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KEY PO INT S

l LCDD often features
with symptomatic
extrarenal
involvement. LC
cationic hypervariable
regions possibly
account for tissue
deposition.

l Deep serum FLC
response, achieved
early in the disease
course, predicts
favorable renal and
patient outcomes.

Monoclonal immunoglobulin deposition disease (MIDD) is a rare complication of B-cell
clonal disorders, defined by Congo red negative–deposits of monoclonal light chain
(LCDD), heavy chain (HCDD), or both (LHCDD).MIDD is a systemic disorder with prominent
renal involvement, but little attention has been paid to the description of extrarenal
manifestations. Moreover, mechanisms of pathogenic immunoglobulin deposition and
factors associatedwith renal and patient survival are ill defined.We retrospectively studied
a nationwide cohort of 255 patients, with biopsy-proven LCDD (n 5 212) (including pure
LCDD [n 5 154], LCDD with cast nephropathy (CN) [n 5 58]), HCDD (n 5 23), or LHCDD
(n 5 20). Hematological diagnosis was monoclonal gammopathy of renal significance in
64% and symptomatic myeloma in 34%. Renal presentation was acute kidney injury in
patients with LCCD and CN, and chronic glomerular disease in the other types, 35% of
whom had symptomatic extrarenal (mostly hepatic and cardiac) involvement. Sequencing
of 18 pathogenic LC showed high isoelectric point values of variable domain comple-
mentarity determining regions, possibly accounting for tissue deposition. Among
169 patients who received chemotherapy (bortezomib-based in 58%), 67% achieved serum

free light chain (FLC) response, including very good partial response (VGPR) or above in 52%. Renal response occurred
in 62 patients (36%), all of whom had achieved hematological response. FLC response ‡ VGPR and absence of severe
interstitial fibrosis were independent predictors of renal response. This study highlights an unexpected frequency of
extrarenal manifestations in MIDD. Rapid diagnosis and achievement of deep FLC response are key factors of
prognosis. (Blood. 2019;133(6):576-587)

Introduction
Randall-type monoclonal immunoglobulin deposition disease
(MIDD) is a rare complication of clonal B-cell disorders, defined
by Congo red–negative nonorganized deposits of monoclonal
immunoglobulins, usually light chains (LCDD), and less com-
monly, heavy chains (HCDD) or both (LHCDD), along the
basement membranes of various organs.1,2 MIDD is a systemic
disorder with almost constant renal involvement. The corner-
stone of diagnosis is an immunofluorescence (IF) study of the
kidney biopsy, showing linear deposits of the involved mono-
clonal immunoglobulin predominantly along tubular basement
membranes (TBM), and usually in themesangium, along glomerular
basement membranes (GBM), or around arteriolar myocytes.

Ultrastructurally, deposits display a characteristic powdery punctate
appearance. As in light chain amyloidosis (AL amyloidosis), virtually
all organs can be involved in MIDD, with potential life-threatening
complications. However, little is known on the prevalence and
prognostic importance of systemic nonrenal manifestations in
MIDD.3-6

MIDD most commonly occurs in the context of a plasma cell
disorder meeting criteria for multiple myeloma (MM) in nearly
50% of cases and for monoclonal gammopathy of renal signif-
icance (MGRS) in the remaining patients.3,7-9 The concept of
MGRS was recently introduced to individualize small B-cell
clones lacking criteria for symptomatic disease, but secreting
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a pathogenic monoclonal immunoglobulin directly or indirectly
responsible for renal disease.10,11 Renal lesions in MGRS do not
depend on the clonal burden, but on physicochemical pecu-
liarities of the monoclonal immunoglobulin.10 Previous studies
suggested an overrepresentation of the Vk4 LC variability sub-
group in LCDD,12 but mechanisms governing immunoglobulin
tissue deposition remain unknown.

Treatment strategy in MIDD relies on chemotherapy targeting
the underlying clone. Before the era of novel antimyeloma
agents, median overall and renal survival was 2 and 4 years,
respectively.3,7 Although recent studies highlighted significant
advances with regimens containing bortezomib,8,13,14 thalido-
mide, or lenalidomide,15-17 current management of MIDD is
based on small cohorts and expert opinion. Guidelines for renal
and hematological responses are lacking,11 and factors associ-
ated with long-term outcomes remain to be defined. We herein
report the largest cohort of MIDD to date, aiming to better
define clinical, immunopathological, molecular characteristics,
and outcomes in this rare disease.

