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INTRODUCTION

Light chain deposition disease (LCDD) is categorized

in the family of ‘monoclonal immunoglobulin depo-

sition diseases’ (MIDD) in the WHO Classification of

Tumours of Haematopoietic and Lymphoid Tissues

[1]. This disorder was originally described by Ran-

dall et al. [2] in 1976 in two patients with end-stage

renal disease (ESRD) with granular deposition of

free light chains that did not stain with congo red

on kidney pathologic evaluation. LCDD is a rare

clinicopathologic entity characterized by tissue depo-

sition of nonamyloid immunoglobulin light chains

[3]. A single clone of plasma cells is responsible for

the overproduction of either kappa or rarely lambda

light chains [4]. Even in the absence of detectable

serum or urine monoclonal immunoglobulin, a

monoclonal population of bone marrow plasma cells

can be demonstrated via immunofluorescence, and

an altered serum-free light chain ratio is usually

seen [5]. The median age at diagnosis for LCDD is

58 years, representing a younger population when

compared to MM [6]. LCDD affects men 2.5 times

more often than women [7] and is usually
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SUMMARY

Light chain deposition disease (LCDD) is a monoclonal gammopathy

characterized by nonamyloid deposition of immunoglobulin light

chains in various organs. Most cases present with renal dysfunction,

a ubiquitous feature of this disease, and in some instances, it may

progress to end-stage renal disease. Unfortunately, until now, no

standard treatment has been established. The use of alkylating agents

and steroids has been extensively reported. However, conventional

chemotherapy response is generally limited with minor effects on

kidney function. The use of novel agents such as bortezomib has

shown a more rapid response with a dramatically important reduction

of light chains in serum and/or urine in small series of cases.

Furthermore, autologous stem cell transplantation has been reported

as a feasible strategy in LCDD, able to prolong the dialysis-free survival.

Nonetheless, toxicity from these therapies should be considered

carefully because most of patients might present with kidney dysfunc-

tion that could limit the use of some agents.
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associated with monoclonal gammopathies of unde-

termined significance in 17% of patients and MM

in 58% [1].

CLINICAL FEATURES

Renal involvement

Light chain deposition disease can occur virtually in

any organ [8]. Renal involvement is consistently pres-

ent and is characterized by proteinuria and micro-

scopic hematuria. In most patients with LCDD, renal

function declines rapidly as a rapidly progressive glo-

merulonephritis [6] or as an acute tubulointerstitial

nephritis [1], which is because of progressive accumu-

lation of light chains from plasma filtration and

includes proteinuria, nephrotic syndrome, and/or

renal failure. Interestingly, albuminuria levels do not

correlate with the existence of nodular glomeruloscle-

rosis and may occur in the absence of significant glo-

merular lesions as detected by light microscopy [9].

Renal failure occurs with comparable frequency

regardless of the level of light chain excretion. In

addition, patients with LCDD might present at diagno-

sis with hypertension (Table 1).

RENAL PATHOLOGY

The characteristic morphologic features of renal LCDD

include the following: nodular sclerosing glomerulo-

pathy by light microscopy; diffuse linear staining of

glomerular basement membranes (GBM) and tubular

basement membranes (TBM) for a single light chain

(LCDD) by immunofluorescence; and nonfibrillar,

‘powdery’ electron dense deposits in GBMs and TBMs

detected by electron microscopy [10]. The mesangial

nodularity within the glomerulus results from the com-

bined increased deposition of extracellular matrix

(ECM) proteins mixed with monotypic light chain

deposits, most commonly kappa (j; 92%) and the

majority VKIV subgroup [10]. In LCDD, all kidney tissue

specimens should be stained for j and k light chains.

The majority of cases exhibit monotypic light chain

(mostly j) fixation along tubular basement mem-

branes. This criterion is required to be fulfilled for the

diagnosis of LCDD [11–13]. The tubular deposits stain

strongly and predominate along the loops of Henle and

the distal tubules, but they also often are detected along

the proximal tubules. Light chain Fanconi syndrome

attributed to proximal tubular involvement should be

differentiated. This entity typically manifests with type

II renal tubular acidosis, hypophosphatemia, glycos-

uria, and hypouricemia. Heart, liver, and other organs

are less frequently involved [14].

Extrarenal involvement

Symptomatic extrarenal deposition is rare. It is uncertain

whether or not localized LCDD really exists or represents

an initial expression of a silent systemic LCDD [15].

Liver involvement

In LCDD, the liver is the most frequent extra-renal

site (23%) [7, 16], but involvement is not generally

isolated to this organ. The degree of liver dysfunction

does not seem to correlate with the amount of light

chain deposition in the liver [16]. Affected patients

may develop hepatic insufficiency and portal hyper-

tension, and some die with hepatic failure [7].

