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Key Points

• Deep clonal responses to
chemotherapy are associated
with improved renal and overall
outcomes in patients with light
chain deposition disease.

• Deep clonal responses should
be targeted, even in patients
with advanced chronic kidney
disease from light chain
deposition disease.

Light chain deposition disease (LCDD) is characterized by the deposition of monotypic im-

munoglobulin lightchains in thekidney, resulting in renaldysfunction.Fifty-threepatientswith

biopsy-proven LCDD were prospectively followed at the UK National Amyloidosis Center.

Median age at diagnosis was 56 years, and patients were followed for a median of 6.2 years

(range, 1.1-14.0 years). Median renal survival from diagnosis by Kaplan-Meier analysis was

5.4 years, andmedian estimated patient survival was 14.0 years; 64% of patients were alive at

censor. Sixty-two percent of patients required dialysis, andmedian survival from commence-

mentof dialysiswas5.2 years. Therewasastrongassociationbetweenhematologic response

to chemotherapy and renal outcome, with a mean improvement in glomerular filtration rate

(GFR) of 6.1mL/min/year among those achieving a complete or very good partial hematologic

response (VGPR) with chemotherapy, most of whom remained dialysis independent,

comparedwith ameanGFR loss of 6.5mL/min/year among those achieving only a partial or

no hematologic response (P < .009), most of whom developed end-stage renal disease

(ESRD; P 5 .005). Seven patients received a renal transplant, and among those whose

underlying clonal disorder was in sustained remission, there was no recurrence of LCDD up to 9.7 years later. This study highlights the

need todiagnoseand treat LCDDearly and to target at least a hematologic VGPRwith chemotherapy, even amongpatientswith advanced

renal dysfunction, todelayprogression toESRDandprevent recurrenceofLCDD in the renal allograftsof thosewhosubsequently receive

a kidney transplant. (Blood. 2015;126(26):2805-2810)
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Introduction

Monoclonal immunoglobulin deposition disease is a group of multi-
system disorders characterized by deposition of monoclonal immuno-
globulin light or heavy chains in various organs.1 The most commonly
diagnosed monoclonal immunoglobulin deposition disease is light
chain deposition disease (LCDD) in which monoclonal immunoglob-
ulin light chains (LCs) are deposited, the others being heavy chain
deposition disease and light and heavy chain deposition disease.2,3

Clinical manifestations of LCDD vary, depending on which organs
are involved.4 Because LCs are filtered by the glomeruli, reabsorbed
in proximal tubules by receptor-mediated endocytosis, and degraded
in tubular cells by lysosomal enzymes,4-6 the kidney is the principal
target for LC deposition, and renal involvement and dysfunction
usually dominate the clinical disease course.1,7 Hepatic, cardiac, and
neural deposits have also been documented however, and need to be
considered in all newly diagnosed patients with renal LCDD.6,8,9

LCDD typically presents with hypertension, microhematuria,
and proteinuria, and, in the absence of therapy, the clinical course
is one of inexorablyprogressive chronickidneydisease (CKD), leading
to a requirement for renal replacement therapy (RRT).2,4,9-11 Reported
outcomeswith renal transplantationhavegenerally beenpoor,withmost
allograft failuresoccurringwithin a fewyears fromrecurrentLCDD.12,13

Here, we report the clinical presentation, course, and outcome
among 53 patients with LCDDwhowere prospectively followed at the
UK National Amyloidosis Centre (NAC), highlighting the importance
of aggressively treating the underlyingmonoclonal proliferative disease.

Methods

Patients

All 53 patients with biopsy-proven LCDD followed prospectively at the
NAC between 2002 and 2015 were included in this study. Although this
was not a formal protocolized study, patients attended the NAC for their
initial evaluation and were prospectively and systematically followed at
regular intervals (usually every 6 months) for evaluation of organ function
and hematologic parameters. Attendance at the NAC included a compre-
hensive histologic and clinical review including an assessment at baseline
for the presence of extrarenal involvement by LCDD. Investigations
included a standardized 6-minute walk test, electrocardiography, detailed
echocardiography, and serologic markers of cardiac (N-terminal pro-brain
natriuretic peptide [NT-proBNP] and Hs-Troponin T), liver and bone
function, as well as urine biochemistry. No patients were lost to follow-up.

