyclophosphamide-based therapy
VAD
Dexamethasone alone

2 (5)
39 (89)

1 (2)
1 (2)
1 (2)

Age in years, median (IQR) 55 (49-61)

Serum creatinine µmol/L, missing N=11, 22%, median (IQR) 280 (146-510)

Proteinuria (mg/24 hours), missing N=31, 61%, median (IQR) 569 (178-1,961)

RRT dependant, missing N=12, 26%, N (%)
Yes
No

17 (45)
22 (55)

Time in months from diagnosis to transplant, median (range) 7 (6-13)

Karnofsky score, missing N=9, 18%, N (%)
> 80
≤ 80

33 (79)
9 (21)

IQR: interquartile range; MGUS: monoclonal gammopathy of unknown significance; RRT: renal replacement therapy; FLC: free light 
chain ratio, monoclonal protein isotype is defined by serologic immunofixation; VAD: vincristine adriamycine dexamethasone.
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was 100 mg/m2 in 11 patients (23%), 140 mg/m2 in 26 patients 
(55%) and 200 mg/m2 in ten patients (21%). In patients on 
RRT: the melphalan conditioning dose was 200 mg/m2 in 
one, 140 mg/m2 in nine and 100 mg/m2 in seven, in patients 
not on RRT: 200 mg/m2 in seven, 140 mg/m2 in 11 and 100 
mg/m2 in three (for 9 patients: unknown whether or not 
they were on RRT). 
Median number of CD34+ cells x106/kg infused was 3.4 (IQR, 
2.5-4.6) and 13 (33%) received GCSF post ASCT. The median 
time to neutrophil engraftment was 12 days (IQR, 11-13) and 
median time to platelet engraftment was 13 days (IQR, 11-
16). Out of a total of 39 patients (76%) with data available, 
five patients (13%) had received post-ASCT consolidation. 
Consolidation comprised bortezomib-based regimens (N=4) 
or pomalidomide plus dexamethasone plus daratumumab 
(N=1). Three patients (8%) had maintenance treatment post-
ASCT out of a total of 37 with data available (73%).

Hematological response at day +100 post-autologous 
stem cell transplantation
The best hematological response at day +100 post-ASCT 
(available in 39 patients, 76%) was as follows: CR: 17 (43.6%), 
VGPR: nine (23.1%) and PR: ten (33.3%) and three patients 
who had progressed at day +100 (missing 12 [23.5%]). Re-
sponse improvement from pre-ASCT to day +100 post-ASCT 
is shown in Table 2.

Renal outcome
From the time of LCDD diagnosis to ASCT, among the 51 pa-
tients, 33 patients were assessable (11 patients did not have 
data on RRT status, 6 patients were not assessable because 
the eGFR at diagnosis was >50 mL/min and in 1 case the 
eGFR was missing at diagnosis). Among these 33 assessable 
patients: 21 patients were on dialysis at some point from di-
agnosis, one patient reached a partial renal response (PRenal), 
one patient a minimal renal response (MRenal), one patient 
progressed and nine patients had no response. Concerning 
patients on dialysis: 21 patients were on dialysis at some 
time point between diagnosis and ASCT (11 unknown), 17 at 
time of ASCT and 16 after ASCT (1 patient went off dialysis 14 
months after ASCT). These numbers do not take into account 
patients who proceeded to renal transplantation. There was 
no change in RRT status at day +100 in either the 17 RRT-de-
pendent or 21 independent patients. Figure 1A shows eGFR at 
ASCT, and at +3, +6 and +12 months among 37 patients with 
known RRT status and eGFR data available. In patients with 
measurements at both time points, the mean eGFR improved 
slightly within the first 3 months post-ASCT in patients not 
on RRT at ASCT with the mean eGFR increasing from 52 at 
ASCT to 57 mL/min/1.73 m2 (paired t test, P=0.19). The eGFR 
evolution for each individual patient is shown in Figure 1B as 
well as the mean eGFR between ASCT and 1 year post-ASCT 
for patients not on RRT as estimated using the linear mixed 
effects model including 126 eGFR measurements obtained 
from 37 patients. Estimated mean eGFR at ASCT was 50.7 