Heart involvement

Cardiac involvement could be associated with heart

enlargement, restrictive cardiomyopathy, and severe

Table 1. Clinical features in light chain deposition

disease

Characteristic

Age [6] Median 58 years

Gender/Ratio [1] Male/Female, 2.5

Hypertension [6] 53%

Hematuria [6] 45%

Median creatinine at

diagnosis umol/L [40]

232

Median level of proteinuria

at diagnosis (g/day) [40]

3.74

Median kappa/lambda ratio

(kappa restricted cases only) [40]

36.1

Monoclonal protein

(serum/urine) [30]

88%

Kappa light chain [10] 92%

Multiple myeloma [1, 53] 50–58%

Organ involvement

Renal [7, 54] 93–100%

Liver [55] 23%

Polyneuropathy [26] 20%
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congestive heart failure [17–19]. Increase in brain

natriuretic peptide and troponin-I has also been seen

in patients with LCDD (Jimenez-Zepeda et al., data

not published). However, the role of these biomarkers

in LCDD prognostication has not been reported yet.

Echocardiography and catheterization may reveal dia-

stolic dysfunction and reduction in myocardial compli-

ance similar to that found in cardiac amyloid [20]. It

is thought that cardiac involvement translates into a

worse outcome. However, there is lack of data to sup-

port this association.

Lung involvement

Light chain deposition disease infrequently affects the

lungs and usually causes damage to the parenchyma,

while bronchial involvement appears to be very rare.

However, the involvement of the large airways has

been recently reported [21]. Nodular and diffuse pul-

monary interstitial diseases have been described, but,

to date, only seven cases of pulmonary nodular-type

LCDD are reported in the literature. [22–24].

Neurological involvement

Systemic protein deposition may affect the nerves

similar to that seen in amyloidosis, clinically mani-

fested by polyneuropathy (occurring in 20% of the

reported cases) [25]. Deposits may occur along the

nerve fibers and in the choroids plexus [26]. Isolated

LCDD in the brain has also been described [27]. It is

thought that generally the blood–brain barrier protects

the central nervous system (CNS) from the circulat-

ing, polymerized, misfolded proteins, preventing any

type of systemic amyloidosis or systemic nonamyloid

monoclonal deposition disease causing any harm to

the CNS. However, cases of intracerebral amyloidomas

and LCDD have been reported in the literature [28].

Other sites

Deposits can also occur in the lymph nodes, bone marrow,

spleen, pancreas, thyroid glands, gastrointestinal tract,

adrenal glands, abdominal vessels, lungs, and skin [8].

Association with other B-cell malignancies

Light chain deposition disease could be associated with

multiple myeloma in 58% of cases [1]. LCDD, similar

to that seen in AL amyloidosis, often is the primary dis-

covered disease that leads to the investigations for an

underlying plasma cell proliferative disorder at an early

stage. LCDD could be present at diagnosis of a new

plasma cell disorder or could represent an extramedul-

lary manifestation of MM while relapsing after chemo-

therapy [20]. LCDD occasionally may complicate the

course of lymphoplasmacytic lymphoma, chronic lym-

phocytic leukemia, and marginal-zone lymphoma [29].

A monoclonal plasma cell population in bone marrow

is rarely identified by immunofluorescence in clinical

laboratories. The preferred method is in situ hybridiza-

tion or flow cytometric analysis.

Diagnostic approach

Patients suspicious to suffer from LCDD should be

assessed by using the screening panel for patients with

plasma cell proliferative disorders (PCPD; Table 2) [30].

The recent introduction of quantitative serum assays

for immunoglobulin free light chain (FLC), however,

has increased the sensitivity of laboratory testing strate-

gies for identifying monoclonal gammopathies [31];

this increased diagnostic sensitivity is readily apparent

in the monoclonal light chain diseases [32]. Because of

the increased sensitivity for free light chain diseases

[33], the most recent diagnostic screening recommen-

dations are that serum IFE plus FLC is a sufficient

screening panel for PCPD other than AL and LCDD. It

is recommended, however, that screening for AL and

LCDD should also include urine IFE [30]. When you

combine serum PEL, FLC and IFE, and urine PEL/IFE,

the sensitivity for LCDD goes up to 83.3% and

decreases to 77.8% if you omit the use of urine for PEL

and IFE. Excluding FLC decreases the sensitivity for

LCDD detection to 77.8%. Patients with extensive pro-

teinuria, rapidly progressive renal failure, and organ

dysfunction such as congestive heart failure or liver

should be suspected to have LCDD. Because sensitive

techniques as mentioned earlier can miss a monoclonal

component detection in approximately 10–15%, kid-

ney biopsy is important to guide an adequate and

prompt diagnosis of LCDD [8, 9, 34]. The confirmation

of LCDD diagnosis is made by the immunohistologic

analysis of tissue from an affected organ, which is not

congophilic in nature. Light chain restriction analysis

on the tissue will confirm whether the light or heavy

chain is monoclonal. When a patient is diagnosed with
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LCDD, workup should include echocardiogram and

abdominal ultrasound to assess liver, spleen, and

lymph nodes. Bone marrow aspirate and biopsy should

be performed to rule out the presence of MM and/or

light amyloidosis. We highly recommend performing

tests for troponin-I or T and brain natriuretic peptide

(BNP) because LCDD may mimic biologically AL amy-

loidosis and these markers have been reported as pre-

dictors of survival in that disease (Figure 1). Nerve

studies and CT, MRI, or PET scans should be considered

in an individual basis [26, 35]. After a biopsy confirms

the diagnosis of LCDD, there is no need for additional

biopsies unless there is a clinical implication (i.e.

cardiac biopsy to rule out other possibilities, or assess-

ment pretransplant).