All patients gave informed consent andweremanaged in accordancewith
the Declaration of Helsinki. The study was approved by the Royal Free Hospital
Ethics Committee.

Histology

All renal biopsies were processed by standard techniques for light microscopy,
immunofluorescence and/or immunohistochemistry, and electron microscopy.
All biopsies were stained with Congo red dye, as well as antibodies to k and
l immunoglobulin light chains.14,15 They were initially reported by local
renal pathologists and then reviewed, where necessary after restaining, by
a single renal pathologist at the Royal Free London National Health Service
Foundation Trust (PB).9,12,16,17

Liver LCDD was confirmed histologically in both cases in which it was
suspected biochemically, and lung LCDD was confirmed by surgical lung
biopsy in a patient with panacinar emphysema.18

Hematologic investigations

All patients underwent a bone marrow biopsy at diagnosis to determine the
plasma cell percentage and morphology. Detection and characterization of

serum and urine monoclonal immunoglobulins were performed using con-
ventional immunoelectrophoresis and immunofixation. Data on serum free
light chains (FLCs) were not available for all patients at the time of diagnosis,
as nephelemetric measurements of serum FLCs (Freelite, Binding Site,
Birmingham, UK) only became available after 2002. In such cases, FLCs at
the time of diagnosis were obtained from analysis of stored serum samples. At
diagnosis, all patients were tested for hypercalcemia, anemia, and osteolytic
lesions.19,20

Hematologic response to chemotherapy, in the face of polyclonal retention
of FLCs associated with CKD, was defined according to the difference between
pathogenic and nonpathogenic light chain concentration (dFLC), as previously
described.21 Briefly, hematologic complete response (CR) was defined as
normalization of FLC ratio in the absence of a detectable monoclonal pro-
tein by serum and urine immunofixation electrophoresis, hematologic very
good partial response (VGPR) as a decrease in dFLC to ,40 mg/L, hema-
tologic partial response (PR) as .50% decrease in dFLC from baseline, and
hematologic no response (NR) as#50% decrease in dFLC from baseline. FLCs
and paraproteins were monitored monthly, and a formal hematologic response
assessment was performed at 6 months from start of chemotherapy.

Other investigations

Proteinuria was measured from a 24-hour urine collection at presentation and
every 6months thereafter. Glomerular filtration ratewas estimated (eGFR) using
the Modification of Diet in Renal Disease formula. Nephrotic range proteinuria
(NRP) was defined as 24-hour proteinuria $3 g and nephrotic syndrome was
NRP accompanied by serum albumin of ,2.5 g/dL and peripheral edema.
Hypertension was defined by systolic blood pressure .140 mm Hg, diastolic
blood presure.90 mm Hg, or a requirement for antihypertensive medication.

Renal course was determined by change in eGFR throughout follow-up.
Renal survival was defined as time from diagnosis to RRT. Twenty-one patients
were excluded from the analysis of renal response in relation to hematologic
response (10 cases on RRT before diagnosis of LCDD and 11 cases, median
eGFR 12 mL/min per year at diagnosis, who received RRT before chemo-
therapy), leaving 32 evaluable patients for this analysis.

Statistical methods

Renal outcomes (native and transplant) were censored at the date of last GFR
measurement prior to 20 June 2015, and patient survival was censored on the
samedate.For analysesof renal survival, patientswhodiedwithout a requirement
for RRT were censored. Kaplan-Meier analyses were used to investigate both
renal and patient survival, and the log-rank test was used to compare differences
in stratified survival analyses. Univariate analysis was used to investigate the
association of histologic features with GFR and proteinuria. Mann-Whitney
U tests were used to compare outcomes between patients with different
categories of hematologic response.