Methods
Cases were extracted from the database from the French Na-
tional Reference Center forMGRS. Inclusion criteria were biopsy-
proven MIDD, as defined by international criteria,1 (i) diffuse
linear monoclonal immunoglobulin deposits along TBM, GBM,
and/or around arteriolar myocytes by IF; (ii) that stained positive
for k or l LC only (LCDD), heavy chain (HC) only (HCDD), or for
both LC and HC (LHCDD); (iii) with punctate powdery electron-
dense deposits on TBM or GBM by electron microscopy (EM)
when available. The diagnosis of MIDD in other organs required
diffuse linear monoclonal immunoglobulin deposits along vas-
cular basement membranes by IF. In the remaining patients, it
was assumed in the absence of other identified cause, or be-
cause of improvement after chemotherapy. Because cardio-
myopathy in MIDD and AL amyloidosis shares similarities,6 the
diagnosis of heart involvement relied on International Society of
Amyloidosis (ISA) criteria18 based on both cardiac biomarkers
and echocardiography. Cardiac MIDD was excluded in patients
with a past history of hypertension. Diagnosis of peripheral
neuropathy was confirmed in all cases by electromyographic
studies. Demographics and clinical and biological data were
recorded at diagnosis, after completion of treatment and at last
follow-up. The diagnosis of MGRS, MM, and Waldenström
macroglobulinemia was established according to international
criteria.18-20 In patients with myeloma, hematological response
was assessed according to the International Myeloma Working
Group.20 In patients with MIDD-associated MGRS, the ISA
criteria18 based on the difference between the involved and
noninvolved LC (dFLC) were used: complete response (CR) was
defined by normalization of serum free light chain (FLC) ratio with
negative serum or urine immunofixation, very good partial re-
sponse (VGPR) by the difference between the involved and
noninvolved LC (dFLC) ,40 mg/L, or $90% decrease in dFLC.
When serum FLC results were not available, hematological re-
sponse was based on themonoclonal spike by electrophoresis.20

In patients with baseline proteinuria $0.5 g/d, renal response
was defined according to the ISA.18 Patients with proteinuria
,0.5 g/d who achieved 25% improvement in baseline estimated
glomerular filtration rate (eGFR) value were considered renal
responders.8,21 In LCDD patients with cast nephropathy (CN) and

acute kidney injury (AKI), International Myeloma Working Group
criteria for renal response were used.22

This study was performed in accordance with the Declaration of
Helsinki and received approval by local ethics committees.

Pathological studies
All kidney biopsy samples were processed for light and IF mi-
croscopy, as previously described.8,23 All pathology reports were
analyzed by 2 expert pathologists, and biopsy samples were
centrally reviewed when required to confirm the diagnosis of
MIDD. In addition, EM studies were centrally performed in 56
patients. Lung, heart, and liver biopsy samples were processed
according to local procedures.

Hematologic and immunologic studies
Bone marrow smears and/or biopsy were performed in all
patients. Serum and urine samples were systematically studied
by conventional electrophoresis and immunofixation. Immuno-
blot analysis was performed as previously described.24 Serum
FLC levels were serially monitored in 139 patients (Binding Site,
Birmingham, United Kingdom).

Molecular biology
Bone marrow RNA was collected in 28 patients (LCDD, n 5 15;
LHCDD, n 5 3, HCDD, n 5 10), as previously described.23,25 HC
sequences from HCDD patients have been previously pub-
lished.23 After reverse transcription (Biosystems) and polymerase
chain reaction, complementary DNA sequencing was performed
(Biosystems 3130XL). Sequences were analyzed using FinchTV
software (PerkinElmer); V domain subgroups and mutations as
compared with germline sequences were determined using the
IMGT/V-Quest online software.26 Sequence alignments were
performed using the Multalin Web site (http://multalin.toulouse.
inra.fr/multalin/). Predicted isoelectric point (pI) of V domains
and combined complementarity-determining regions (CDRs)
from LC were estimated using the pI calculator.27

Statistical analysis
Data are expressed as medians with interquartiles (IQ25-75) for
continuous variables and frequencies with percentages for
qualitative variables. Fisher’s exact test andMann-WhitneyU test
were used for the comparison of qualitative and continuous
variables, respectively. Survival analysis was performed by the
Kaplan-Meier method and compared across groups using the
log-rank test. A multivariate Cox model was used to assess
factors associated with renal response, renal survival, and overall
survival (OS). Statistical significance was assumed at P , .05.
Analyses were carried out using GraphPad Prism version 5.1
(GraphPad Software, San Diego, CA).

Results
Baseline renal and hematological data
Two hundred fifty-five patients (median age 63.7 years, men
52%), diagnosed with LCDD (n 5 212), HCDD (n 5 23), or
LHCDD (n5 20) between 1981 and 2015 in 55 centers in France,
were included (Table 1; Figure 1). The diagnosis was established
on allograft biopsy in 9 patients. Among 212 LCDD patients, 58
patients had concomitant myeloma CN: all had AKI and 52
required hemodialysis at diagnosis. Patients with pure LCDD
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presented with chronic glomerular disease with median eGFR of
21 mL/min/1.73 m2 (11-32) and proteinuria of 2.4 g (1.2-4.5).
Thirty-five patients had proteinuria ,0.5 g/d. Bone marrow
plasmacytosis and dFLC level were higher in patients with LCDD
and CN (LCDD-CN) than in those with pure LCDD. Renal pre-
sentationof LHCDDpatientswas close to that of pure LCCDpatients.
Compared with pure LCDD patients, HCDD patients had more
frequent hypertension, higher baseline eGFR, lower albuminemia,
and higher prevalence of nephrotic syndrome (P , .001; Table 1).