Treatment

As the clinical presentation in LCDD is known to

depend on the number and nature of organs affected,

deposition of different light chains does not seem to

affect their clinical course [36]. The median duration

of survival is approximately 4 years. After a median

follow-up of 27 months, the largest series to date

reported that 57% of cases reached uremia and 59%

died [6]. Prognostic factors for LCDD include age,

presence of plasma cell myeloma, and extrarenal light

chain deposition [1, 10]. Dialysis patients seemed to

achieve the same outcome in comparison with those

who did not reach uremia. The adequate treatment of

LCDD has not been established and is indicated for

those patients with systemic disease, severe and symp-

tomatic renal dysfunction, and active concomitant

symptomatic MM. Unlike multiple myeloma, the

plasma cell burden is usually low (5% plasma cells or

less). The cells do not have a high proliferative rate

and frequently lack the genetic abnormalities that are

associated with an adverse prognosis in multiple mye-

loma. A single course of high-dose chemotherapy can,

therefore, result in long-term suppression of the

plasma cell clone, producing durable responses for

such patients (MGUS-like phenotype). However, in

those with MM associated with LCDD, the disease

should be treated according to the myeloma guide-

lines because the prognosis is generally poor [37].

There is lack of evidence to suggest maintenance ther-

apy for patients with LCDD. However, the experience

in MM indicates that chronic treatment perhaps

should be required to obtain a better control in this

disease. An anecdotal report suggests that the use of

thalidomide maintenance could be feasible to improve

and stabilize LCDD response [38]. Guidelines in this

regard are needed, and currently, suppression of light

chain production should be the goal of therapy to

avoid further deposition in organs not yet affected. In

addition, medical management for the organ dysfunc-

tion should be provided. For instances, some patients

might benefit from the use of ACE inhibitors to

decrease proteinuria, and renal failure patients may

require some form of dialysis as a function replace-

ment strategy.

Table 2. Assessment of patients suspicious of light

chain deposition disease (LCDD)

Evaluation

Past Medical

History

History of PCPD or autoimmune

disorders

Physical

Examination

Blood pressure, hepatomegaly,

splenomegaly, lymph nodes

Laboratory

assessment

CBC, electrolytes, creatinine, calcium,

magnesium, ALP, AST, ALT,

bilirubin, albumin, LD, creatinine

clearance, and proteinuria

Protein

assessment

SPEP + IFE + FLC + UPEP + Urine

IFE (sensitivity 83%, LCDD)

Additional

organ assessment

Kidney Renal biopsy (congo red staining,

immunohistochemistry,

immunofluorescence, electron

microscopy)

Liver Liver ultrasound, biopsy if indicated

Heart Echocardiogram, BNP, troponin-I,

biopsy if indicated

Nerve Electrophysiological studies, biopsy

if indicated

Lung CT scan if highly suspicious of lung

involvement

Plasma cell-

associated

disorder

Bone marrow aspirate and biopsy

Flow cytometry, immunohistochemistry,

and FISH cytogenetics

if myeloma is confirmed

Congo red staining on bone marrow

Skeletal survey

PCPD, plasma cell proliferative disorder; SPEP, serum

electrophoresis; FLC, free light chains; IFE, immunofix-

ation; UPEP, urine protein electrophoresis; BNP, brain

natriuretic peptide.
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Clinically suspicious for LCDD 
(Proteinuria, cardiomyopathy and renal 

failure)

Kidney biopsy or biopsy of the organ 
affected stained for congophilia

Negative Congo red staining Positive Congo red staining

1. Bone marrow aspirate and 
biopsy

2. SPEP, UPEP, IFE, FLC

LCDD, LHCDD, 
HCDD. IC like GN 

and 
Cryoglobulinemia

LCDD 
Negative workup: 

Do Mass 
Spectrometry 

Positive: Most 
likely AL 

amyloidosis 

Rule out Multiple Myeloma

Myeloma absent:

Assess organ 
involvement

Assess organ involvement:
Consider ASCT eligibility

Myeloma present:Treat 
as MM guidelines

Evaluate for a Monoclonal Gammopathy

Figure 1. Diagnostic approach for

LCDD. SPEP, serum electropho-

resis; FLC, free light chains; IFE,

immunofixation; UPEP, urine

protein electrophoresis; GN, glo-

merulonephritis; IC, immune

complexes; MM, multiple mye-

loma; LCDD, light chain deposi-

tion disease.