mL/min/1.73m2 (95% CI: 39.4-62.1) in those not on RRT. There 
was no significant changes in eGFR after ASCT (test whether 
slope is different from 0; P=0.64,). Altogether, three of 27 eval-
uable patients (11%) improved their renal function according 
to IMWG criteria (Table 3). Of 40 patients with data available 
on renal transplantation status, the cumulative incidence of 
renal transplantation at 4 years after ASCT was 27% (95% CI: 
13-41). Renal transplantations were performed between 6.3 
and 52.9 months post-ASCT with a median of 24.7 months. 
One patient who was on RRT at the time of transplant got 
off dialysis 14 months after the transplant (without renal 
transplantation).

Survival, relapse incidence and non-relapse mortality
Median follow-up time after ASCT was 84 months (IQR, 
46-122). Outcomes after ASCT are shown in Figure 2 for all 
patients. The 100-day and the 2-year cumulative incidence 
of NRM was 2% (95% CI: 0-6). At 6 years post-ASCT, OS was 
88% (95% CI: 78-98) and PFS was 44% (95% CI: 28-60). Me-
dian OS was not reached (NR), median PFS was 65 months 
(95% CI: 45-103; IQR, 27.9-NR) and 2-year cumulative RI was 
17% (95% CI: 6-27). Nine patients died during the follow-up: 
six (67%) of relapse/progression, two (22%) infection and 
one (11%) organ damage/failure. The only patient who died 
before relapse/progression had multiple  organ failure (in-
cluding renal) at day 9.
In univariable analyses, RRT status at ASCT was not signifi-

Table 2. Hematological responses between autologous stem cell 
transplantation and day 100 following autologous stem cell 
transplantation in 39 patients.

Response, N (%)
Total number of

assessable patients
N=39

Worsening
VGPR-PR

3 (7.7)
3 (7.7)

Stability
CR-CR
VGPR-VGPR
PR-PR

15 (38.5)
5 (12.8)
3 (7.7)

7 (18.0)

Improvement
Not treated - VGPR
Relapse - PR
Relapse - VGPR
SD - PR
SD - CR
PR - VGPR
PR - CR
VGPR - CR

21 (53.8)
1 (2.6)
2 (5.1)
1 (2.6)
1 (2.6)
2 (5.1)

4 (10.2)
4 (10.2)
6 (15.4)

For 12 (23%) of the total 51 patients no day 100 response data was 
available, hence only the data of 39 patients is shown. Percentages 
shown are calculated as the percentage of all patients with an eval-
uable response at day 100. Responses were assessed according to 
criteria for response to treatment in immunoglobulin light chain am-
yloidosis.14 CR: complete response; VGPR: very good partial response; 
PR: partial response; SD: stable disease.
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cantly associated with OS and PFS (Online Supplementary 
Figure S1). Undergoing ASCT in or after the year 2012 was 
associated (log-rank P=0.05) with a better OS (6-year OS: 
100% vs. 75%), women (log-rank P=0.05) tended towards a 
better OS (6-year OS: 100% vs. 82%). Karnofsky performance 
status, age and status of disease at ASCT (VGPR or better 
vs. other) did not have a significant association with any 
outcome measure in this small cohort.

Status post autologous stem cell transplanatation
Figure 3 shows the probability of being in different stages of 
renal and hematological disease post-ASCT for patients on 
RRT (Figure 3A) and patients not on RRT at ASCT (Figure 3B). 
All patients started as being event-free, and could subse-
quently move to either having had a hematological relapse or 
progression, having had a renal transplantation, a combina-
tion of these two events or death. At 4 years post-ASCT the 
probability for a patient on dialysis at ASCT to be event-free 
was 24% (95% CI: 11-54), to have had a renal transplantation 
(possibly after of followed by hematological relapse) was 58% 
(95% CI: 39-85), to be in a state of hematological relapse 
was 22% (95% CI: 10-52) and to have died was 6% (95% CI: 
1-27). For patients who were not on RRT at ASCT these 4-year 
estimates were 54% (95% CI: 37-78), 11% (95% CI: 3-43), 35% 
(95% CI: 17-73) and 4% (95% CI: 0-37) respectively.

