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Summary
Background and objectives Multiple myeloma is responsible for a wide variety of renal pathologies. Urinary
protein and monoclonal spike cannot be used to diagnose cast nephropathy (CN). Because albuminuria is a
hallmark of glomerular disease, this study evaluated the percentage of urinary albumin excretion (%UAE) as a
tool to differentiate CN from Ig light chain amyloidosis (AL), light chain deposition disease (LCDD), and acute
tubular necrosis (ATN).
Design, setting, participants, & measurements Patients were selected from the Renal Biopsy Database and the
Dysproteinemia Database. Participants were excluded if laboratory data were missing within 1 week of the renal
biopsy. The %UAE was obtained from urine protein electrophoresis.
Results From 1992 to 2011, 260 patients were biopsied (177 with AL, 28 with LCDD, 43 with CN, and 12 with
ATN). The %UAE for CN patients was signiﬁcantly lower (7%) than for ATN (25%), LCDD (55%), and AL (70%)
patients (P,0.001). Signiﬁcant differences were also found in serum creatinine, serum albumin, free light chain
ratio, total urine protein, and urine monoclonal spike; only the %UAE remained independently associated with
CN in a logistic regression model (P,0.001). The area under the curve for the receiver operator characteristic
curve for %UAE was 0.99. At ,25%, the %UAE had a sensitivity of 0.98, speciﬁcity of 0.94, positive predictive
value of 0.75, and negative predictive value of 0.99.
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Conclusions This study showed that %UAE was signiﬁcantly less in CN than the other three renal lesions and
%UAE may thus be helpful in diagnosis of CN.
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Introduction
Renal disease is one of the most common sequelae of
monoclonal gammopathy (MG) (1,2). It is inﬂuenced
by both the hematologic disorder and the monoclonal
protein. The incidence of renal impairment in patients
with multiple myeloma varies from 18% to 47% and
increases with the stage of the myeloma (3–5). Patients with a serum creatinine .2 mg/dl are twice
as likely to have stage III Durie-Salmon disease as
those with normal serum creatinine (87% versus
44%, respectively) (4). The presence of myeloma
also affects the distribution of kidney diseases. In an
autopsy series of patients with multiple myeloma,
32% were found to have myeloma cast nephropathy
(CN), 11% had Ig light chain amyloidosis (AL), and
5% had light chain deposition disease (LCDD) (5). In
contrast, patients with MG who did not meet criteria
for myeloma were most likely to have LCDD followed by AL and then CN (2). It is important to recognize that the nephrotoxicity of the monoclonal
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protein also plays a major role. In animal studies,
the type of kidney disease is dictated by the monoclonal protein and not the tumor (6). This is also supported by in vitro data that showed that different light
chains (AL versus LCDD) activate different cellular
pathways via the same receptor on mesangial cells (7).
Despite the common pathogenic factor, presentation differs depending on the kidney disease. Patients
with CN usually present with ARF with varying
degrees of proteinuria (8). In contrast, patients with
AL are more likely to present with heavy proteinuria
but intact renal function (9). The presentation of
LCDD is a blend of the two (10). Differences also exist
when it comes to treatment response. CN can quickly
reverse with treatments that rapidly reduce serum
free light chain levels but the renal response in AL
can take 12–18 months (10–13). The renal response
characteristics of LCDD resemble AL more than that
of CN (14,15). These differences are important to keep
in mind when designing clinical trials in which renal
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outcomes are the endpoints. This may explain why different trials in ARF in myeloma patients produced different
results (14–18).
The development of ARF signiﬁcantly affects both morbidity and mortality in patients with myeloma. Patients
with ARF are more likely to experience early mortality and
worse overall survival (4,19). On the other hand, patients
who recover their renal function have the same prognosis
as those who never developed ARF (4,19). Therefore, it is
important to diagnose the kidney disease correctly so that
the proper treatment can be initiated. Rapid reduction of
serum free light chains by high cutoff dialyzer or plasmapheresis in combination with bortezomib has produced
high rates of renal recovery in patients with CN (11,
20,21). Unfortunately, only a kidney biopsy can distinguish
CN from other renal lesions. Urinary tests such as proteinuria and urinary monoclonal spike (M-spike) have not been
able to reliably distinguish CN from the different renal
lesions (22). However, because the injury pattern of AL
and LCDD is usually glomerulopathic, whereas the injury
in CN is tubulopathic, we hypothesize that the percentage
of urinary albumin excretion (%UAE) may be different.
This study examines the ability to differentiate CN from
AL, LCDD, and acute tubular necrosis (ATN) using %UAE.