Study limitations

The diversity of local chemotherapy regimens and the small numbers receiving
each regimen invalidated a comparison between each regimen.

Results

Patients

Fifty-one of 53 patients were diagnosed with LCDD on renal histology
(Figure 1). Two patients were diagnosed with LCDD on liver biopsy;
however, in both cases, there was established proteinuric CKD but a
renal biopsy had not been performed. Median age at diagnosis was
56 years (range, 29-78 years), and the male/female ratio was 2.3:1.
Patient demographics and clinical characteristics at the time of diagnosis,
as well as results of hematologic investigations, are shown in Table 1.
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At diagnosis, 94%of patients were hypertensive and 90%had hematuria.
Themean24-hour urinaryprotein losswas4.1g (range, 0.1-15.5g/24hr).
Ten patients received RRT before their diagnostic biopsy, including
1 patient who was diagnosed with LCDD on a renal transplant biopsy,
performed to investigate deteriorating allograft function.

Renal histology

Characteristic granular electron-dense deposits along basement
membraneswere identifiedby electronmicroscopy in all renal biopsies,
as well as in the 2 respective liver specimens (Figure 1B). Amyloid
deposits were excluded by Congo red staining in all biopsies. Detailed
renal biopsy findings are shown in supplemental Table 1 available on
theBloodWebsite.Briefly, lightmicroscopyfindings typically showed
nodular mesangial sclerosis, tubular atrophy, and interstitial fibrosis
associated with immunospecific staining of basement membranes with
the causative light chain.

No particular histologic feature was significantly associated with
either baseline GFR or degree of proteinuria. Furthermore, neither
presence of nodular glomerulosclerosis (P 5 .639) nor interstitial
fibrosis (P5 .475) was significantly associated with renal survival.

Renal outcomes in relation to baseline investigations

Median follow-up for the whole cohort was 6.2 years (range, 1.1-14.0
years). Among 43 patients who were not receiving RRT at the time of
diagnosis, the mean rate of GFR decline (prior to RRT or death) was
3.7mL/min per year. Twenty-three patients commenced dialysis during
follow-up; median renal survival from diagnosis by Kaplan-Meier
estimate for those who were not already receiving RRT at baseline was
5.4 years (Figure 2A). Unsurprisingly, CKD stage at diagnosis had
a significant impact on renal survivalwith thosewhohadCKDstage2or
3 at diagnosis remaining dialysis independent for a median of 9.0 years
compared with only 2.7 years among those with CKD stage 4 or 5 at
diagnosis (excluding the 10 patients already receiving RRT at the time
of biopsy; P5 .004; Figure 2B). There was no significant difference in
renal survival between patients who had nephrotic range proteinuria
(.3 g/24 hr) at diagnosis and those with subnephrotic proteinuria,
although proteinuria .6 g/24 hr was associated with reduced renal
survival (P 5 .017). Renal survival was not influenced by degree of
bone marrow plasmacytosis.

Renal outcome in relation to hematologic response

Wecompared renaloutcomesamong32evaluablepatientswhoachieved
different levels of clonal response (as determined by changes in their
dFLC values) to first-line chemotherapy and/or autologous stem cell
transplant (ASCT). The first-line chemotherapy regimens that were
administered to these patients are shown in Table 2. There was
a mean improvement in GFR of 6.1 mL/min per year from a baseline
of 26 mL/min per year among 21 patients who achieved a hemato-
logic CR/VGPR at 6 months compared with a mean GFR loss of
6.5 mL/min per year from a baseline of 34 mL/min per year among

both those who achieved a hematologic PR (n 5 4) or NR (n 5 7;
Figure 3; P , .009). Only 3 of 21 patients who achieved a he-
matologic CR/VGPR with first-line chemotherapy required RRT
throughout follow-up compared with 7 of 11 patients who achieved

Figure 1. Histology in LCDD. (A) Nodular glomerulo-

sclerosis. High power view of a glomerulus exhibits

mesangial expansion by periodic acid-Schiff–positive

matrix that focally forms nodules with peripheral ex-

pansion producing lobules (periodic acid-Schiff stain,

magnification 3400). (B) Granular electron dense

deposits along the lamina rara interna of the glomerular

basement membrane are seen on electron microscopy

(magnification 311 500). (C) Absence of specific

mesangial staining with anti-l antibodies, despite the pres-

ence of high background staining (magnification 3600).

