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Abstract

Crystalline light chain cast nephropathy is a rare distinct morphologic variant of light chain cast nephropathy which is the
most common renal lesion associated with multiple myeloma. It is often related to high myeloma tumor burden, severe acute
kidney injury, and an unfavorable prognosis. A 79-year-old Japanese man was referred to our medical center with anemia,
proteinuria, and acute exacerbation of the serum creatinine accompanying anuria. A renal biopsy showed crystalline cast
filling the tubular lumens, injured tubular cells, and inflammatory cells infiltration of interstitium. Serum and urine immu-
nofixation detected a monoclonal protein (IgA-A and Bence-Jones Protein—A, respectively), and bone marrow examination
observed 64% of plasma cells. IgA-A type multiple myeloma-associated crystalline light chain cast nephropathy and accom-
panying acute kidney injury were confirmed. Hydration and emergency hemodialysis were immediately introduced, and the
treatment with bortezomib and dexamethasone was initiated. The patient showed successful recovery in renal manifestations.
We suggest that early use with bortezomib-based therapy should be considered for patients with acute kidney injury caused
by multiple myeloma-associated crystalline light chain cast nephropathy.
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Introduction

Crystalline light chain cast nephropathy (Crystalline LCCN)
is a rare morphologic variant of light chain cast nephropathy
(LCCN) which is the most common renal lesion associated
with multiple myeloma (MM) [1, 2]. It occurs by free light
chains forming casts in urine tubules due to its structural
characteristics and causes acute kidney injury (AKI) by
obstructing tubular lumens and inducing the inflammatory
reaction around them which leads to tubular atrophy and
interstitial inflammation [1-5]. Clinically, crystalline LCCN
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is often associated with advanced MM with severe AKI and
higher early mortality [3]. Here, we report a rare case of a
79-year-old Japanese man with IgA-A type MM-associated
crystalline LCCN and succeeding AKI, who finally showed
renal recovery and dialysis independence with the early use
of bortezomib and dexamethasone. In addition, we reviewed
the literature of such cases. Given the renal outcomes in
those cases, early intervention with bortezomib-based ther-
apy should be considered for successful renal recovery from
crystalline LCCN-related AKI.

Case report

A 79-year-old Japanese man was referred to our medical
center with anemia, proteinuria, and acute exacerbation of
the serum creatinine. He had a baseline creatinine level of
0.75 mg/dL. He complained of vomiting, fatigue, and anuria
lasting 4 days. There was no complaint of chilling, head-
ache, shortness of breath, or abdominal pain. The patient


http://orcid.org/0000-0002-6707-427X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13730-022-00721-2&domain=pdf

