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Abstract

Light chain deposition disease (LCDD) is a rare hematologic disorder 
that can affect any organ but predominantly involves the kidneys. Ex-
isting literature is limited to case reports and small single-center ret-
rospective series, explaining the lack of any treatment algorithms and 
management guidelines for patients with this disorder. In this system-
atic review of literature, we explored the role of standard and high-dose 
chemotherapy-autologous stem cell transplant for LCDD. A total of 11 
studies were identified to evaluate the hematologic and renal responses 
to various treatment regimens. Autologous stem cell transplant and bort-
ezomib-based regimens appear to have reasonable safety and efficacy 
for this rare hematologic disorder, albeit some statistical and analytical 
limitations. Large multicenter retrospective and prospective studies are 
needed to better elucidate the role of various chemotherapy regimens as 
well as autologous stem cell transplant for patients with LCDD.

Keywords: Light chain deposition disease; Bortezomib; Autologous 
stem cell transplant; Lenalidomide; Thalidomide

Introduction

Light chain deposition disease (LCDD) is a clonal plasma cell 
disorder characterized by the deposition of nonamyloid mono-
clonal light chains in multiple organs. It is a relatively rare 
condition with no known or reported incidence in literature. 
The median age at diagnosis is around 58 years, with a slightly 
higher preponderance for men [1]. More recently, Interna-
tional Kidney and Monoclonal Gammopathy Research Group 

Consensus characterized LCDD as part of monoclonal gam-
mopathy of renal significance (MGRS), a broader spectrum of 
B-cell proliferative disorders known to create monoclonal im-
munoglobulins toxic to kidneys. MGRS is divided into organ-
ized (fibrillar, microtubular, crystalline, or inclusionary) and 
non-organized, with LCDD falling into the latter category [2]. 
In contrast to patients with multiple myeloma (MM), under-
lying pathophysiology in LCDD involves end-organ damage 
associated with abnormal deposition of light chains as pro-
duced by the plasma cells, regardless of the plasma cell burden 
or magnitude of light chains production. Because of this, the 
disease course in LCDD is often aggressive and is associated 
with an overall poor prognosis [3]. The immunoglobulin light 
chains in LCDD are predominantly kappa light chains with 
granular tissue deposits. Unlike AL amyloidosis, these light 
chains do not form amyloid fibrils or stain Congo red [4]. Im-
munofluorescence staining is an important step in the initial di-
agnosis of LCDD, which usually shows monotypic deposition 
of light chains [5]. LCDD is also categorized as a monoclo-
nal immunoglobulin deposition disease (MIDD) in the World 
Health Organization (WHO) classification of plasma cell 
disorders. Other plasma cell disorders included in MIDD in-
clude heavy chain deposition disease (HCDD) and light heavy 
chain deposition disease (LHCDD), but LCDD is the most 
common entity amongst all [6, 7]. Factors associated with a 
worse prognosis include older age, advanced renal disease at 
the initial diagnosis, other associated plasma cell disorders, 
and extrarenal LCDD [8]. Due to the rarity of the disease and 
lack of randomized clinical trials, there are currently no Food 
and Drug Administration (FDA) approved therapies or univer-
sally accepted standard of care treatment options available for 
LCDD. The main goal of treatment is to slow the production 
and tissue deposition of light chains to prevent further dam-
age to the organ function. The treatment scheme is similar to 
MM, primarily including proteasome inhibitors (bortezomib), 
immunomodulatory agents (lenalidomide, thalidomide), and 
autologous stem cell transplant (ASCT). This review aims to 
provide a systematic summary of available literature regarding 
the various treatment options, including safety and efficacy of 
standard and high-dose chemotherapy for LCDD.

Methods

A comprehensive literature search was performed on Pub-
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Med, Cochrane, EMBASE, and Clinicaltrials.gov. All reported 
cases of LCDD without any evidence of symptomatic MM by 
CRAB criteria (calcium elevation, renal dysfunction, anemia, 
and bone disease) were included in the qualitative analysis. 
Due to the rarity of the disease, we could not find any clinical 
trials evaluating LCDD. Therefore, retrospective single-center 
reports/case series were included in the qualitative analysis. 
Cases of LCDD in transplanted kidneys were excluded since 
it was not possible to determine whether the disease process 
started before or after the kidney transplant. However, patients 
that received a kidney transplant after diagnosis and treatment 
for LCDD were included in the analysis. Any patient who did 
not receive treatment was also excluded (Fig. 1).