Monoclonal gammopathy (immunoglobulin G [IgG], n 5 101,
44%; IgA, n 5 35, 15%; IgM, n 5 16, 7%; IgD, n 5 3, 1%; or LC
only, n 5 74, 32%) was detected in the serum and/or urine from
229 patients (90%). LC isotype was k in 181 cases (79%). All 139
patients tested for serum FLC (including all HCDD and LHCDD
cases) showed abnormal k/l ratio, with median dFLC of 431 mg/L
(74-2318). Serum immunoblot studies, performed in 15 HCDD
patients, revealed a truncated heavy chain (CH1 deletion) in 9 cases
(60%). Median plasma cell infiltration was 14% (5-32) and .10% in
137 patients. Hematological diagnosis was MGRS (n 5 163, 64%),
symptomatic myeloma (n 5 86, 34%), Waldenström macroglobu-
linemia (n 5 3), and chronic lymphocytic leukemia (n 5 3). Out of
45 patients with available data, 7 (15.6%) had high-risk cytoge-
netic abnormalities (del17p, n 5 3; t(4;14), n 5 4, both, n 5 1).

Extrarenal involvement
Eighty-nine patients (35%) had extrarenal manifestations
(Table 1; supplemental Table 1, available on the BloodWeb site),
with histologically proven linear monoclonal immunoglobulin
deposits matching the circulating monoclonal immunoglobulin in
31 cases. Liver involvement with hepatomegaly and cholestasis
(n5 43, 17%) was the most common. Fifteen patients had raised
liver enzymes. Bilirubin levels were normal, except in 1 gHCDD
patient who presented with fulminant hepatitis.

Thirty-one LCDD patients had heart involvement (12.2%), with
raised NT-proBNP and/or troponin T levels, and .12 mm diastolic
interventricular septum thickness with diastolic dysfunction by echo-
cardiography, in the absence of severe hypertension. Other involved
organs/tissues were peripheral nerve (9.4%), minor salivary gland
(6.6%), gastrointestinal tract (4.3%), lung (2.4%), and skin (2.4%).

The prevalence of nonrenal manifestations was higher in pure
LCDD (48.7%) compared with other MIDD types (13.9%)
(P , .01; Table 1).

Pathological data
Diagnosis was assessed after pathological examination of native
kidney (n 5 239), transplanted kidney (n 5 9), lung (n 5 3), liver
(n5 2), or heart (n5 2) biopsy (Table 2). Detailed renal pathology
results were available in 220 patients. Light microscopy studies
showed TBM thickening and nodular glomerulosclerosis in
180 (82%) and 131 (60%) patients, respectively. Nodular glo-
merulosclerosis was present in all HCDD cases, in 78%of LHCDD
or pure LCDD cases, and in none of LCDD-CN cases. Arterio-
sclerosis was observed in 135patients (61%)with severe interstitial
fibrosis/tubular atrophy in 68 patients (34%). Typical myeloma
casts were found in LCDD patients only.

By IF, diffuse linear immunoglobulin deposits were observed
along TBM in all cases, with deposits along GBM andmesangium
in 183 patients (83.0%). LCDD cases showed an overrepresentationTa
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of monoclonal k LC deposits (n 5 143, 79.4%), whereas HCDD
and LHCDD patients displayed mostly g HC deposits (81.8 and
94.4%, respectively), with an overrepresentation of the g1 HC
subclass. EM studies showed electron dense powdery punctate
deposits along the outer aspect of TBM (n5 39) and/or the inner
aspect of GBM (n 5 34) and/or in the mesangium (n 5 25)

(Figure 2). Four LCDD patients had associated glomerular AL
amyloid deposits with similar LC isotype restriction. In 13
patients with liver involvement (LCDD, n 5 11; HCDD, n 5 2),
linear monotypic deposits were seen in Disse spaces and in
biliary duct basement membranes. Endomyocardial (n5 5), lung
(n 5 5), and peripheral nerve biopsies (n 5 4) showed linear

Patients with
complete renal

pathological
data

N=220

Patients at baseline
(biopsy-proven

MIDD)
N=255

Patients with
available
follow-up
N=176

Patients who
received

chemotherapy
N=169

Patients treated
with supportive
measures alone

N= 7

Available data
-on renal outcome n=166
-on overall survival n=176
-on FLC response n=139

Figure 1. Study flowchart.