CEN Case Reports (2023) 12:56-62

57

was taking eplerenone for his hypertension; he had no his-
tory of any drug abuse or known allergies. He had smoked
for 40 years and has been daily consuming alcohol. Physical
examination revealed that his respiratory rate, heart rate,
blood pressure, O2 saturation at room air, and body tem-
perature were 18 breaths per minute, 65 beats per minute,
130/76 mm Hg, 97%, and 36.5 °C, respectively. There were
no notable examination findings, including tenderness of
abdomen or bones, hepatosplenomegaly, lymphadenopa-
thy, pretibial edema, or paresthesia. Laboratory findings
(Table 1) showed anemia (hemoglobin 8.8 X 10* g/dL) and
a normal white blood cell level (4880 x 10° /L). The total
protein was 8.4 g/dL, while the albumin level was 3.3 g/dL.
A severe renal function loss (blood urea nitrogen: 45.0 mg/
dL; serum creatinine: 7.92 mg/dL; estimated glomerular
filtration rate: 6 ml/min/1.73 m2) was noted. Serum cor-
rected calcium level was high (10.3 mg/dL). Additionally,
the immunoglobulin levels show significant elevation of IgA
(3218 mg/dL) with suppressions of IgG and IgM (283 mg/
dL and 16 mg/dL, respectively). Serum-free light chain
A was markedly elevated (9480 mg/L), while k was low
(13.0 mg/L). Serum P2 microglobulin was high (21.0 mg/L).
Urinalysis showed severe proteinuria (urine protein creati-
nine ratiol7.04 g/g Cr) with a few granular casts. Hyaline
casts were undetected. Serum and urine immunofixation
detected a monoclonal protein (IgA-A and Bence-Jones
Protein—A, respectively). Bone marrow examination
observed 64% of plasma cells without amyloid deposition;
chromosomal abnormalities in plasma cells were unclear.
Viral screenings for hepatitis B showed he had an inactive
HBYV. Radiography showed punched-out lesions on the skull
and the right humerus. Plain computed tomography of the
abdomen showed no abnormality of kidneys. Renal biopsy
showed 24 glomeruli with mild mesangial proliferation.
There was rod-shaped and rhomboid crystalline cast filling
the tubular lumens, injured tubular cells, and inflammatory
cells infiltration of interstitium (Fig. 1a, b). The glomeruli
did not show significant pathological changes. Congo red
staining was not suggestive of amyloidosis. Immunofluo-
rescence microscopy showed A chain staining of the crys-
tals within tubules and of tubule basement membranes on
formalin-fixed tissue (Fig. 2). Electron microscopy detected
rod-shaped and rhomboid intraluminal crystalline inclusions
(Fig. 3), while there were no electron-dense deposits nor
granular deposits on basement membranes.

The diagnosis of IgA-A type MM-associated crystalline
LCCN and accompanying AKI was made. Figure 4 shows
the clinical course of this patient. Given his rapid exacerba-
tion of renal function, hydration, and emergency hemodialy-
sis had been initiated on Day 3. Hemodialysis was provided
with the non-high-cutoff (non-HCO) dialyzer for three hours
and continued twice weekly after the acute phase. With the
use of hemodialysis, urine protein creatinine ratio improved

Table 1 Laboratory data

Hemogram and infection

White blood cell 4880/pL (3040-8540)
Red blood cell 276 x 10%/ pL (378-499 % 10%
Hemoglobin 8.8 g/dL (10.8-14.9)
Hematocrit 27.2% (35.6-45.4)

Platelet 12.3 x 10*uL (15.0-36.1 x 10%)
Hepatitis B virus surface antigen (-)
Hepatitis B virus surface antibody (+)
Hepatitis B virus core antibody (+)
Hepatitis B virus—DNA (-)

Hepatitis C virus antibody (-)
Immunological examinations

C-reactive protein 1.97 mg/dL (<0.3)

1gG 283 mg/dL (870-1700)

IgA 3218 mg/dL (90-400)

1gM 16 mg/dL (35-220)

Serum-free light chain x 13.0 mg/L (3-20)
Serum-free light chain A 9480 mg/L (5-25)
Serum-free light chain ratio <0.01
Complement 3 69 mg/dL (65-135)
Complement 4 29 mg/dL (13-35)

CHS50 41.6 U/mL (28-53)

Antinuclear antibody (-)

Myeloperoxidase anti-neutrophil cytoplasmic antibody (-)
Proteinase 3 anti-neutrophil cytoplasmic antibody (-)
Clq immune complex (-)

Cryoglobulin (-)

Blood chemistry

Total protein 8.4 g/dL (6.6-8.0)

Albumin 3.3 g/dL (4.1-5.0)

BUN 45.0 mg/dL (8-20)

sCr 7.92 mg/dL (0.5-0.8)

¢GFR 6 mg/min/1.73m?