Table 1. Demographic, clinical, and hematologic characteristics
at diagnosis

Characteristic Value

Median (range) age (years) 56 (29-78)

Sex (male/female) (n) 37/16

Race (n)

White 51

Black 1

Asian 1

Hypertension (n) 50 (94%)

GFR (n)

CKD stage 1 0

CKD stage 2/3 23 (43%)

CKD stage 4/5 (including RRT) 30 (57%)

Mean eGFR (mL/min per year)* 27 (0-79)

RRT before diagnosis (n)

Dialysis 9 (17%)

Transplant 1 (2%)

Mean (range) urinary protein loss (g/24 hours) 4.1 (0.1-15.5)

Nephrotic range proteinuria (n)† 24/45 (53%)

Nephrotic syndrome (n)† 10/45 (22%)

Microscopic hematuria (n)‡ 45/50 (90%)

Extrarenal light chain deposits (n) 5 (9.4%)

Heart 2 (3.8%)

Liver 2 (3.8%)

Lung 1 (1.9%)

Nerve 0 (0%)

Hematologic investigations

Abnormal serum FLC concentration and ratio (n) 53 (100%)

LC isotype k 43/53 (81%)

L 10/53 (19%)

Median (range) pathogenic free light chain

concentration (mg/L)

k 724 (25.6-25 700)

L 147 (29.8-742)

Median (range) FLC ratio ĸ:l
k 29.2 (2.9-150.8)

L 0.17 (0.05-0.2)

Bence Jones proteinuria (n) 20 (44.4%)

Monoclonal protein in serum detected by

immunofixation (n)

23 (43.4%)

No monoclonal protein detected by immunofixation

(n)

19 (35.8%)

Bone marrow findings

$10% clonal plasma cells (n) 6 (11.3%)

,10% clonal plasma cells (n) 46 (86.8%)

Chronic lymphatic leukemia (n) 1 (2%)

*An eGFR of 0 was used for anuric patients on renal replacement therapy.

†No 24-hour urine collection performed among 8 of those receiving dialysis at

the time of renal biopsy.

‡No documentation of presence/absence of hematuria in 3 patients.
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an initial PR/NR (Figure 2C;P5 .005).Median time to hematologic
relapse among responders was 3.6 years.

Sixteen patients in the whole cohort (median age, 50 years; range,
38-72 years) received a melphalan-conditioned ASCT. Median pre-
treatment bone marrow plasmacytosis among those who underwent
ASCTwas 12% (range, 4-50%). Four patients were dialysis dependent
prior to ASCT, the aim of which was to suppress the plasma cell
dyscrasia to decrease the likelihood of disease recurrence follow-
ing subsequent renal transplantation, and 1 patient had a functioning
renal transplant at the time of ASCT. One patient with preexisting
severemyopathy, aged 72 years, died duringASCT from pneumonia
(transplant-related mortality, 6.7%). Median GFR prior to ASCT
among 11 patients not requiring RRTwas 24mL/min per year (range,
11-51 mL/min per year), which had increased among the 10 surviving
patients to 38 mL/min per year (range dialysis to .90 mL/min per
year) at the end of follow-up. Thirteen of 15 patients who survived
ASCT achieved a hematologic CR and 2 achieved PR. After a median
follow-up fromASCTof 4.4 years (range, 0.04-12.2 years), only 2 of
14 patients required further chemotherapy for hematologic relapse,
administered 5.2 and 5.5 years later. Only 3 of 11 patients who were
not on RRT prior to ASCT, all of whom had CKD stage 4 at the time
ofASCT, eventually required dialysis 2.4, 2.6, and 2.8 years after the
procedure; it is notable that all 3 patients had persistent nephrotic-

range proteinuria following ASCT, whereas proteinuria fell follow-
ing ASCT in all patients who remained dialysis independent. Renal
survival after ASCT (censored at death) by Kaplan-Meier analysis for
the cohort of 11 dialysis-independent patients is shown in Figure 2D;
at censor, median renal survival had not been reached.