Discussion

This is the first international, multicenter, retrospective study 
analyzing outcomes following ASCT in patients with LCDD. 
Even though a significant proportion (45%) of the patients 
were on RRT at the time of transplant, we observed a low 

2-year cumulative NRM rate of only 2% for such a high-risk 
population. Moreover, hematological responses by day +100 
post-ASCT were very encouraging accompanied by more 
modest improvements in renal function. Indeed, no patient 
of the non RRT group had worse renal function after ASCT 
and 11 % improved their renal function at day 100.

Figure 1. Estimated glomerular filtration rate at autologous stem cell transplantation, and 3, 6 and 12 months post-autologous stem 
cell transplantation in renal replacement therapy-independent patients. (A) Data shown as boxplots. The horizontal line shows the 
median, edges of the box show the interquartile range (IQR) and end of the whiskers show 1.5xIQR. (B) Individual estimated glomer-
ular filtration rate (eGFR) trajectories in renal replacement  therapy-independent patients, the estimated mean eGFR and 95% 
confidence interval around the mean estimated using a linear mixed effects model. ASCT: autologous stem cell transplantation.

A B

Table 3. Renal responses at day 100 post autologous stem cell 
transplantation in 38 patients with renal replacement therapy 
status at autologous stem cell transplantation available.

Renal response at day 100 post-ASCT N (%)*

Total number of patients 38

Total number of assessable patients 27 (100)

CRenal 1 (4)

PRenal 0

MRenal 2 (7)

No response 7 (26)

Progression 0

Still on dialysis 17 (63)

Not assessable (baseline eGFR ≥50 mL/
min/1.73 m2) 8

Not assessable (missing baseline or day 
100 eGFR) 3

Responses were assessed according to the International Myeloma Work-
ing Group Recommendations for the diagnosis and management of my-
eloma-related renal impairment.16 CRenal: complete renal response; 
PRenal: partial renal response; MRenal: minimal renal response. ASCT: 
autologous stem cell transplantation; eGFR: estimated glomerular filtra-
tion rate. The response reported are based on improvement from pre-
transplant until day 100 post-transplant. *Percentages calculated for the 
total number of assessable patients.
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Our experience is in keeping with prior reports, albeit of 
much smaller cohorts, that have described an important 
role for ASCT in patients with monoclonal immunoglobu-
lin deposition disease (MIDD). Weichman and colleagues 
described six patients, five with LCDD and one with light 
chain crystal deposition disease (LCCDD), who underwent 
ASCT and who achieved a good outcome with acceptable 
toxicity.20 Hassoun et al. described that most patients in 
a small cohort (N=7) demonstrated complete hematologic 
remission (CHR) followed by renal improvement and rever-
sal of RRT dependence in one case.21 Royer and colleagues 
subsequently reported their experience in 11 patients with 
LCDD/HCDD who received a variety of therapeutic regi-
mens.10 Regarding ASCT response, they too reported an 
overall favorable outcome, including CHR in five patients, 

improvement of renal function in four patients and sever-
al patients with cardiac and/or hepatic involvement who 
additionally demonstrated organ-specific improvements. 
Lorenz and co-workers reported the long-term outcome 
after ASCT of six patients. Although one patient did not 
survive the procedure, five had a hematological response 
by standard criteria and four who were not on RRT at the 
time of transplantation had a renal response as assessed by 
improvements in their GFR.12 More recently, a single-center 
reported their experience with 36 patients, 32 AL amyloi-
dosis and four with MIDD, all on RRT. Here, the NRM at day 
+100 post-ASCT was 8%, at 1 year 70% achieved a CHR and 
the median OS for the entire cohort was 5.8 years.13

We observed an initial increase in renal function by day 
+100 post-ASCT which was not statistically significant for 

Figure 3. Probability of being in different stages of (combinations of) hematological and renal disease after autologous stem 
cell transplantation in patients, based on a multi-state model. (A) Patients on renal replacement therapy (RRT) and (B) patients 
not on RRT. At each time point the distance between two adjacent curves represents the probability of being in the corre-
sponding state. The probability of being ‘event-free’ decreases over time and the probability of being in intermediate states 
‘renal transplantation’, ‘hematological relapse’, ‘hematological relapse after renal transplantation’ and ‘hematological relapse 
followed by renal transplantation‘ can both increase and decrease over time, whereas the probability of ‘death’ can only in-
crease over time. Hem: hematological; transpl.: transplantation.