Amyloidosis response criteria were used to determine 
hematologic or renal responses if not reported in the study, 
depending on the availability of relevant laboratory data [9]. 
Serum and urine monoclonal proteins by immunofixation and 
kappa/lambda (K/L) free light chains and ratios were used to 

determine the hematologic response. Similarly, the renal re-
sponses were determined based on the availability of the re-
sults of 24-h urine samples before and after treatment, if not 
reported in the study.

JMP Pro 16 [10] was used for the descriptive statistics 
and the pooled analysis. Due to the rarity of the disease and 
skewed data (outliers in data), medians with range were used 
to report interval/ratio variables. Frequencies and percentages 
were used for the categorical variables. Some studies reported 
serum creatinine in µmol/L that was converted to mg/dL using 
an online calculator to ascertain the uniformity of data.

Results

This systematic review evaluated various treatment regimens 
for LCDD, such as ASCT, bortezomib-based regimens, and 
thalidomide/lenalidomide-based regimens. Out of the initial 81 

Figure 1. PRISMA flow chart for study selection criteria.
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studies identified, 70 were excluded because they were either 
case reports or did not report individual patients’ characteris-
tics and did not isolate idiopathic LCDD from symptomatic 
MM and other hematologic malignancies (Fig. 1). Subsequent-
ly, 11 studies (n = 64) were included in this systematic review 
(Table 1 [11-22]).

The pooled analysis revealed a complete response (CR) rate 
of 61.5% with the bortezomib-dexamethasone (BorD) induction 
chemotherapy followed by ASCT (n = 8/13). Bortezomib-based 
regimens without subsequent ASCT were associated with a CR 
rate of 55.6% (n = 10/18). Similarly, thalidomide (CR 27%; 
n = 3/11) and lenalidomide (75% very good partial response 
(VGPR); n = 3/4) based regimens appeared to have compara-
ble efficacy to bortezomib-based regimens. As far as the renal 
responses are concerned, 84% of the patients (n = 21/25) under-
going ASCT (with or without bortezomib or other prior induc-
tion therapies) had more than 50% decrease in 24-h proteinuria 
(partial renal response based on amyloidosis response criteria) 
[9]. Only five patients undergoing bortezomib-based regimens 
had organ response data available, and 60% achieved a partial 
response (PR) (n = 3/5). While response data were not reported 
for any of the 11 patients receiving thalidomide-based regimens, 
none of the patients in the response evaluable lenalidomide 
group achieved an organ response. Renal (n = 33) and hema-
tologic responses (n = 61) are summarized as bar charts below 
(Figs. 2 and 3). It is of note that hematologic responses were not 
reported or evaluable in 3/64 patients and renal responses were 
not evaluable in 31/64 patients.

Pooled analysis based on K/L ratio and renal parameters 
before and after treatment was conducted for all those with 
evaluable data. The median K/L ratio before treatment was 32 
(range: 0.001 - 252) for 31/64 evaluable patients. Similarly, 
after treatment, the median K/L ratio was 1.005 (range: 0.24 
- 36.9) for 31/64 evaluable patients. The median serum creati-
nine before treatment was 2.25 mg/dL (range: 0.89 - 5.4) for 
30/64 evaluable patients and was 1.7 mg/dL (range: 0.7 - 6.3) 
after treatment for the 21/64 evaluable patients. The median 
24-h proteinuria before treatment was 4.25 g/day (range: 0.51 
- 15) for 32/64 evaluable patients, and 1.17 g/day (range: 0.173 
- 5.9) for the 24/64 evaluable patients afterwards.

Since a majority of patients (72% (n = 46/64)) underwent 
bortezomib-based regimens or ASCT (with/without the mention 
of induction therapy), pooled analysis of renal parameters and 
K/L ratio was done for these two cohorts separately. Eight out of 
11 studies included in this analysis reported utilization of ASCT 
(n = 28), and four of the 11 studies reported bortezomib-based 
regimens (n = 18). ASCT appeared to yield better outcomes for 
renal responses compared to bortezomib-based regimens with-
out ASCT, as the median 24-h urine protein in the ASCT group 
after treatment was 1.14 g/day (range: 0.173 - 5.9) compared to 
median 24-h urine protein of 2.3 g/day (range: 0.61 - 4.8) for 
bortezomib-based regimens without ASCT. On the contrary, the 
K/L ratio was not significantly different after treatment for both 
ASCT (median 1.005; range: 0.24 - 6.5) and bortezomib-only 
groups (median 0.93; range: 0.37 - 36.9).