Outcomes with RRT

Dialysis. Thirty-three (62%) patients from the whole cohort required
dialysis during their disease course (including 10 from before the
diagnosis of LCDD). Eight patients received peritoneal dialysis and 25
received hemodialysis. Median patient survival from commencement
of dialysis, censored at transplantation, was 5.2 years (Figure 2E), and
therewasnodifference in survival between thosecommencingdifferent
dialysis modalities (P5 .336).

Renal transplantation. Seven patients from the whole cohort un-
derwent renal transplantation, and in 3 of these cases, the transplant failed.
Cause of renal allograft failure was biopsy-proven LCDD recurrence in 2
patients and rejection secondary to noncompliance with immunosuppres-
sion in the remaining patient. Neither patient whose LCDD recurred had
receivedchemotherapyprior to renal allograft failure,whichoccurredafter
1.6 and 1.9 years. The 4 remaining patients had GFRs of 45, 44, 50, and
50 mL/min per year at censor 9.7, 6.2, 5.1, and 0.8 years after renal
transplantation, respectively, without clinical, biochemical, or histologic
evidence of LCDD in their allografts. One of these patients underwent
a high-dose melphalan ASCT shortly after renal transplantation without
loss of GFR during the procedure, and the other 3 patients received an
ASCT prior to renal transplantation. The latter 3 patients remained in com-
plete hematologic remission at censor 9.6, 8.6, and 6.8 years after ASCT.

Extrarenal outcomes

There was improvement in cardiac (2 patients) and hepatic (2 patients)
function among those with extrarenal LCDD who achieved a

Figure 2. Renal and patient survival in LCDD. (A) Median renal survival from diagnosis of LCDD was 5.4 years. (B) Renal survival was significantly longer among those who

were diagnosed, whereas eGFR was $30 mL/min per year compared with those diagnosed once GFR was ,30 mL/min per year (P 5 .004). (C) Renal survival was

significantly longer among patients who achieved a hematologic CR/VGPR with first-line chemotherapy compared with those who achieved a hematologic PR/NR (P 5 .005).

(D) Renal survival from ASCT among 11 patients with median GFR of 24 mL/min per year at start of the procedure. (E) Patient survival from commencement of dialysis,

censored at the time of transplantation. (F) Patient survival from diagnosis of LCDD; median estimated survival was 14.0 years.

Table 2. First-line chemotherapy regimens and hematologic
response

n CR VGPR PR NR

Thalidomide based 11 3 2 1 5

Bortezomib based 9 8 0 1 0

Alkylator based 6 3 1 1 1

Melphalan autologous stem cell transplant 4 4 0 0 0

Lenalidomide based 1 0 0 1 0

Steroids alone 1 0 0 0 1
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hematologic response.NT-proBNPvalues fell from909 to 6 pmol/L and
from1714 to 296pmol/L in associationwith an improvement in diastolic
function on echocardiography in both patients with cardiac LCDD.
Alkaline phosphatase levels fell from 276 to 71 UI/L (normal range,
38-126 IU/L) and from 522 to 159 IU/L in both patients with hepatic
LCDD.Onepatientwith pulmonaryLCDDwhoachieved a hematologic
CR has had stable spirometry but has failed to improve clinically and, at
the time of censor, was awaiting lung volume reduction surgery with the
aim of improving lung mechanics and gas exchange.

Patient survival

Median estimated patient survival from diagnosis by Kaplan-Meier
analysis for the whole cohort was 14.0 years (Figure 2F). Nineteen
patients diedduring follow-up, andcausesof deathwere infection (n56),
ischemic heart disease (n 5 4), ESRD (n 5 3), congestive cardiac
failure (n 5 2), cerebrovascular accident (n 5 1), gastrointestinal
hemorrhage (n5 1), and multiple myeloma (n 5 2).