Table 3. Treatment options for light chain deposition disease

Therapy Hematological response (HR) Dialysis-free Survival (DFS)

Alkylating agents NA 37% at 5 years [6]

Thalidomide Single case report, patient achieved complete HR [47] Dialysis free at 30 months,

single case [47]

Lenalidomide NA, single case report [48] NA, single case report [48]

Bortezomib Induction therapy (3 cases), 100% HR, 33% organ

response at 6 months post-ASCT [45]

100% at 1 year [45]

Induction therapy, 100% HR (2 cases), 100% organ

response at 6 months post-ASCT [40]

100% at 2 years [40]

Bortezomib, doxil, and dexamethasone (1 case) for 6

cycles, followed by thalidomide maintenance

(PR after 3 cycles) [38]

Dialysis free at 32 months [38]

Bortezomib and dexamethasone (4 cases), 100% HR,

2 CR and 2 PR, 3 responses at a median of 3 weeks

of treatment, 3 cases followed by ASCT, PFS at 15, 16,

and 12 months [46]

100% at 16 months [46]

Autologous stem

cell transplant

100% HR, 3 cases with MM, 1 patient on hemodialysis,

induction with dexamethasone [5], 100% organ response

after 6 months [39]

DFS 83% at 32 months [39]

100% HR, 5 cases, 3 CR, 1 PR and 1 SD,

PFS at 20 months [40]

DFS 100% at 20 months [40]

100% HR, 1CR, 8 cases, 2 relapses,

7/8 renal responses [41]

DFS 100% at 24 months [41]

NA, Not available.
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AUTOLOGOUS STEM CELL
TRANSPLANTATION

The use of high-dose chemotherapy for LCDD fol-

lowed by autologous stem cell transplantation (ASCT)

has been reported (Table 3) [39, 40]. Stem cell trans-

plantation is believed to be a good strategy to produce

durable responses in a disease such as LCDD where

the plasma cell burden is usually low and the cells do

not have a high proliferative rate and most of times

lack of adverse genetic abnormalities as in MM. Gen-

erally, stem cell mobilization is performed by using G-

CSF alone, and melphalan is adjusted to 140 mg/m2

in an attempt to ameliorate the morbidity in cases

with renal insufficiency. Recently, the report of eight

cases of MIDD treated with high-dose melphalan was

published (HDM) [41]. Of the five evaluable patients

for a hematological response, all responded with one

complete response. A renal response was seen in 7/8

patients. Furthermore, a long-term analysis on six

patients with LCDD transplanted at Mayo Clinic

showed that ASCT might be an effective therapy for

renal dysfunction associated with LCDD [39]. Median

reduction of proteinuria was 92%, and median

improvement of estimated glomerular filtration rate

(eGFR) was 95%. The authors of this report suggested

that in cases where kidney dysfunction persists after

ASCT, a hematological response may permit successful

kidney transplantation with improved graft viability

and decreased risk recurrence. Unfortunately, until

now there is no clear data to support this approach.

Bortezomib

In LCDD, toxic monoclonal light chains interact with

receptors in mesangial cells initiating a cascade of acti-

vation of pathways that include the NFjB pathway.

NFjB activation results in stimulation of cytokine pro-

duction causing attraction of inflammatory cells. This

results in cell proliferation and activation of genes

responsible for collagen and tenascin production,

resulting in dramatic changes in mesangial matrix,

leading to the pathological picture of glomerulosclerosis

[10]. Bortezomib inhibits the NFjB pathway,

decreases TGF-B1 levels, and may downregulate colla-

gen and TIMP-1 production [42]. Thus, bortezomib

may interrupt the cascade that leads to rapid renal

deterioration through these pathways by inhibiting

progression of glomerulosclerosis and may improve

glomerular function, thus reducing proteinuria [43,

44].

Bortezomib-based induction chemotherapy

Recently, the use of bortezomib in small series of

patients with LCDD has been reported. First, a series of

three patients with LCDD treated with induction bort-

ezomib-based regimen was reported [45]. The treat-

ment led to a rapid hematological response with a

median of two cycles based on a decrease in FLC levels.

Another group reported on four cases with LCDD trea-

ted with bortezomib and dexamethasone as induction

therapy before ASCT [46]. Responses were seen rap-

idly, and 2/4 patients achieved complete hematological

response (CR). In addition, our group reported the use

bortezomib and dexamethasone induction in two cases

before ASCT. Both cases achieved PR as the best

response after three cycles of therapy and organ

response at 6 months post-transplant [40]. These data

together suggest that induction chemotherapy may

help ameliorating the renal dysfunction seen in LCDD

and perhaps would lead to a more feasible approach

with HDM and ASCT with a better outcome. The role

of induction chemotherapy in LCDD should be investi-

gated in a prospective manner.

Immunomodulatory drugs

Thalidomide, an immunomodulatory drug, has multi-

ple mechanisms of action as an anti-myeloma agent.