continuous variables across all groups. Variables with a P
value ,0.05 were considered signiﬁcant. Using the receiver operator curve (ROC), best cutoffs were identiﬁed
as the values with the highest sensitivity (1 2 speciﬁcity)
score that distinguishes CN from the other renal lesions.
Sensitivity, speciﬁcity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated using biopsy results as the gold standard for each parameter identiﬁed as being univariately signiﬁcant. A logistic regression
model was used to determine independent association
with CN.

Materials and Methods
This study was approved by the Institutional Review
Board at the Mayo Foundation in accordance with the
Declaration of Helsinki and the Health Insurance Portability and Accountability Act guidelines. We performed a
retrospective study comparing the %UAE of patients with
CN versus patients with AL, LCDD, and ATN. The ability
to distinguish CN from the other renal diseases was also
compared against other renal tests.
Patients
Patients were selected from the Mayo Clinic Renal
Biopsy Database. The database was queried for diagnoses
of AL, CN, LCDD, and ATN in the presence of multiple
myeloma. The biopsy of each patient was reviewed to
conﬁrm the renal disease. These patients were then crossreferenced with the Dysproteinemia Database to extract
clinical data including serum protein electrophoresis, serum free light chains, serum albumin, serum creatinine,
total urinary protein, urine M-spike, and urine protein
electrophoresis. Patients were excluded if they did not have
laboratory data obtained within 1 week of the renal biopsy.
The %UAE was calculated from the urine protein electrophoretic pattern. The free light chain ratio was calculated
by dividing the pathologic light chain by the nonpathologic
light chain so that the ratio will always be .1. Urine Mspikes that were under the measurable limit (,0.01 g/24 h)
were given a value of 0.
Statistical Analyses
Statistical calculations were performed using the JMP
software package (version 9.0.1.; SAS Institute Inc., Cary,
NC). Pearson’s chi-squared tests were performed on categorical data. Two-sample t tests and Wilcoxon rank-sum
tests were used to compare continuous variables between
the two weighted groups. ANOVA was used to compare
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Results
Between 1992 and 2011, a total of 279 patients met the
study criteria. There were 196 patients with AL, 28 with
LCDD, 43 with CN, and 12 with ATN. Nineteen AL
patients were excluded for having incomplete laboratory
data, leaving 177 patients for analysis. The causes of ATN
included the following: zoledronic acid (n=1), nonsteroidal
anti-inﬂammatory drugs (n=4), cyclosporin (n=2), hypercalcemia (n=2), intravenous contrast (n=1), and unknown
(n=2). There were no signiﬁcant differences in age and sex
among the four groups (Table 1).
Patients with CN had higher serum creatinine (4.9 mg/dl;
range, 1.4–12.5) than patients with AL (1.2 mg/dl; range,
0.6–7.6; P,0.001), and LCDD (2.8 mg/dl; range, 1.3–10.2;
P=0.004), but this level was similar to those with ATN (3.5
mg/dl; range, 1.7–8.0; P=0.07). CN patients had signiﬁcantly less proteinuria than AL patients (2.0 g/d versus
5.8 g/d, respectively; P,0.001) but were similar to those
with LCDD (2.5 g/d; P=0.15) and ATN (1.2 g/d; P=0.22).
Serum albumin was highest in ATN patients (3.9 g/dl;
range, 2.6–4.6) and lowest in AL patients (2.2 g/dl; range,
0.8–4.5). Serum albumin was signiﬁcantly different for CN
patients (3.1 g/dl; range, 2.1–4.9) compared with AL
(P,0.001) and ATN patients (P=0.04), but not LCDD patients (P=0.41). The free light chain ratios were highest in
the CN patients (430; range, 3.3–8026) and ATN patients
(454; range, 4.1–15,333), which were similar (P=0.98). Free
light chain ratios were signiﬁcantly lower in the AL patients
(9; range, 1.1–415; P,0.001) and LCDD patients (53; range,
1.1–7178; P=0.01) compared with CN patients. Urine albumin excretion was signiﬁcantly different among all four
groups (P,0.001) (Figure 1). The %UAE was highest
among patients with AL (70%; range, 5%–85%), followed
by LCDD (55%; range, 7%–78%). ATN patients had 25%
(range, 8%–62%) and CN patients had 7% (range, 2%–
26%), which was the lowest urinary albumin percentage.
Univariate analysis revealed that serum albumin
(P,0.001), serum creatinine (P,0.001), total urine protein
(P,0.001), urine M-spike (P,0.001), and %UAE (P,0.001)
were all associated with the diagnosis of CN. Using the
logistic regression model, a multivariate analysis was performed and only %UAE remained independently associated with CN (P,0.001; odds ratio, 0.83 [0.89–1.20]). No
other tests showed independent association with CN (serum albumin (P=0.18), serum creatinine (P=0.27), total
urine protein (P=0.55), and urine M-spike (P=0.55). A
ROC curve was performed for each of the parameters.
The best ROC was that of %UAE, which had an area under
the curve of 0.98 with the best cutoff at 25% (Table 2).