Among individual studies, few are noteworthy such as 
Sayed et al, 2015 who reported the largest single-center retro-
spective analysis of idiopathic LCDD from the United Kingdom 

National Amyloidosis Center. The hematologic and renal pa-
rameters were not reported for the individual cases, but patients 
were stratified into groups based on treatment regimen and he-
matologic response. Out of the 25 evaluable patients, four un-
derwent ASCT and achieved hematologic CR. Similarly, 89% 
of the patients in the bortezomib group (n = 8/9) and 27% of 
the patients in the thalidomide group (n = 3/11) achieved CR. 
Only one patient received lenalidomide and had a PR. Renal 
responses were not reported for any of the patients [17].

Lorenz et al, 2008 reported a single-center experience 
with long-term outcomes of three patients following ASCT. 
One patient achieved a renal response post-ASCT. Although 
hematologic responses were not reported, 2/3 of patients were 
alive at the time of the last follow-up (median follow-up 46.2 
months; range: 33 - 43) [11].

Jimenez-Zepeda et al, 2012 reported another single-center 
experience with six patients with LCDD that underwent ASCT. 
Half of the patients (n = 3) received BorD while the other half 
received dexamethasone alone pre-ASCT. The study reported 
hematologic and renal responses (based on serum creatinine 
and 24-h proteinuria) post-induction and 6 months post-ASCT. 
All of the patients achieved a renal response post-transplant. 
Two-thirds of the patients achieved CR, 17% had a PR, and 
17% had no response [13].

Kastritis et al, 2019 reported four patients from a single 
center who received BorD for induction chemotherapy prior 
to ASCT. Two out of four patients achieved hematologic CR. 
Three (75%) patients subsequently underwent ASCT. All pa-
tients achieved a renal response, and all patients were alive at 
the time of the last follow-up (range: 10 - 18 months). Based 
on this case series, bortezomib-based regimens seemed to be a 
reasonable option for patients prior to ASCT [14].

Kastritis et al, 2021 reported six LCDD patients who re-
ceived a short 4-week consolidation course of daratumumab 
after eight cycles of bortezomib, cyclophosphamide, and dexa-
methasone (VCd). All patients had renal involvement at the 
time of diagnosis and failed to achieve a CR with VCd. Three 
patients (50%) were already in hematologic VGPR, and the 
rest (50%) were in PR before daratumumab initiation. After 
four weekly daratumumab administrations, one patient im-
proved to hematologic CR, while three remained in VGPR, 
and the rest of the two stayed in PR. The free light chain (FLC) 
ratio normalized in 50% of patients after the consolidation as 
opposed to none prior. Only noticeable adverse event was mild 
injection-related reaction, and no hematological adverse event 
was reported [22].

Due to the rarity of idiopathic LCDD, most large studies 
combine similar diagnoses to make a meaningful interpreta-
tion of the efficacy and safety of various treatment regimens. 
One nationwide French study by Joly et al, 2019 reported 255 
patients with MIDD (60% idiopathic LCDD, 23% LCDD with 
cast nephropathy, and 17% HCDD/LHCDD). Of note, 34% 
of patients had symptomatic myeloma, 64% had MGRS, and 
35% had hepatic or cardiac involvement. Overall, 66% of pa-
tients (n = 169/255) were treated with chemotherapy (58% 
bortezomib-based regimens, 17% alkylating agents and 10% 
immunomodulatory agents), while 15% (n = 38/255) were 
treated with high-dose chemotherapy-ASCT. On univariate 
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Figure 2. Hematological response comparison based on treatment regimen. *No response patients not included in the graph: 
three patients with ASCT and five patients with thalidomide-based therapies. ASCT: autologous stem cell transplant; BorD: bort-
ezomib and dexamethasone; Bor: bortezomib; no.: number; CR: complete response; VGPR: very good partial response; PR: 
partial response; PD: progression of disease.

Figure 3. Renal response comparison based on treatment regimen. No.: number; ASCT: autologous stem cell transplant; BorD: 
bortezomib and dexamethasone; Bor: bortezomib-based regimens.
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analysis, both ASCT and bortezomib-based regimens had a 
statistically significant hematologic response. Interestingly, 
the median overall survival (OS) was found to be 140 months 
with idiopathic LCDD compared to 28 months for LCDD with 
cast nephropathy [23]. Another recent multicenter retrospec-
tive observational study compared outcomes in biopsy-proven 
amyloidosis (n = 180) and non-amyloidosis-associated MGRS 
(n = 100; various etiologies). MIDD constituted 53 patients 
in this study. Most patients received proteasome inhibitors 
followed by conventional chemotherapy as first-line treat-
ment. Overall, non-amyloidosis-associated MGRS was found 
to have an overall response rate (ORR) of 72% compared to 
56% in amyloidosis-associated disease. VGPR or better he-
matologic response was associated with a better probability 
of renal response in the non-amyloidosis MGRS group (renal 
response of 77% vs. 47% with ≥ VGPR vs. PR/stable disease 
hematologic response, respectively) [24]. Both these studies 
were not included in our quantitative analysis as individual 
data and outcomes for study participants or subgroups were 
not reported separately.