Numerous studies have shown the efficacy of thalido-

mide in the treatment of AL amyloidosis and mye-

loma. However, the use of thalidomide in LCDD has

not been extensively evaluated. A recent report sug-

gests that thalidomide in combination with dexa-

methasone is a feasible drug able to provide a

durable hematological response for a single case of

LCDD, achieving a 31-month remission, which also

led to improvement of the renal insufficiency [47]. In

addition, a case of LCDD associated with MM with

severe liver involvement treated with melphalan,

prednisone, and lenalidomide was reported. Unfortu-

nately, the patient developed intrahepatic ischemic

cholangitis, and thus, lenalidomide was discontinued.

The role of lenalidomide in LCDD remains to be

elucidated [48].
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RENAL TRANSPLANTATION

A small number of kidney transplantations have been

performed on LCDD in whom end-stage renal (ESRD)

disease developed [49]. Although long-term benefits

are occasionally seen, renal allograft survival is

reduced significantly in patients with LCDD. Despite

treatment pretransplantation, LCDD patients with

detectable LCs in the serum or urine tend to experi-

ence worse clinical courses after grafting with early

devastating recurrences [50]. Thus, kidney transplan-

tation should be reserved for patients with relatively

benign courses, whose light chain production can be

controlled by directed therapy removing the nephro-

toxic light chains from the circulation with sustained

remission. If kidney transplantation is considered,

both the donor and recipient must be thoroughly

informed about the potentially reduced life span of

the allograft. Nonetheless, unforeseen recurrence may

develop, even shortly after transplantation, and may

be confused with an acute rejection episode. A recent

report suggests that bortezomib may successfully

reverse early recurrence of LCDD in a renal allograft

[51]. The role of bortezomib induction followed by

ASCT and the possibility of renal allografting if com-

plete remission is achieved remains to be explored.

Furthermore, the use of rituximab for delaying early

LCDD recurrence in patients in whom treatment for

underlying bone marrow disorder failed or is contrain-

dicated has been suggested [52]. However, it seems

that maintenance therapy should be necessary to con-

solidate this response.

Toxicity considerations

Overall high-dose chemotherapy and ASCT led to the

expected toxicities of bacteremia, diarrhea, and mucosi-

tis. While treating patients with LCDD, age and comor-

bidities should be carefully considered. Patients with

LCDD are younger than those with MM allowing the

possibility of ASCT as a therapeutic option. However,

the coexistence with MM and the number of organs

affected, including the presence of cardiac involve-

ment, might predict a worst outcome. Multi-systemic

organ failure after transplantation has been reported in

patients with extrarenal manifestations of LCDD (nota-

bly, cardiac involvement). This finding might signify

high risk for complications and death, and thus,

patients should be carefully assessed before the decision

of undergoing ASCT is made [39]. Moreover, ASCT

should be performed in centers with expertise in this

type of conditions to decrease morbidity and mortality.

CONCLUSION

Light chain deposition disease is a systemic disorder

characterized by deposition of monoclonal light chains

in various organs. It should be distinguished from

Fanconi syndrome, myeloma cast nephropathy, cryo-

globulinemia, and amyloidosis, all of which are also

associated with monoclonal proteins. Therapy to

achieve complete suppression of light chain produc-

tion is indicated. Disease control appears to be most

easily achieved using bortezomib chemotherapy,

ASCT or both. However, despite all of the published

studies, the experience of ASCT, lenalidomide, and

bortezomib in this disease remains small, and prospec-

tive studies in this regard are needed.

AUTHORSHIP

Victor H Jimenez-Zepeda designed and wrote the

manuscript.

DISCLOSURES

Victor H Jimenez-Zepeda received honoraria from

Johnson & Johnson and is a recipient of the MMRF

Research award 2011.

REFERENCES

1. McKenna R.W., Kyle RA., Kuehl W.M.,

Grogan T.M., Harris N.L. & Coupland R.W.

(2008) Plasma Cell Neoplasms in WHO

Classification of Tumours of Haematopoietic

and Lymphoid Tissues. International

Agency for Research on Cancer, Lyon.

2. Randall R.E., Williamson W.C. Jr, Mullinax

F., Tung M.Y. & Still W.J. (1976) Manifes-

tations of systemic light chain deposition.

The American Journal of Medicine 60,

293–299.

3. Buxbaum J. & Gallo G. (1999) Nonamyloi-

dotic monoclonal immunoglobulin deposi-

� 2012 Blackwell Publishing Ltd, Int. Jnl. Lab. Hem.

V. H. JIMENEZ-ZEPEDA LCDD AND TREATMENT OPTIONS 7



tion disease. Light-chain, heavy-chain, and

light- and heavy-chain deposition diseases.

Hematology/Oncology Clinics of North

America 13, 1235–1248.

4. Sanders P.W. & Herrera G.A. (1993) Mono-

clonal immunoglobulin light chain-related

renal diseases. Seminars in Nephrology 13,

324–341.