Table 2. Renal pathological data

All (n 5 220) LCDD (n 5 180) HCDD (n 5 22) LHCDD (n 5 18)

Light microscopy, n (%)
Nodular glomerulosclerosis 131 (60) 95 (53) 22 (100)* 14 (78)†
TBM thickening 180 (82) 151 (84) 15 (68) 14 (78)
Tubular atrophy and interstitial fibrosis

Mild/moderate 126 (57) 101 (56) 13 (59) 12 (67)
Severe 68 (31) 59 (33) 4 (18) 5 (28)

Arteriosclerosis
Mild/moderate 103 (47) 82 (46) 11 (50) 7 (39)
Severe 32 (15) 26 (14.4) 3 (13.6) 3 (16.7)

CN 58 (26) 58 (32) 0* 0†
Amyloidosis 4 (2) 4 (2) 0 0

IF, n (%)
Linear TBM deposits 220 (100) 180 (100) 22 (100) 18 (100)
Linear GBM deposits 180 (82) 143 (79) 20 (90) 17 (94)
Light chain isotype (k/l) 157/41 143/37 0/0 14/4
Heavy chain isotype (g/a/m) 35/4/1 0/0/0 18/4/0 17/0/1
g HC subtypes (g1/g3/g4)‡ — — 14/1/3 5/0/1

EM, n (%) 56 (25.5) 38 (21.1) 11 (50) 7 (38.9)
GBM deposits 34 (61) 19 (50) 11 (100)* 4 (57)
TBM deposits 39 (69) 28 (74) 11 (100) 2 (29)
Mesangium 25 (45) 15 (39) 9 (82)* 1 (14)
Vascular 10 (18) 7 (18) 3 (27) 0

*P , .05, comparison between LCDD and HCDD.

†P , .05, comparison between LCDD and LHCDD.

‡Data available in only 6 LHCDD patients.
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monotypic LC deposits, aroundmyocytes and in cardiac vascular
walls, in bronchiolar and arteriolar basement membranes, in
endoneurial microvessels, and around myelin sheaths, respec-
tively (Figure 3).

Molecular biology data
LC sequences were obtained in 18 patients with LCDD or
LHCDD. Mutations possibly affecting LC structure, charge, or
hydrophobicity are recapitulated in supplemental Figure 1. We
confirmed the overrepresentation of the Vk4 (n 5 5) variability
subgroup. Appearance of N-glycosylation sites was observed in
the FR3 regions of 4 sequences (patients 5, 7, 15, and 17) due to
the same D.N mutation in position 86. Another de novo
N-glycosylation was seen in the CDR3 of patient 10. LC se-
quencing also revealed a biased usage of Vk subgroups with
long CDR1 like Vk4 (12 nucleotides, n 5 6), Vk2-28 (11
nucleotides, n 5 3), and Vk3-20 (7 nucleotides, n 5 2) instead of
the canonical 6-nucleotides-long CDR1. Because a high pI was
previously suspected to be involved in the deposition of LC in
negatively charged basement membranes, we calculated the
theorical pI of entire V regions and of combined CDRs of the
LCs.28 Results were compared with a set of other unpublished LC
sequences from patients with AL amyloidosis or LC-Fanconi
syndrome. In contrast with previously published HCDD HCs
sequences,23 we did not find any differences in the pIs of
complete V regions. However, we observed a striking elevation
of pI values in the combined CDRs of LCDD LCs compared with
controls (8.20 6 0.46 vs 4.37 6 0.38, mean 6 standard error of
the mean) (Figure 4).

Chemotherapy regimens
Data on treatment were available for 176 patients (supplemental
Table 2). Among these, 169 patients received chemotherapy.
Ninety-five patients (56.3%) were given 1 line of treatment,
whereas 36 received 2 lines (21.4%) and 37 required 3 or more
(21.9%). Chemotherapy consisted of bortezomib- (n5 98, 58%),
alkylator- (n 5 28, 17%), thalidomide/lenalidomide- (n 5 17,
10%), adriamycin- (n 5 16, 9.5%), rituximab-based therapy
(n5 4, 2.4%) or steroids alone (n5 1, 0.6%). Patients received
a median of 4 cycles (3-6). High-dose melphalan and autol-
ogous stem cell transplantation (HDM/ASCT) was performed
in 38 patients, including 31 with myeloma, after a median time
of 5 (5.9-9.2) months from diagnosis. Median age at HDM/ASCT
was 53 years (46-60); median eGFR was 41 mL/min/1.73 m2, and
4 patients were on chronic hemodialysis.

Treatment-related toxicity was reported in 68 patients (40%), 30
of whom experienced serious adverse events (supplemental
Table 3). Among 98 patients who received bortezomib, adverse
events were recorded in 34 (37%), most commonly peripheral
neuropathy (n5 30, 32%), leading to premature discontinuation
in 4 patients. Eight of the 16 patients treated with adriamycin
experienced cardiac toxicity. One patient who underwent HDM/
ASCT on chronic dialysis died of cerebral hemorrhage 10 days
after the procedure.