A B

Figure 2. Survival, relapse incidence and non-relapse mortality. Probability of (A) overall survival (OS), (B) progression-free sur-
vival (PFS), (C) cumulative incidence of relapse (RI) and (D) non-relapse mortality (NRM). Numbers below the graphs show the 
number at risk. Shaded areas show the 95% confidence intervals. 

A B C D
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improvement. The success of ASCT in curbing continued renal 
dysfunction may clearly depend on achieving CHR. Indeed, in 
similar other monoclonal gammopathy of renal significance, 
it was possible to correlate the renal response with the he-
matologic response. Recently, a large French study, based 
on 255 MIDD patients, identified several factors associated 
with renal response, such as achievement of at least a very 
good partial hematological response, and the absence of se-
vere interstitial fibrosis on diagnostic kidney biopsy.22 Deep 
hematologic response was also associated with OS. In order 
to further improve the renal function, one should therefore 
attempt to deepen the hematological response. Therefore, in 
this setting, maintenance treatment post-ASCT may potentially 
be beneficial as has been clearly shown post transplantation 
in myeloma patients with normal renal function.23

Historically, long-term renal recovery after ASCT was not 
possible for patients with LCDD; however, with the advent 
of new myeloma-directed treatments and deeper hemato-
logical responses, some patients can now become RRT inde-
pendent. In our study, even though there was no long-term 
renal improvement, because the hematological disease was 
under control, many patients could subsequently undergo 
successful renal transplantation although it is important to 
stress that renal transplantation was performed because 
the hematological disease was under control.
There are some limitations to this study. We analyzed re-
nal function only according to the International Myeloma 
Working Group criteria and we now know that it may not be 
optimal: amyloid renal response criteria are also valuable 
and the two assessments are complementary especially 
for patients who do not have a low eGFR at diagnosis and 
those without proteinuria.24 There is also a selection bias 
in that only LCDD patients deemed as being sufficiently fit 
would be considered for and offered the ASCT option, with 
many requiring renal support during the procedure. Moving 
forwards, the relevance of the ASCT option in the context 
of a progressively expanding, therapeutic armamentarium 
is a consideration. Even though our data shows encouraging 
results, novel immunotherapeutics can significantly improve 
overall outcomes in plasma cell disorders. For example, 
targeted therapeutic monoclonal antibodies have shown 
great promise in both AL amyloidosis and LCDD.25 In the 
latest series of eight patients with LCDD and MM treated 
with the anti-CD38 monoclonal antibody daratumumab 
because of hematologic relapse, a hematologic response 
was obtained in seven of eight patients, with stabilization 
of renal function.26 Other immunotherapies such as T-cell 
engagers27 and chimeric antigen receptor T cells,28 alone 

or in combinations, have rapidly entered the clinical arena 
and in preliminary experiences, they seem to be adminis-
tered safely to patients with renal insufficiency.29 However, 
ASCT still represents a highly effective (and cost-effective) 
means of inducing complete serological responses, which 
are important in protecting against further renal damage 
from LCDD, in both ‘original’ and transplanted kidneys. The 
combined use of ASCT alongside modern targeted therapeu-
tics enhance the probabilities of achieving and prolonging 
complete serological responses through maintenance and 
salvage therapies. This will not only enhance PFS and OSl, 
but also reduces the risk of renal progression, which is 
associated with therapeutic and prognostic disadvantages 
especially for those requiring RRT. Moreover, a deep sus-
tained complete serological response enhances consider-
ation and delivery of renal transplantation in appropriately 
selected patients. Patients should be considered at an early 
stage to factor in appropriate planning and maximize the 
long term benefits of renal transplantation.30,31

In summary, we report a multicenter experience with the use 
of ASCT in patients with LCDD, an experience that corrobo-
rates previous reports highlighting significant benefits. Renal 
dysfunction including RRT dependence can be reversed or 
stabilized with ASCT, with or without subsequent renal trans-
plantation. Because in this setting, the hematological disease 
is under control for a long period of time, renal transplanta-
tion can be a valid option. Ultimately, the goal of successful 
therapy may hinge on the complete suppression of light chain 
production. Further benefit in patients achieving less than a 
CR after a single ASCT may be provided by the use of novel 
agents and post-transplant maintenance therapy.