5. Preud’homme J.L., Ganeval D., Grunfeld

J.P., Striker L. & Brouet J.C. (1988) Immu-

noglobulin synthesis in primary and mye-

loma amyloidosis. Clinical and

Experimental Immunology 73, 389–394.

6. Pozzi C., D’Amico M., Fogazzi G.B., Curioni

S., Ferrario F., Pasquali S., Quattrocchio G.,

Rollino C., Segagni S. & Locatelli F. (2003)

Light chain deposition disease with renal

involvement: clinical characteristics and

prognostic factors. American Journal of

Kidney Diseases 42, 1154–1163.

7. Pozzi C. & Locatelli F. (2002) Kidney and

liver involvement in monoclonal light

chain disorders. Seminars in Nephrology

22, 319–330.

8. Ronco P.M., Alyanakian M.A., Mougenot

B. & Aucouturier P. (2001) Light chain

deposition disease: a model of glomerulo-

sclerosis defined at the molecular level.

Journal of the American Society of

Nephrology 12, 1558–1565.

9. Ronco P., Plaisier E., Mougenot B. & Au-

couturier P. (2006) Immunoglobulin light

(heavy)-chain deposition disease: from

molecular medicine to pathophysiology-dri-

ven therapy. Clinical Journal of American

Society of Nephrology 1, 1342–1350.

10. Lin J., Markowitz G.S., Valeri A.M.,

Kambham N., Sherman W.H., Appel G.B. &

D’Agati V.D. (2001) Renal monoclonal

immunoglobulin deposition disease: the dis-

ease spectrum. Journal of the American

Society of Nephrology 12, 1482–1492.

11. Herrera G.A. (1994) Light chain deposition

disease (nodular glomerulopathy, kappa

light chain deposition disease): a case

report. Ultrastructural Pathology 18, 119–

126.

12. Herrera G.A., Joseph L., Gu X., Hough A. &

Barlogie B. (2004) Renal pathologic

spectrum in an autopsy series of patients

with plasma cell dyscrasia. Archives of

Pathology and Laboratory Medicine 128,

875–879.

13. Masai R., Wakui H., Togashi M., Maki N.,

Ohtani H., Komatsuda A. & Sawada K.

(2009) Clinicopathological features and

prognosis in immunoglobulin light and

heavy chain deposition disease. Clinical

Nephrology 71, 9–20.

14. Brioli A., Zamagni E., Pasquali S., Tosi P.,

Tacchetti P., Perrone G., Pantani L., Pet-

rucci A., Zannetti B.A., Baccarani M. &

Cavo M. (2012) Long-term follow-up after

autologous stem cell transplantation for

light- and heavy-chain deposition disease.

Bone Marrow Transplantation doi:

10.1038/bmt.2011.252.

15. Rostagno A., Frizzera G., Ylagan L., Kumar

A., Ghiso J. & Gallo G. (2002) Tumoral

non-amyloidotic monoclonal immunoglob-

ulin light chain deposits (‘aggregoma’):

presenting feature of B-cell dyscrasia in

three cases with immunohistochemical and

biochemical analyses. British Journal of

Haematology 119, 62–69.

16. Croitoru A.G., Hytiroglou P., Schwartz M.E.

& Saxena R. (2006) Liver transplantation

for liver rupture due to light chain deposi-

tion disease: a case report. Seminars in

Liver Disease 26, 298–303.

17. Fabbian F., Stabellini N., Sartori S., Tombesi

P., Aleotti A., Bergami M., Uggeri S., Galdi

A., Molino C. & Catizone L. (2007) Light

chain deposition disease presenting as

paroxysmal atrial fibrillation: a case

report. Journal of Medical Case Reports 1,

187.

18. Gallo G., Goni F., Boctor F., Vidal R., Ku-

mar A., Stevens F.J., Frangione B. & Ghiso

J. (1996) Light chain cardiomyopathy.

Structural analysis of the light chain tissue

deposits. The American Journal of Pathol-

ogy 148, 1397–1406.

19. Koopman P., Van Dorpe J., Maes B. & Du-

jardin K. (2009) Light chain deposition dis-

ease as a rare cause of restrictive

cardiomyopathy. Acta Cardiologica 64,

821–824.

20. Ganeval D., Noel L.H., Preud’homme J.L.,

Droz D. & Grunfeld J.P. (1984) Light-chain

deposition disease: its relation with AL-type

amyloidosis. Kidney International 26, 1–9.

21. Colombat M., Gounant V., Mal H., Callard

P. & Milleron B. (2007) Light chain deposi-

tion disease involving the airways: diagno-

sis by fibreoptic bronchoscopy. European

Respiratory Journal 29, 1057–1060.

22. Khoor A., Myers J.L., Tazelaar H.D. & Kur-

tin P.J. (2004) Amyloid-like pulmonary

nodules, including localized light-chain

deposition: clinicopathologic analysis of

three cases. American Journal of Clinical

Pathology 121, 200–204.