Uric acid 10.2 mg/dL (2.9-5.2)

Na 133 mEq/L (138-146)

K 4.4 mEqg/L (3.6-4.9)

C1 98 mEq/L (99-109)

Ca 9.6 mg/dL (8.7-10.0)

P 4.5 mg/dL (2.5-4.6)

AST 22 IU/L (13-33)

ALT 14 IU/L (6-27)

LDH 168 IU/L (119-229)

ALP 64 IU/L (115-379)

Total bilirubin 0.4 mg/dL (0.3-1.2)

2 microglobulin 21.0 mg/L (1-2)
Urinalysis

Urine protein creatinine ratio 17.04

RBC 1-4/HPF

WBC 10-19/HPF
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Table 1 (continued)

Hemogram and infection

Granular casts 1-9/LPF
Hyaline casts < 1/LPF
Serum immunofixation
IgA-A

Urine immunofixation
Bence-Jones Protein —A
Bone marrow examination
Plasma cells 64%
Amyloid deposition (-)

IgG immunoglobulin G, IgA immunoglobulin A, /gM immuno-
globulin M, BUN blood urea nitrogen, sCr serum creatinine, eGFR
estimated Glomerular Filtration Rate, Na sodium, K potassium, CI
chloride, Ca calcium, P phosphate, AST aspartate transaminase, ALT
alanine transaminase, LDH lactate hydrogenase, ALP alkaline phos-
phatase

Fig. 1 Light microscopy of the kidney showed crystalline cast filling
the tubular lumens (arrow), injured tubular cells, and inflammatory
cells infiltration of interstitium. (a Hematoxylin—eosin, X 400. b Mas-
son trichrome, X 200.)

@ Springer

Fig.2 Immunofluorescence staining of the kidney showed A chain
staining of the crystals within tubules (arrow). (Anti-lambda immu-
nofluorescence, x 200)

Fig.3 Electron microscopy showed intraluminal crystalline inclu-
sions (arrow). (X 2000)

from 17.04 to 7.28 g/g Cr in a short time before the ini-
tiation of anti-myeloma therapy. Weekly administration
of anti-myeloma therapy, 1.3 mg/m? of bortezomib, and
20 mg of dexamethasone was started on Day 9. During the
anti-myeloma treatment, the patient did not show signifi-
cant side effects, including bortezomib-induced neuropathy
or lung injury, and the treatment was continued without
dose reduction. His serum creatinine and proteinuria con-
tinuously recovered; urine output was retrieved on Day 18;
dialysis was stopped on Day 31. The duration of dialysis
was 29 days. The serum-free light chain ratio moderately
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Fig.4 Clinical course of the sCr (mg/dL)

patient. sCr serum creatinine, 16 12.03 12.89

UPCR urine protein creatinine 12 10.59 187 007
ratio, sFLC serum-free light s : . 570 471
: . 7.92 ' .
chain, BD bortezomib plus 4 3.63

dexamethasone, HD hemodi-
alysis

0

UPCR (g/g Cr)
41704

12 7.28

6 3.13 2.19
0
sFLC K (mg/dL) / A (mg/dL)
13.0 /9480 9.8/1490
mo Yy v y Yyyvy vYyvVvYy VYV VY
BD therapy l l l l
Day 1 3 9 16 23 30 31 36

improved, and he achieved a partial response according to
the International Myeloma Working Group criteria after four
weeks of the above therapy [6]. The patient keeps on the
therapy and remains independent from dialysis; serum cre-
atinine which was 3.63 mg/dL on Day 36 settled at around
1.30 mg/dL 4 months after the beginning of bortezomib-
based therapy.

Discussion

Here, we have reported the first detailed description of
an early treatment course of MM-associated crystalline
LCCN and accompanying AKI. Crystalline LCCN is a rare
morphologic variant of LCCN, the most common MM-
associated renal lesion, and is caused by light chain crys-
tallization which is mainly associated with A restriction in
monoclonal gammopathy. Crystalline nephropathy can be
classified intracellularly (as light chain proximal tubulopathy
and as crystal-storing histiocytosis), or extracellularly (as
crystalline LCCN and as crystalglobulin-induced nephropa-
thy) [1, 2, 5, 7, 8]. Extracellular crystallization normally
induces AKI and is more fatal [7]. Lin ZS et al. reported
that crystalline LCCN is associated with high myeloma
tumor burden, AKI with a median eGFR of 5.59 (range,
2.27-26.04) mL/min/1.73 m?, and has higher early mortal-
ity (death <6 months from diagnosis) than ordinary LCCN
patients (50.0 vs 11.1%) [3]. Crystalline LCCN differs from
non-crystalline LCCN in a way of cast formation; crystalline
cast is considered to form based on structural characteristics
of the pathogenic free light chains through hydrophobic and
hydrogen bonds, in addition to the tubular luminal environ-
ment such as injured tubular cells, ionic and in tubule and
tubular fluid flow rates; non-crystalline cast normally derives
from the interaction between light chains and Tamm-Hors-
fall glycoprotein [1, 3, 4]. Light chain casts in crystalline