Response and outcomes
Among 169 treated patients, hematological response rate was
67%, with CR and VGPR rates of 28% (n5 50) and 24% (n5 43),

A D

B E

C F

Figure 2. Renal pathological findings. (A-C) Pure LCDD. (A)
Light microscopy (Periodic acid–Schiff staining, original
magnification 3400). Section of renal cortex showing nodular
glomerulosclerosis with nodular mesangial deposits (arrows)
and aneurysmal dilatation of the capillary lumens (asterisks).
Bar 5 50 mm. (B) IF microscopy (anti-k fluorescein iso-
thiocyanate conjugate, original magnification 3200). Linear
deposits along glomerular (asterisks) and tubular (arrows)
basement membranes, and around vascular myocytes
(arrowhead). Bar 5 50 mm. (C) EM (original magnification
312 000). Linear electron dense deposits predominating
in the inner aspect of the GBM. Bar5 1 mm. (D-F) LCDDwith CN.
(D) Light microscopy (Periodic acid–Schiff staining, original
magnification 3200). Section of renal cortex showing TBMs
thickening (arrow) and typical fractured casts in distal tubules
with giant cells and tubulorrhexis (asterisks). Note the roughly
normal appearance of the glomerulus. Bar5 50 mm. (E) IF
microscopy (anti-l fluorescein isothiocyanate conjugate,
original magnification 3200). Linear deposits along TBMs
(arrowhead) and casts within distal tubule lumens (asterisks).
(F) Enlarged multilayered TBM with electron-dense (arrows)
powdery punctuate deposits predominating in the outer as-
pect (EM, original magnification 315 000). Bar 5 1 mm.
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respectively. Response rate was similar among MIDD subtypes
and among patients with symptomatic myeloma (63.0%) or
MGRS (73.7%) (P5 .18; supplemental Table 4). VGPR or CR was
achieved in 47.9% of patients with myeloma, and in 58.9% of
patients with MGRS (P 5 .16). By univariate analysis, factors
associated with hematological response were age (62 vs 68 years
in nonresponders, P 5 .003), bortezomib-based therapy
(P , .0001), HDM/ASCT (P , .0001), and diagnosis after
2004 (67% vs 26%, P , .0001). VGPR/CR rate was higher in
patients treated with first-line bortezomib (60 vs 25%, P , .0001;
supplemental Table 5).

Renal response occurred in 62 patients (36%), all of whom had
achieved hematological response (Table 3). In renal responders,
proteinuria decreased by 89% and eGFR improved from
22.9 mL/min/1.73 m2 (12.6-36.2) at baseline to 42.6 mL/min/
1.73 m2 at last follow-up. Patients who achieved renal response
had higher baseline eGFR (22.9 [12.6-36.3] vs 14.40 [7.0-29.6] mL/
min/1.73 m2, respectively, P 5 .004). In univariate analysis, factors
associated with renal response were hematological response $

VGPR (odds ratio [OR] 5.58; 95% confidence interval [CI]
2.77-11.24; P , .0001), bortezomib-based therapy (OR 3.23
95% CI 1.57-6.65; P 5 .0005), dialysis at diagnosis (OR 0.17,
95% CI 0.06-0.51, P 5 .0006), diagnosis after 2004 (OR 4.35,
95% CI 1.85-10, P 5 .0007), absence of severe interstitial fi-
brosis and tubular atrophy (IFTA) (OR 2.78, 95% CI 1.37-5.56,
P 5 .004), absence of severe arteriosclerosis (OR 3.84, 95% CI
1.08-14.3, P 5 .04). In multivariate analysis, predictive factors of
renal response were hematological response $ VGPR (OR 4.14

95% CI 1.75-9.83), absence of severe IFTA (OR 3.45, 95% CI
1.45-8.33), and diagnosis after 2004 (OR 3.70, 95% CI 1.25-11.1).

After median follow-up of 27.3 months (10-70), 58 patients had
progressed to ESRD (supplemental Figure 2A). Renal survival
was associated with the quality of hematological response
(VGPR/CR), and with renal response (Table 4; Figure 5A). Renal
survival at 36 months was 86% in patients with and without
VGPR/CR, respectively, and 91% vs 63% in renal responders vs
nonresponders (P, .0001; Figure 5B). Median renal survival was
88 months vs 209 months in patients with baseline eGFR
,30 mL/min/1.73 m2 compared with those with eGFR $30 mL/
min/1.73 m2 (P 5 .005; Figure 4C). In patients with LCDD-CN,
median renal survival was 81.6 months vs unreached (P5 .06) in
patients with pure LCDD (Figure 4D). Renal survival was sig-
nificantly lower in patients with myeloma (97 vs 215 months,
P 5 .02; supplemental Figure 3A). Several factors were selected
for multivariate analysis: baseline eGFR ,30 mL/min/1.73 m2,
AKI at diagnosis, symptomaticmyeloma, hematological response,
HDM/ASCT, renal response, IFTA. Only baseline eGFR
,30 mL/min/1.73 m2 (relative risk [RR] 6.62, 95% CI 2.04-21.49,
P5 .0017), AKI (RR 3.53, 95% CI 1.91-6.50, P, .0001), and renal
response (RR 0.13, 95% CI 0.06-0.32, P , .0001) were inde-
pendently associated with renal survival (Figure 5). In patients
with MGRS, response $ VGPR was associated with higher renal
survival (supplemental Figure 4A).