23. Morinaga S., Watanabe H., Gemma A.,

Mukai K., Nakajima T., Shimosato Y., Goya

T. & Shinoda T. (1987) Plasmacytoma of

the lung associated with nodular deposits of

immunoglobulin. The American Journal of

Surgical Pathology 11, 989–995.

24. Piard F., Yaziji N., Jarry O., Assem M., Mar-

tin L., Bernard A., Jacquot J.P. & Justrabo

E. (1998) Solitary plasmacytoma of the

lung with light chain extracellular deposits:

a case report and review of the literature.

Histopathology 32, 356–361.

25. Grassi M.P., Clerici F., Perin C., Borella M.,

Gendarini A., Quattrini A., Nemni R. &

Mangoni A. (1998) Light chain deposition

disease neuropathy resembling amyloid

neuropathy in a multiple myeloma patient.

Italian Journal of Neurological Sciences 19,

229–233.

26. Gandhi D., Wee R. & Goyal M. (2003) CT

and MR imaging of intracerebral amyloid-

oma: case report and review of the litera-

ture. AJNR American Journal of

Neuroradiology 24, 519–522.

27. Popovic M., Tavcar R., Glavac D., Volavsek

M., Pirtosek Z. & Vizjak A. (2007) Light

chain deposition disease restricted to the

brain: the first case report. Human Pathol-

ogy 38, 179–184.

28. Laeng R.H., Altermatt H.J., Scheithauer

B.W. & Zimmermann D.R. (1998) Amyloi-

domas of the nervous system: a monoclonal

B-cell disorder with monotypic amyloid

light chain lambda amyloid production.

Cancer 82, 362–374.

29. Went P., Ascani S., Strom E., Brorson S.H.,

Musso M., Zinzani P.L., Falini B., Dirnhofer

S. & Pileri S. (2004) Nodal marginal-zone

lymphoma associated with monoclonal

light-chain and heavy-chain deposition dis-

ease. The Lancet Oncology 5, 381–383.

30. Katzmann J.A., Kyle R.A., Benson J., Lar-

son D.R., Snyder M.R., Lust J.A., Rajkumar

S.V. & Dispenzieri A. (2009) Screening pan-

els for detection of monoclonal gammopa-

thies. Clinical Chemistry 55, 1517–1522.

31. Katzmann J.A., Clark R.J., Abraham R.S.,

Bryant S., Lymp J.F., Bradwell A.R. & Kyle

R.A. (2002) Serum reference intervals and

diagnostic ranges for free kappa and free

lambda immunoglobulin light chains: rela-

tive sensitivity for detection of monoclonal

light chains. Clinical Chemistry 48, 1437–

1444.

32. Dispenzieri A., Lacy M.Q., Katzmann J.A.,

Rajkumar S.V., Abraham R.S., Hayman

S.R., Kumar S.K., Clark R., Kyle R.A.,

Litzow M.R., Inwards D.J., Ansell S.M.,

Micallef I.M., Porrata L.F., Elliott M.A.,

Johnston P.B., Greipp P.R., Witzig T.E., Zel-

denrust S.R., Russell S.J., Gastineau D. &

Gertz MA. (2006) Absolute values of

immunoglobulin free light chains are prog-

nostic in patients with primary systemic

amyloidosis undergoing peripheral blood

stem cell transplantation. Blood 107, 3378–

3383.

33. Ozsan G.H. & Dispenzieri A. (2011) Serum

free light chain analysis in multiple mye-

loma and plasma cell dyscrasias. Expert

Review of Clinical Immunology 7, 65–73.

34. Ronco P., Plaisier E. & Aucouturier P.

(2011) Monoclonal immunoglobulin light

and heavy chain deposition diseases: molec-

ular models of common renal diseases.

Contributions to Nephrology 169, 221–

231.

35. Michopoulos S., Petraki K., Petraki C. &

Dimopoulos M.A. (2002) Light chain depo-

sition disease of the liver without renal

involvement in a patient with multiple

myeloma related to liver failure and rapid

� 2012 Blackwell Publishing Ltd, Int. Jnl. Lab. Hem.

8 V. H. JIMENEZ-ZEPEDA LCDD AND TREATMENT OPTIONS



fatal outcome. Digestive Diseases and Sci-

ences 47, 730–734.

36. Kim H.J., Park E., Lee T.J., Do J.H., Cha

Y.J. & Lee S.J. (2012) A case of isolated

light chain deposition disease in the duode-

num. Journal of Korean Medical Science

27, 207–210.

37. Rajkumar S.V. (2011) Multiple myeloma:

2011 update on diagnosis, risk-stratifica-

tion, and management. American Journal

of Hematology 86, 57–65.

38. Gharwan H. & Truica C.I. (2011) Bortezo-

mib-based chemotherapy for light chain

deposition disease presenting as acute renal

failure. Medical Oncology [Epub ahead of

print]. (Northwood, London, England).