Disclosures
No conflicts of interest to disclose.

Contributions
LGa, LGr, SS, PH, DMcL designed the study. RM, LV, GK, KK, 
DD, MK, JK, HO, MJPC, JP, AR, US, JAS, CTH, XL, LG, JDS, 
KR and MB enrolled patients. LGa, LGr, Lde W, JAS, SS, PH 
and DMcL analyzed the data. LGa, LGr, Lde W, JAS, SS, PH 
and DMcL wrote the manuscript.

Acknowledgments
We thank the patients and their family

Data-sharing statement 
Data can be obtained upon request to the corresponding 
author.

References

	 1.	Pozzi C, D’Amico M, Fogazzi GB, et al. Light chain deposition 
disease with renal involvement: clinical characteristics and 
prognostic factors. Am J Kidney Dis. 2003;42(6):1154-1163.

	 2.	Nasr SH, Valeri AM, Cornell LD, et al. Renal monoclonal 
immunoglobulin deposition disease: a report of 64 patients from 
a single institution. Clin J Am Soc Nephrol. 2012;7(2):231-239.



Haematologica | 109 August 2024
2627

ARTICLE - Light chain deposition disease treated with HSCT  L. Garderet et al.

	 3.	Masai R, Wakui H, Togashi M, et al. Clinicopathological features 
and prognosis in immunoglobulin light and heavy chain 
deposition disease. Clin Nephrol. 2009;71(1):9-20.

	 4.	Cohen C, Joly F, Sibille A, et al. Randall-type monoclonal 
immunoglobulin deposition disease: new insights into the 
pathogenesis, diagnosis and management. Diagnostics. 
2021;11(3):420.

	 5.	Mohan M, Buros A, Mathur P, et al. Clinical characteristics and 
prognostic factors in multiple myeloma patients with light 
chain deposition disease. Am J Hematol. 2017;92(8):739-745.

	 6.	Sayed RH, Wechalekar AD, Gilbertson JA, et al. Natural history 
and outcome of light chain deposition disease. Blood. 
2015;126(26):2805-2810.

	 7.	Leung N, Bridoux F, Nasr SH. Monoclonal gammopathy of renal 
significance. N Engl J Med. 2021;384(20):1931-1941.

	 8.	Cohen C, Royer B, Javaugue V, et al. Bortezomib produces high 
hematological response rates with prolonged renal survival in 
monoclonal immunoglobulin deposition disease. Kidney Int. 
2015;88(5):1135-1143.

	 9.	Kimura S, Ohkawara H, Ogawa K, et al. Lenalidomide as a 
beneficial treatment option for renal impairment caused by light 
chain deposition disease. Intern Med. 2018;57(24):3651-3657.

	 10.	Royer B, Arnulf B, Martinez F, et al. High dose chemotherapy in 
light chain or light and heavy chain deposition disease. Kidney 
Int. 2004;65(2):642-648.

	 11.	Harada K, Akai Y, Sakan H, et al. Resolution of mesangial light 
chain deposits 3 years after high-dose melphalan with 
autologous peripheral blood stem cell transplantation. Clin 
Nephrol. 2010;74(5):384-8.

	 12.	Lorenz EC, Gertz MA, Fervenza FC, et al. Long-term outcome of 
autologous stem cell transplantation in light chain deposition 
disease. Nephrol Dial Transplant. 2008;23(6):2052-2057.

	 13.	Batalini F, Econimo L, Quillen K, et al. High-dose melphalan and 
stem cell transplantation in patients on dialysis due to 
immunoglobulin light-chain amyloidosis and monoclonal 
immunoglobulin deposition disease. Biol Blood Marrow 
Transplant. 2018;24(1):127-132.