1966

Clinical Journal of the American Society of Nephrology

Table 1. Patient characteristics

n
Age (yr)
Male sex (%)
FLC ratio
serum creatinine (mg/dl)
Serum albumin (g/dl)
Urine protein (g/d)
Urine M-spike (g/d)
%UAE
k (%)

ATN

AL

LCDD

CN

P Value

12
64 (51–83)
41.7
454 (4.1–15333)
3.5 (1.7–8.0)
3.9 (2.6–4.6)
1.2 (0.1–12.2)
0.26 (0.02–1.2)
25 (8–62)
70.0

77
61 (36–82)
64.9
9 (1.1–415)
1.4 (0.6–7.1)
2.2 (0.8–3.5)
5.8 (0.7–70.3)
0.34 (0.02–2.5)
70 (5–81)
19.5

28
56 (38–83)
67.9
53 (1.1–7178)
2.8 (1.3–10.2)
3.3 (2.2–4)
2.5 (0.1–10.1)
0.76 (0.0–2.7)
55 (7–78)
80.0

43
62 (29–81)
65.1
430 (3.3–8026)
4.9 (1.4–12.5)
3.1 (2.1–4.9)
2.0 (0.1–19.7)
1.0 (0.05–17.9)
7 (2–26)
57.1

0.18
0.44
,0.001
,0.001
,0.001
,0.001
0.01
,0.001
,0.001

Differences were calculated using ANOVA. ATN, acute tubular necrosis; AL, Ig light chain amyloidosis; LCDD, light chain deposition
disease; CN, cast nephropathy; FLC, serum free light chain; M-spike, monoclonal spike; %UAE, percentage of urine albumin excretion.

Figure 1. | Distribution curves of percentage of urinary albumin
excretion (%UAE) obtained from 24-hour urine collections. The
differences in %UAE were significant among all renal lesions
(P,0.001) and between each possible combination (P,0.01). The
only bimodal pattern is AL, in which one patient had 5% urinary albumin. Renal diagnosis was based on results of the renal biopsy. AL, Ig
light chain amyloidosis; ATN, acute tubular necrosis; LCDD, light
chain deposition disease; CN, cast nephropathy.

Discussion
ARF imposes a signiﬁcant effect on the morbidity and
mortality of patients with multiple myeloma (4). Fortunately, recovery of renal function reverses the negative
effects on survival (4,19). Because of the variety of kidney
injury that exists in multiple myeloma, it is difﬁcult to
distinguish one from another without a kidney biopsy. It
is important to recognize that the pattern of recovery
varies depending on the type of kidney disease (12,13,22).
A mixture of renal pathologies may explain why different
rates of renal recovery have been reported from different
trials (16–18,21–23).
Unfortunately, a renal biopsy is not always easy to obtain
in these patients. Patients treated with immunomodulatory derivatives such as thalidomide, lenalidomide, or
pomalidomide require antithrombotic prophylaxis and are
often on full-dose aspirin (24). Due to the age of these
patients, many may be receiving aspirin for protection or
prevention of coronary artery disease. In addition, thrombocytopenia is a common adverse effect of patients treated
with bortezomib and other chemotherapy. All of these
make obtaining a renal biopsy difﬁcult.