LCCN fill the tubular lumens, obstruct them, and induce
the inflammatory reaction around them, leading to tubular
atrophy and interstitial inflammation [1, 5]. Based on the
above-mentioned pathogeneses, AKI in crystalline LCCN
is thought to be attributed to “post-glomerular” failure by
crystalline cast obstruction of tubules and to renal failure
caused by tubular atrophy and interstitial inflammation.
Our observation is that crystalline LCCN-related AKI
successfully resolved shortly after hemodialysis and anti-
myeloma therapy in our case. To the best of our knowledge,
there have only been six reported cases, including ours, of
having achieved dialysis independence with the use of anti-
myeloma therapy in AKI patients with MM-associated crys-
talline LCCN [3, 4, 7, 9]. These reports are summarized in
(Table 2), five of which were treated with bortezomib-based
regimens. This could mean that a bortezomib-based regi-
men played a significant role in renal recovery and dialy-
sis independence. Bortezomib-based therapy is thought to
be currently the best therapy against plasma cell clones to
achieve hematologic response, such as a reduction of the
involved free light chain which can further improve the
kidney response [5]. In addition, bortezomib is a reversible
inhibitor of the 26 S proteasome and prevents the proteaso-
mal cleavage of nuclear factor-kappa B (NF-xB) proteins
which activate inflammatory pathway leading to free light
chains’ toxicity of renal tubules [10, 11]. Clinically, bort-
ezomib is known to be a well-tolerated and effective agent
in MM patients with severe renal dysfunction and its potency
does not appear to be affected by dialysis [12, 13]. In our
case, we selected bortezomib as an anti-myeloma therapy
based on the above pharmacological and clinical aspects;
we avoided immunomodulatory imide drugs, cyclophospha-
mide, and a monoclonal antibody against CD38 in consid-
eration of renal manifestations and a risk of adverse effects,
including immunosuppression. We assessed our bortezomib-
based therapy helped resolve renal AKI in its early stage
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Table 2 Case summary of MM-associated crystalline LCCN in which dialysis independence was achieved

Case Age, sCr UPCR Light  Anti-myeloma The time The duration Hematological
Gender (mg/dl) chain  therapy from symptom  of dialysis outcome
isotype onset
to anti-myeloma
therapy initiation
Haider M 57, 7.39 1.2 A BD 2 weeks 4 weeks being evaluated
[9] Male for ASCT
Lin ZS 59.5[41,73], N/A N/A N/A VAD N/A N/A CR at 3 months;
[3] N/A clinical relapse
and death
Lin ZS 59.5[41,73], N/A N/A N/A bortezomib- N/A N/A PR at 13 months
[3] N/A based
Matsumura M 73, 5.59 9.1 A bortezomib, N/A 2 weeks Died at 6 months
[4] Female dexamethasone,
lenalidomide,
and pomalidomide
Chou A [7] 74, Female 8.62 0.55 g (pro- « CyBorD 3 weeks 2 months with 5 PR
teinuria per sessions of plas-
day) mapheresis
Our case 79, 7.92 17.04 A BD 5 days 3 weeks PR at 1 month
Male

N/A not available, sCr serum creatinine, UPCR urine protein creatinine ratio, VAD vinorelbine, pirarubicin, and dexamethasone, CyBorD cyclo-
phosphamide, bortezomib, and dexamethasone, BD bortezomib and dexamethasone, ASCT autologous stem cell transplant, CR complete remis-

sion ,PR, partial remission

by reducing the free light chain burden and providing an
anti-inflammatory effect. While dose reduction or cessa-
tion may had been required when adverse effects, including
severe peripheral neuropathy or lung injury, are recognized
[12—15], the patient did not show any notable adverse events.