	 14.	Gertz MA, Comenzo R, Falk RH, et al. Definition of organ 
involvement and treatment response in immunoglobulin light 
chain amyloidosis (AL): a consensus opinion from the 10th 
International Symposium on Amyloid and Amyloidosis. Am J 
Hematol. 2005;79(4):319-328.

	 15.	Palladini G, Dispenzieri A, Gertz MA, et al. New criteria for 
response to treatment in immunoglobulin light chain 
amyloidosis based on free light chain measurement and cardiac 
biomarkers: impact on survival outcomes. J Clin Oncol. 
2012;30(36):4541-4549.	

	 16.	Dimopoulos MA, Merlini G, Bridoux F, et al. Management of 
multiple myeloma-related renal impairment: recommendations 
from the International Myeloma Working Group. Lancet Oncol. 
2023;24(7):e293-e311.

	 17.	Schemper M, Smith TL. A note on quantifying follow-up in 
studies of failure time. Control Clin Trials 1996;17(4):343-346.

	 18.	de Wreede LC, Fiocco M, Putter H. Mstate: an R package for the 
analysis of competing risks and multi-state models. J Stat 
Softw. 2011;38(7):1-30.

	 19.	R Core Team. A language and environment for statistical 
computing. R foundation for statistical computing 2022. 
Accessed on 2022, Jan 1st. https://www.r-project.org/

	 20.	Weichman K, Dember LM, Prokaeva T, et al. Clinical and 
molecular characteristics of patients with non-amyloid light 
chain deposition disorders, and outcome following treatment 
with high-dose melphalan and autologous stem cell 
transplantation. Bone Marrow Transplant. 2006;38(5):339-343.

	 21.	Hassoun H, Flombaum C, D’Agati VD, et al. High-dose melphalan 
and auto-SCT in patients with monoclonal Ig deposition 
disease. Bone Marrow Transplant. 2008;42(6):405-412.

	 22.	Joly F, Cohen C, Javaugue V, et al. Randall-type monoclonal 
immunoglobulin deposition disease: novel insights from a 
nationwide cohort study. Blood. 2019;133(6):576-587.

	 23.	McCarthy PL, Holstein SA, Petrucci MT, et al. Lenalidomide 
maintenance after autologous stem-cell transplantation in 
newly diagnosed multiple myeloma: a meta-analysis. J Clin 
Oncol. 2017;35(29):3279-3289.

	 24.	Pianko MJ, Tiutan T, Derkach A, et al. Assessment of renal 
outcome following therapy in monoclonal immunoglobulin 
deposition disease: emphasizing the need for a consensus 
approach. Am J Hematol. 2023;98(3):421-431.

	 25.	Roussel M, Merlini G, Chevret S, et al. A prospective phase 2 
trial of daratumumab in patients with previously treated 
systemic light-chain amyloidosis. Blood. 2020;135(18):1531-1540.

	 26.	Milani P, Basset M, Curci P, et al. Daratumumab in light chain 
deposition disease: rapid and profound hematologic response 
preserves kidney function. Blood Adv. 2020;4(7):1321-1324.

	 27.	Moreau P, Garfall AL, van de Donk NWCJ, et al. et al. 
Teclistamab in relapsed or refractory multiple myeloma. N Engl 
J Med. 2022;387(6):495-505.

	 28.	Sadelain M, Riviere I, Riddell S. Therapeutic T cell engineering. 
Nature. 2017;545(7655):423- 431.

	 29.	Sidana S, Peres LC, Hashmi H, et al. Idecabtagene vicleucel 
chimeric antigen receptor T-cell therapy for relapsed/refractory 
multiple myeloma with renal impairment. Haematologica. 
2024;109(3):777-786.

	 30.	Bansal T, Garg A,  Snowden JA, et al. Defining the role of renal 
transplantation in the modern management of multiple 
myeloma and other plasma cell dyscrasias. Nephron Clin Pract. 
2012;120(4):c228-c235.

	 31.	Chitty DW, Hartley-Brown MA, Abate M. Kidney transplantation 
in patients with multiple myeloma: narrative analysis and 
review of the last two decades. Nephrol Dial Transplant. 
2022;37(9):1616-1626.