At the time of censoring, 71 patients had died after a median of
14 (13-48) months from diagnosis (supplemental Figure 2B).

A B

C D

E F

Figure 3. Extrarenal pathological findings. (A-B) Duodenal
biopsy. (A) Light microscopy (hematoxylin and eosin staining,
original magnification 3400). Crypt atrophy and deposits
(arrows) within the basement membranes of the mucosa. (B) IF
microscopy (anti-k fluorescein isothiocyanate conjugate,
original magnification 3400). Linear deposits along the
basement membranes of the mucosa and around vascular
myocytes. (C-D) Liver biopsy. (C) Light microscopy (Masson’s
trichrome staining, original magnification 3400). Deposits
along sinusoids within Disse spaces. (D) Immunohistochem-
istry (anti-k antibody, original magnification 3200). Diffuse
linear deposits in Disse spaces. (E-F) Minor salivary gland
biopsy. (E) Light microscopy (hematoxylin and eosin staining,
original magnification 3200). Deposits along glandular base-
ment membranes and around vascular myocytes (arrows).
(F) IF microscopy (anti-k fluorescein isothiocyanate conjugate,
original magnification 3200). Linear deposits along glandular
basement membranes. Bars 5 50 mm.
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Causes of death were myeloma progression (n 5 26, 14.8%),
sepsis (n 5 16, 9.1%), cardiovascular event (n 5 8, 4.5%), other
neoplasia (n5 5, 2.8%), hemorrhage (n5 2, 1.2%), and unknown
(n 5 14, 8%). OS at 36 months was 88% vs 44% in patients who
achieved or not VGPR/CR, respectively (P 5 .001), and 87% vs
60% in patients with or without renal response (P, .0001; Figure
6A-B). Median OS was 65.4 months in patients with baseline
eGFR ,30 mL/min/1.73 m2 vs unreached in those with higher
eGFR (P 5 .0015; Figure 6C). Median OS was shorter in LCDD-
CN compared with pure LCDD (28 vs 140 months, P 5 .006;
Figure 6D; supplemental Figure 3B). In multivariate analysis,
factors associated with mortality were hematological response$

VGPR (OR 0.32, 95% CI 0.17-0.60, P , .0001), renal response
(OR 0.28, 95% CI 0.14-0.56; P, .0001), associated CN (OR 1.91,
95% CI 1.15-3.17; P 5 .0008), age .75 (OR 4.14, 95% CI 2.40-
7.12, P, .0001). Use of bortezomib resulted in higher renal and
patient survival (supplemental Figure 5). In patients with MGRS,
OS was also associated with hematological response (supple-
mental Figure 4B).

Twenty-three patients (LCDD, n 5 20; LHCDD, n 5 2; HCDD,
n 5 1) received a kidney transplant from a cadaveric donor. In 9
patients, MIDD was diagnosed after recurrence on the allograft,
after a median time of 32 months (23-42) after transplantation.
Seven received chemotherapy, and graft loss occurred in 4,
within a median of 46 (40-52.5) months and 12 (9-24) months
from transplantation and diagnosis of MIDD, respectively. In the
remaining 14 patients, renal transplantation was performed after
a median of 54 months (31-98) following diagnosis of MIDD
on native kidneys. All had achieved hematological response prior
to transplantation. Disease recurrence occurred in 4 cases after
a median of 38 (32.5-42) months. All received chemotherapy, and

only 1 patient experienced graft failure after 60 months. After
median follow-up of 89 months (35-163), among 23 transplanted
patients, 3 had died (2 with a functional graft), and 5 had graft
failure because of recurrence (including 4 patients diagnosedwith
MIDD after transplantation). Sixteen patients had functional renal
allograft with median eGFR of 46 mL/min/1.73 m2 (42-58).

Discussion
The present large series provides novel insights into the clini-
copathological characteristics and prognosis of MIDD. First, it
highlights that renal disease is heterogeneous, depending on
the nature of deposited monoclonal immunoglobulin and un-
derlying hematological disorder. Pure LCDD is the most fre-
quent type, typically associated with MGRS and presenting with
chronic glomerular disease. Rarely, it manifests with slowly
progressive CKD without significant proteinuria, leading to
delayed diagnosis. In this setting, glomerulosclerosis is un-
common, and deposits predominate in the renal vascular and
tubular compartments.8,21 In contrast, LCDD occurring in the
setting of symptomatic myeloma frequently coexists with CN.
The high frequency of this association in our series might be
biased, because in routine practice, the severity of AKI usually
dictates the indication of kidney biopsy in myeloma patients.
LCDD-CN has similar presenting features and outcomes as pure
CN and differs from pure MIDD by significantly higher dFLC
levels, a condition required for the formation of LC casts.7,29,30

Histologically, nodular glomerulosclerosis is absent, and the
diagnosis relies on IF showing linear LC deposits along base-
ment membranes, a finding referred to as LCDD “by IF only.”7

HCDD is a homogeneous entity, almost invariably related to
MGRS, and characterized by frequent hypertension, heavy
proteinuria, nephrotic syndrome, progressive CKD, and constant
nodular glomerulosclerosis, the pathological hallmark of the
disease.23 LHCDD displays clinicopathological features re-
sembling pure LCDD. These results suggest that the diagnosis
of MIDD should be considered even in the absence of typical
glomerular symptoms and reinforce the diagnostic value of kidney
biopsy in patients withmonoclonal gammopathy-associated renal
disease.