Discussion

Plasma cell disorders, including myeloma cast nephropathy, 
cryoglobulinemia, AL amyloidosis, and LCDD, can be associ-
ated with renal impairment with clearly defined pathophysio-
logical mechanisms. In LCDD, granular light chains produced 
by clonal plasma cells in the bone marrow are deposited in glo-
meruli causing characteristic nodular glomerulosclerosis [25]. 
In contrast to other plasma cell disorders, including AL amy-
loidosis, LCDD typically only affects kidneys and, in some 
rare instances, the heart and liver. Light chains are typically 
kappa-restricted, and there is usually a monoclonal plasma 
cell population in the bone marrow, albeit a small amount. The 
disorder is more commonly seen in males that are relatively 
younger than patients with MM or amyloidosis [1]. Treatment 
strategies comprise systemic chemotherapy with or without 
ASCT to eliminate plasma cell burden in the bone marrow 
that produces light chains. This leads to long-term hemato-
logic remission and improvement in organ function, reflected 
by improvement in estimated glomerular filtration rate, se-
rum creatinine, and proteinuria. As highlighted in our review, 
bortezomib-based therapy appears to be favorable as no dose 
modification is required for renal insufficiency, and early he-
matologic responses can be seen that translate to the recovery 
of renal function. Similarly, high-dose chemotherapy-ASCT 
can achieve durable hematologic remission and long-term dis-
ease control [11, 20]. One recent clinical trial of daratumumab 
in eight LCDD patients with a concomitant diagnosis of MM 
showed reasonable hematologic and renal responses (50% 
achieved VGPR and 25% achieved renal response), warrant-
ing further investigations into monoclonal antibodies [26]. Al-
though it appears that the patients undergoing ASCT seem to 
achieve deeper and more durable hematologic remissions and 
organ responses, no statistically significant superiority can be 
claimed over non-transplant or standard chemotherapy-based 
approaches. Patient selection is a source of potential bias here 

as patients with adequate performance status and organ func-
tion, especially renal reserve, are likely to undergo ASCT. It is 
important to highlight that renal/organ recovery is not always 
guaranteed, and according to some experts, if a patient with 
LCDD is not deemed a candidate for renal transplant, the role 
of systemic chemotherapy remains unclear unless there is evi-
dence of hepatic or cardiac infiltration [27]. For patients that 
are, in fact, candidates for renal allograft, control of light chain 
production is necessary to avoid ongoing damage to the trans-
planted kidney [28]. Due to the rarity of the disorder, a small 
number of patients, lack of registry data, and details on hema-
tologic/renal responses, the role, timing, and pre-/post-ASCT 
strategies remain unclear.

There are several limitations associated with this system-
atic review. In the absence of a conclusive diagnostic renal bi-
opsy in some cases, it is difficult to distinguish whether renal 
impairment was due to LCDD versus cast nephropathy caused 
by MM or renal damage due to beta-pleated light chains in 
AL amyloidosis. All of the studies included in the analysis are 
retrospective in nature and had a small number of patients. 
Moreover, hematologic and organ responses were either not 
reported or differed in response evaluation criteria used in the 
various studies in our analysis. This is a source of potential 
bias making the cross-study comparison of various chemother-
apeutic options challenging. Follow-up remains short, making 
it difficult to draw meaningful conclusions about the long-term 
efficacy of standard or high-dose chemotherapy for patients 
with LCDD. Larger retrospective analyses using registry data 
like Center for International Blood and Marrow Transplant 
(CIBMTR) and or randomized multicenter retrospective/pro-
spective studies with clearly defined hematologic and organ 
response evaluation criteria are needed to determine the safety 
and efficacy of the various treatment regimens and modalities 
available for this disorder.

Conclusion

LCDD is a rare hematologic disorder, with renal impairment 
being the primary morbidity associated with this disorder. In 
the eligible patient population, bortezomib-based chemothera-
py followed by ASCT appears to be an effective treatment op-
tion with durable hematologic remission and organ responses. 
While early recognition and timely therapy may help with the 
recovery of organ function, large multicenter retrospective and 
prospective studies are needed to elucidate the role, sequence, 
and timing of various chemotherapy regimens as well as ASCT 
for patients with LCDD.
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