The purpose of this study was to determine if a noninvasive test can be used to distinguish CN from other renal
lesions. We looked at three serum tests and three urine tests,
all of which were found to be signiﬁcantly different when
evaluating the entire cohort. However, when focused on the
ability to distinguish CN, only ﬁve were found to be useful.
Although they all showed promise in the univariate analysis,
only %UAE was independently associated with CN. The area
under the curve of the ROC curve for %UAE was excellent at
0.99. In our population, no patient with a diagnosis of CN
had a %UAE .26%. The ROC curve analysis suggested that
25% was the best cutoff for CN. The addition of the other
tests did not improve its diagnostic ability.
It is important to recognize that because patients in this
study were selected from the Renal Biopsy Database, bias
was certainly introduced. The true prevalences of different
kidney diseases are not represented because biopsy rates
differ depending on the clinical situation. For patients with
AL and LCDD, renal biopsies were obtained to evaluate the
proteinuria, which is a common accepted practice (25).
However, renal biopsy has not been universally adopted
for evaluation of ARF in multiple myeloma (26). In fact,
the largest randomized trial for ARF in multiple myeloma
was conducted with few renal biopsies (16). Thus, despite
being the most common renal pathology in myeloma patients in autopsy, CN had the fewest number compared
with AL and LCDD (5).
Despite our promising results, further studies are needed
before %UAE can replace kidney biopsy. First, only four
lesions were tested in this study. At least a dozen different
renal diseases have been described due to monoclonal
plasma cell disorders and more are being discovered (1,27).
Even with the near perfect ROC curve for %UAE, there
were rare false positives with AL, ATN, and LCDD patients having low %UAE (Figure 1). One particular group
is the vascular limited AL (28). These patients usually
present with unexplained renal insufﬁciency with no or
little proteinuria, which makes them difﬁcult to distinguish from patients with CN. In addition, more than one
form of renal lesion can exist in a single patient (29). It is
unclear how %UAE would perform with these patients.
Finally, the value that renal biopsies provide cannot be
understated. In addition to being the gold standard for
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Table 2. Diagnostic capability of serum and urine tests for cast nephropathy

%UAE
22
25
27
Urine protein (g/d)
3.0
4.0
5.0
Urine M-spike (g/d)
0.02
0.05
0.1
Serum albumin (g/dl)
2.6
2.7
2.9
Serum creatinine (mg/dl)
2.4
2.6
2.8

Sensitivity

Speciﬁcity

PPV

NPV

0.98
0.98
1.0

0.94
0.94
0.92

0.78
0.75
0.71

0.99
0.99
1.0

0.72
0.81
0.88

0.70
0.64
0.52

0.32
0.31
0.27

0.93
0.95
0.96

0.98
0.95
0.93

0.80
0.81
0.82

0.49
0.49
0.50

0.99
0.99
0.98

0.88
0.86
0.74

0.56
0.64
0.72

0.31
0.32
0.50

0.91
0.96
0.93

0.99
0.91
0.84

0.70
0.72
0.77

0.38
0.39
0.46

0.99
0.98
0.95

AUC ROC
0.99
0.96
0.98
0.96
0.76
0.71
0.73
0.70
0.91
0.85
0.87
0.87
0.79
0.71
0.75
0.73
0.87
0.82
0.81
0.79

The middle values represent the best cutoff for each test which was calculated by ROC analysis. PPV, positive predictive value; NPV,
negative predictive value; AUC, area under the curve; ROC, receiver operator characteristics; %UAE, percentage of urine albumin
excretion; M-spike, monoclonal spike.

diagnosis, they also provide prognostic information that
cannot be obtained by other means. It is through renal
biopsies that new renal diseases associated with MGs are
being discovered. Recent studies show that bleeding is
not a greater risk for biopsy in multiple myeloma and
AL patients if the usual screening for coagulopathy is performed and should not be an impediment (30,31).
In conclusion, we found the %UAE to be a promising
screening test that can help to distinguish CN from other
renal lesions in myeloma patients. Using a cutoff of 25%,
%UAE has a PPV of 0.75 and a NPV of 0.99. If renal biopsy
is not obtainable, a low %UAE strongly suggests CN as
the cause of the renal failure. These results need to be conﬁrmed with more patients with additional types of kidney
disease. Until then, it should not be generalized to patients
with acquired Fanconi syndrome or immunotactoid or proliferative GN who were not included in this study. Renal
biopsy remains the gold standard in differentiating the
many different types of renal lesions in myeloma patients
and is an important tool for diagnostic, prognostic, and
research purposes in these patients.
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