Discussion

The prolonged follow-up of this large cohort of patients highlights
systematically for the first time in LCDD the relationship between the
response to chemotherapy of the underlying hematologic disease and
renal outcome. The rate of native GFR loss among those who did not
achieveeither aCRorVGPRhematologic responsewith chemotherapy
was 6.5 mL/min per year, which is higher than that reported for
CKD generally, where the average decline in GFR is between 0.5
and 2.5 mL/min per year.22,23 This is not surprising because these
patients were continuing to deposit light chains in their kidneys. In
contrast, those who did achieve a hematologic CR or VGPR with
chemotherapy had a mean improvement in GFR of 6.1 mL/min per
year throughout the time that their clonal response was sustained and
only 3 of 21 such cases required dialysis during follow-up, despite
a median GFR at the start of chemotherapy of only 26 mL/min per
year. These data clearly indicate that one should strive to achieve
a hematologic CR when treating patients with LCDD, even in the
context of preexisting stage 4CKD. In addition, the data demonstrate
that ASCT can be successful, even when undertaken at a low GFR

(median, 24 mL/min per year; range, 11-51 mL/min per year in
this cohort), with little apparent risk of precipitating an acute renal
decline. Despite these findings, it is notable that patients treated with
chemotherapy while their GFR was .30 mL/min per year had a
substantially better renal survival (median, ;9 years) than patients
who started chemotherapy having already reached CKD stage 4.

Our findings highlight important differences between LCDD and
the more commonly diagnosed prototypic disease of monoclonal light
chain deposition, renal AL (light chain) amyloidosis. Although renal
AL amyloid deposition can be slowed or halted by chemotherapy,
which successfully suppresses light chain production with accom-
panying prolongation of renal survival, overall prognosis in AL
amyloidosis is markedly poorer than in LCDD, and renal prognosis
among those diagnosed once stage 4 or 5 CKD has supervened is
better among patients with LCDD than renal AL amyloidosis.24

Indeed, it is unusual to see substantial improvements in GFR among
patients with renal AL amyloidosis once CKD stage 4 has supervened,
even in the context of a complete hematologic response. Additionally,
ASCT in AL amyloidosis is associated with a significant risk of
transplant-related mortality and may precipitate an acute irreversible
decline in GFR25; these risks appear to be lower in LCDD.

In the absence of a hematologic response, renal transplants failed
rapidly from recurrence of LCDD, as previously reported.12 However,
among those patients who achieved a hematologic CR or VGPR
before or shortly after renal transplantation, there was no evidence of
recurrent LCDD, even after prolonged follow-up. Both bortezomib-
based regimens and melphalan-conditioned ASCT were associated
with high rates of CR/VGPR in this cohort, and further prospective
studies are required to determine the optimal chemotherapy protocol in
patientswithLCDD.Such studieswill be difficult to conduct, however,
due to the rarity of the disease, the variability of disease burden and
responsiveness to chemotherapy of the underlying clonal diseases, and
the complexities surrounding dose reduction of intravenous melphalan
in the context of impaired renal function.26

Extrarenal light chain deposits were only identified in 4 patients
(7.5%) from this cohort, with 1 patient having both cardiac and liver
involvement. It is noteworthy that there did not appear to be an
associationbetween light chain concentration in the serumandpresence
of extrarenal disease. In all such cases, the extrarenal disease course
mirrored that in the kidneys following chemotherapy, such that
improvements in both cardiac and hepatic function were observed in
association with hematologic CRs.

In conclusion, patient survival and tolerance of high-dose chemo-
therapy appears to be substantially better in LCDD than in systemicAL
amyloidosis.LCDDshouldbeaggressively treatedwith chemotherapy,
because achieving a hematologic CRorVGPRprolongs renal survival,
even if advanced renal impairment has supervened,while alsopreventing
renal allograft failure from recurrent LCDD among those who receive
renal transplants.
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