In the literature in Table 2, serum creatinine ranges from
5.59 to 8.62 mg/dl, and the time from symptom onset to anti-
myeloma therapy initiation is identified in three cases rang-
ing from 5 days to no more than 3 weeks. On the other hand,
Toly-Ndour C et al. and Chung-Kuan Wu et al. reported the
cases in which crystalline LCCN patients who had AKI with
more than 12 mg/dl of initial serum creatinine did not regain
renal function and did not leave dialysis despite the use of
bortezomib-based treatment [16, 17]. It implies that a high
value of initial serum creatinine and a substantial therapeutic
delay can be deadly to renal outcomes regardless of anti-
myeloma intervention.

Clinically, it should be noted that, in LCCN with or with-
out crystallization, the presence of numerous casts and dif-
fuse tubular atrophy are considered independent predictors
of renal outcomes in patients with a hematological response
(partial response or above) [18]. Considering the necessity
of eliminating those precipitating factors, the use of anti-
myeloma therapy, including bortezomib, should be consid-
ered as soon as the underlying AKI etiology is detected in
patients with MM-associated crystalline LCCN.

In addition, hydration and emergency hemodialysis might
have provided a largely supportive role in our case. We did
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not use high-cutoff (HCO) dialysis, although some studies
suggest that the combination of bortezomib-based chemo-
therapy with free light chain removal using HCO dialysis
may increase renal recovery rate or dialysis independence
rate in patients with MM-associated LCCN [19-21]. In our
case, even before the initiation of anti-myeloma therapy,
proteinuria significantly improved. Given that early time
course and the final achievement of renal recovery, includ-
ing dialysis independence, “post-glomerular” AKI might
have been resolved by crystalline casts being spontaneously
washed out during a series of non-HCO hemodialysis. This
was supposedly because we made an early diagnosis and
the initial amount of crystalline cast filling the tubules was
rather small.

This case report has several limitations. First, the fol-
low-up duration of our case is only 4 months; the long-term
renal outcomes after renal recovery from crystalline LCCN-
related AKI are unclear, and an overall prognosis is uncer-
tain because a progression or a relapse of MM can occur
with or without renal manifestations. Long-term follow-up
studies are expected in the future. Second, the efficacy of
daratumumab, a monoclonal antibody against CD38, for
crystalline LCCN remains unknown. Daratumumab has
shown high efficacy for patients with MM and AL amyloi-
dosis [22, 23] and would be an additional option to reduce
plasma cell clones and provide better outcomes in patients
with crystalline LCCN. On the other hand, the serious
adverse events with the use of daratumumab are cytopenia
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and infections, such as pneumonia [22, 23]. In our case,
daratumumab was on hold to introduce anti-myeloma treat-
ment more securely to the elderly frail patient.

Conclusion

We report an adult case of IgA-A type MM-associated crys-
talline LCCN and accompanying AKI. Emergency hemo-
dialysis was immediately introduced, and the treatment
with bortezomib and dexamethasone was initiated. The
patient showed successful recovery in renal manifestations
and became independent from dialysis. Crystalline LCCN
is often associated with advanced MM with severe AKI
and higher early mortality. In addition, it is known that the
presence of numerous casts and diffuse tubular atrophy is
independent predictor of renal outcomes. We suggest that
early anti-myeloma intervention should be considered for
AKI patients with MM-associated crystalline LCCN. Bort-
ezomib is a well-tolerated, efficient agent in MM patients
with severe renal dysfunction, and bortezomib-based therapy
should be a good option as an anti-myeloma treatment in
such cases.
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