The systemic nature of MIDD is likely to have been under-
recognized. Extrarenal manifestations, mostly liver and heart
disease, were reported in ;4% of patients from previous
series.13,14 In our cohort, 35% of patients had symptomatic extra-
renal involvement, histologically confirmed in 12%, with a wide
range of affected organs. Liver, heart, and peripheral nerve
manifestations were themost common, with a higher prevalence in
pure LCDD. In a recent series of 69 LCDD patients, 85% of whom
with MM, cardiac involvement was confirmed by endomyocardial
biopsy in 33%.6 In our cohort, symptomatic cardiac disease was
observed mostly in patients with pure LCDD and MGRS, sug-
gesting that the pattern of organ involvement is determined by
molecular characteristics of the pathogenic monoclonal immuno-
globulin, rather than by tumor mass. Only 7 patients (2.8%) had
prominent extrarenal involvement with hepatic, cardiac, and pul-
monary symptoms. This differs from systemic AL amyloidosis where
the prevalence of heart and liver involvement is ;60% and 30%,
respectively.18 As in AL amyloidosis, cardiac disease manifests with
hypertrophic cardiomyopathy, diastolic dysfunction, conduction
blocks, and arrhythmia.31 This highlights the importance of
careful clinical workup in MIDD, including systematic Doppler
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Figure 4. Calculated pI of combined CDRs (CDR11CDR21CDR3) in k LCs from
LCDD or control patients. Blood pH is indicated by the red line. Control LCs were
from patients with AL amyloidosis (green dots) and Fanconi syndrome (blue dots).
There was no difference between the 2 control groups (not shown). ****P , .0001
(Mann-Whitney U test).
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echocardiography andmeasurement of NT-proBNP and troponin
levels.6 Cardiac involvement was not associated with adverse
prognosis in our patients, suggesting a potentially less severe
course of LCDD-related cardiomyopathy compared with AL
amyloidosis. However, the small sample size is a limitation, andheart
disease in LCDD was recently reported to increase mortality
after HDM/ASCT.6

One patient had isolated lung involvement, with cystic pneu-
mopathy, emphysematous bronchial dilatation, and chronic
obstructive pulmonary disease. Primary cystic lung LCDD,
mostly observed in young adults, is a localized process, that
derives from locally infiltrating clonal B cells characterized by

the expression of IGHV4-34 and Vkappa 1 subgroup corre-
sponding to MALT lymphoma.5,32 Lung transplantation may allow
acceptable survival without disease recurrence.33 Although thyroid,
lung, skin, esophagus, and liver involvement has been reported,
symptomatic extrarenal disease appears uncommon in HCDD.23

We confirmed a peculiar association with cutis laxa, present in 3 out
of 18 gHCDD patients. Cutis laxa is a rare disorder characterized
by loss of skin elasticity, secondary to elastic tissue destruction
through release of elastase following complement activation in-
duced by monoclonal HC deposition.34

The present work provides novel data on LC molecular char-
acteristics in LCDD that bear striking homologies including

Table 3. Characteristics of renal responders

Renal responders (n 5 62) Nonresponder (n 5 104) P

Age, y (range) 62.4 (50.7-73.6) 64.5 (57.3-74.5) ns

Diagnosis before 2004, n (%) 8 (12.9) 44 (42.3) ,.0001

MIDD type, n (%) LCDD (n 5 51) LCDD (n 5 86) ns
LHCDD (n 5 3) LHCDD (n 5 8)
HCDD (n 5 8) HCDD (n 5 10)

eGFR at diagnosis, mL/min/1.73 m2 (range) 23.0 (12.6-36.3) 14.4 (7.0-29.6) .004

RRT requirement at diagnosis, n (%) 4 (6.5) 30 (28.8) .0006

24-h proteinuria (g) 2.0 (0.9-4.9) 1.5 (0.7-3.5) ns

Symptomatic myeloma, n (%) 22 (35.5) 47 (45.2) ns

dFLC at diagnosis, mg/L (range) 1478 (146-4768) 875 (141-2990) ns

VGPR/CR, n (%) 47 (75.8) 42 (40.4) ,.0001

Data at last follow-up
eGFR, mL/min/1.73 m2 (range) 42.6 (26.6-58.9) 27.2 (20.4-33.6) .005
ESRD, n (%) 8 (12.9) 63 (60.6) ,.0001
Death, n (%) 12 (19.4) 58 (55.8) ,.0001

Treatment received
Bortezomib-based regimen, n (%) 51 (82.3) 55 (52.9) .0001
No treatment, n (%) 0 5 (4.8) ns

eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; ns, not significant; RRT, renal replacement therapy.