39. Lorenz E.C., Gertz M.A., Fervenza F.C.,

Dispenzieri A., Lacy M.Q., Hayman S.R.,

Gastineau D.A. & Leung N. (2008) Long-

term outcome of autologous stem cell

transplantation in light chain deposition

disease. Nephrology, Dialysis, Transplanta-

tion 23, 2052–2057.

40. Jimenez Zepeda V.F.N., Winter A., Reece

D., Trudel S., Chen C., Rabea A. & Kukreti

V. (2010) Light Chain Deposition Disease:

impact of stem cell transplant on Hemato-

logical Response achievement. Blood 116,

2303. (Abstract 4600).

41. Telio D., Shepherd J., Forrest D., Zypchen

L., Barnett M., Nevill T. & Song K.W.

(2012) High-dose melphalan followed by

ASCT has favorable safety and efficacy in

selected patients with light chain deposition

disease and light and heavy chain deposi-

tion disease. Bone Marrow Transplantation

47, 453–455.

42. Fineschi S., Reith W., Guerne P.A., Dayer

J.M. & Chizzolini C. (2006) Proteasome

blockade exerts an antifibrotic activity by

coordinately down-regulating type I colla-

gen and tissue inhibitor of metalloprotein-

ase-1 and up-regulating metalloproteinase-

1 production in human dermal fibroblasts.

FASEB Journal 20, 562–564.

43. Keeling J. & Herrera G.A. (2007) The me-

sangium as a target for glomerulopathic

light and heavy chains: pathogenic consid-

erations in light and heavy chain-mediated

glomerular damage. Contributions to

Nephrology 153, 116–134.

44. Ludwig H., Drach J., Graf H., Lang A. &

Meran J.G. (2007) Reversal of acute renal

failure by bortezomib-based chemotherapy

in patients with multiple myeloma. Haema-

tologica 92, 1411–1414.

45. Minarik J., Scudla V., Tichy T., Pika T.,

Bacovsky J., Lochman P. & Zadrazil J.

(2012) Induction treatment of light chain

deposition disease with bortezomib: rapid

hematological response with persistence of

renal involvement. Leukemia and

Lymphoma 330, 330–331.

46. Kastritis E., Migkou M., Gavriatopoulou

M., Zirogiannis P., Hadjikonstantinou V. &

Dimopoulos M.A. (2009) Treatment of light

chain deposition disease with bortezomib

and dexamethasone. Haematologica 94,

300–302.

47. Fujita H., Hishizawa M., Sakamoto S.,

Kondo T., Kadowaki N., Ishikawa T., Itoh

J., Fukatsu A., Uchiyama T. & Takaori-

Kondo A. (2011) Durable hematological

response and improvement of nephrotic

syndrome on thalidomide therapy in a

patient with refractory light chain deposi-

tion disease. International Journal of Hema-

tology 93, 673–676.

48. Weisel K.C., Bockeler M., Bianchi L., Terr-

acciano L.M., Mayer F. & Kanz L. (2009)

Development of rapid light-chain deposition

disease in hepatic arteries with severe

ischemic cholangitis in a multiple myeloma

patient treated with melphalan, prednisone

and lenalidomide. International Journal of

Hematology 89, 91–94.

49. Leung N., Lager D.J., Gertz M.A., Wilson

K., Kanakiriya S. & Fervenza F.C. (2004)

Long-term outcome of renal transplanta-

tion in light-chain deposition disease.

American Journal of Kidney Diseases 43,

147–153.

50. Short A.K., O’Donoghue D.J., Riad H.N.,

Short C.D. & Roberts I.S. (2001) Recur-

rence of light chain nephropathy in a renal

allograft. A case report and review of the

literature. American Journal of Nephrology

21, 237–240.

51. Kaposztas Z., Kahan B.D., Katz S.M., Van

Buren C.T. & Cherem L. (2009) Bortezomib

successfully reverses early recurrence of

light-chain deposition disease in a renal

allograft: a case report. Transplantation Pro-

ceedings 41, 4407–4410.

52. Kuypers D.R., Lerut E., Claes K., Evenepoel

P. & Vanrenterghem Y. (2007) Recurrence

of light chain deposit disease after renal

allograft transplantation: potential role of

rituximab? Transplant International 20,

381–385.

53. Gertz M.A. (2012) Managing light chain

deposition disease. Leukemia and Lym-

phoma 53, 183–184.

54. Ronco P.M., Mougenot B., Touchard G.,

Preud’homme J.L. & Aucouturier P. (1995)

Renal involvement in hematological disor-

ders: monoclonal immunoglobulins and

nephropathy. Current Opinion in Nephrol-

ogy and Hypertension 4, 130–138.

55. Droz D., Noel L.H., Carnot F., Degos F.,

Ganeval D. & Grunfeld J.P. (1984) Liver

involvement in nonamyloid light chain

deposits disease. Laboratory Investigation

50, 683–689.

� 2012 Blackwell Publishing Ltd, Int. Jnl. Lab. Hem.

V. H. JIMENEZ-ZEPEDA LCDD AND TREATMENT OPTIONS 9