Table 4. Factors associated with renal survival

Univariate analysis RR (95% CI) P Multivariate analysis RR (95% CI) P

eGFR ,30 mL/min/1.73 m2 9.56 (2.98-30.73) .0002 6.62 (2.04-21.49) .002

LCDD 1 CN 2.73 (1.58-4.72) .0003

Severe IFTA 2.13 (1.09-4.16) .0277

AKI at diagnosis 3.14 (1.83-5.40) ,.0001 3.53 (1.91-6.50) ,.0001

VGPR or CR 0.45 (0.26-0.78) .0047

HDM/ASCT 0.26 (0.10-0.67) .0053

Renal response 0.15 (0.07-0.36) ,.0001 0.13 (0.06-0.32) ,.0001
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cationic combined CDRs potentially involved in their propensity
to deposit on negatively charged basement membranes, a long
CDR1 with a bias for Vk4 usage and the frequent appearance of
N-glycosylation sites, which may favor LC aggregation. These
features deserve to be explored in experimental models to
better understand the process of LC deposition.

Hematological response appears as the main prognostic factor
in MIDD. We found that FLC levels, which were abnormal in all
types of MIDD, including HCDD, are reliable markers of treat-
ment efficacy. Achievement of VGPR and the absence of severe
fibrosis on diagnostic renal biopsy were independent predictors
of renal response. Despite the limitations of a retrospective
study, early diagnosis, introduction of clone-targeted chemo-
therapy, and evaluation of treatment efficacy based on FLC
monitoring appear as the cornerstones of management. Treat-
ment of patients with LCDD-CN is similar to that of symptomatic
myeloma. In patients withMGRS-associatedMIDD, VGPRdefined
as dFLC ,40 mg/L should be the goal of chemotherapy, more
likely to be achieved with bortezomib-based regimens. Indeed,
renal and patient outcomes dramatically improved in patients
diagnosed after 2004, whenboth FLCmeasurement andbortezomib
became available. Bortezomib which does not require dose adap-
tation to GFR level was well tolerated, despite mostly used through
an IV route. Systematic subcutaneous administration will probably
result in improved tolerance profile.35 Hematological response rate
was 67% (including VGPR or above in 52%), close to that observed

with bortezomib-based chemotherapy in systemic AL amyloidosis
or MM.36-39 In a transgenic mouse HCDD model, we showed that
bortezomib induced a strong decrease of renal deposits, and that
the presence of the isolated truncated HC sensitized plasma cells
to bortezomib through an elevated unfolded protein response.40

HDM/ASCT also provided high hematological and renal response
rates. However, the procedure is associated with increased mor-
bidity and mortality in patients with eGFR,30 mL/min/1.73 m2.41

Because of the efficacy of novel antimyeloma agents with sus-
tained hematological responses, the current place of HDM/ASCT
in the therapeutic strategy of MGRS-associated MIDD is ques-
tionable. It remains to be evaluated in young patients, with re-
fractory or rapidly relapsing disease.

Finally, our study provides novel data on long-term outcomes after
kidney transplantation in MIDD. As previously reported, graft survival
was very poor in patients who did not receive chemotherapy before
transplantation, or in those diagnosed with MIDD after recurrence on
the allograft.42 However, patients transplanted after stable hemato-
logical response showed acceptable graft and OS. Thus, as in AL
amyloidosis, renal transplantation appears as a valuable option in
selected patients with sustained VGPR or CR prior to the procedure.

In conclusion, the present series highlights the clinical hetero-
geneity of MIDD depending on both the nature of the involved
monoclonal immunoglobulin and the characteristics of the un-
derlying hematological disease, with an underestimated frequency
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Figure 5. Renal survival.Kaplan-Meier curves of renal survival according to (A) hematological response (n5 169), (B) renal response (n5 166), (C) baseline eGFR (n5 169), (D) LCDDwith or
without associated CN (n5 138). Time to event was calculated from the day of the diagnosis of MIDD (D0). Renal survival proportions at 12, 36, and 60months were 95%, 86%, 86% vs 70%,
62%, 51% in patients with andwithout VGPR/CR, respectively, and 97%, 91%, 91% vs 74%, 63%, 59% in renal responders vs nonresponders (P, .0001). NR, no response; PR, partial response.
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of extrarenal involvement. Thanks to the use of novel anti-
myeloma agents and reliable monitoring of hematological re-
sponse, the prognosis ofMIDDhas been transformedover the last
15 years. Early diagnosis remains a necessary condition for pro-
longed renal and patient survival.
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