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Abstract

Objectives: Quantification of 24 h-proteinuria is the gold
standard for diagnosing, staging, and monitoring of pa-
tients with renal AL amyloidosis. However, 24 h-urine
collection is cumbersome and may result in preanalytical
error. In this prospective study, we investigated the role of
urinary albumin/creatinine ratio (UACR) (cut-off: 300 mg/
g) identifying renal involvement, evaluated a UACR-based
staging system (UACR cut-off: 3,600 mg/g) and assessed
whether UACR response (UACR decrease >30% without
worsening in eGFR >25%) predicts renal outcome in 531
patients with newly-diagnosed AL amyloidosis.
Methods: From October 2013 paired 24 h-proteinuria and
UACR (on first morning void) were measured in all newly-
diagnosed patients with AL amyloidosis. Correlation

between 24 h-proteinuria and UACR at baseline was
assessed by Pearson’s r test. Impact of UACR response on
renal outcome was assessed in randomly created testing
(n=354) and validation (n=177) cohorts.
Results: A strong linear correlation was found between
24 h-proteinuria and UACR at baseline (r=0.90; p<0.001).
After a median follow-up of 31 months, 57 (11%) patients
required dialysis. A UACR-based renal staging system
identified three stages with significantly higher dialysis
rate at 36 months comparing stage I with stage II and stage
II with stage III. Achieving a renal response, according to a
UACR-based criterion, resulted in lower dialysis rate in
both testing and validation cohorts.
Conclusions: UACR is a reliable marker for diagnosis,
prognosis, and organ response assessment in renal AL
amyloidosis and can reliably replace 24 h-proteinuria in
clinical trials and individual patients’ management.

Keywords:AL amyloidosis; prognosis; proteinuria; urinary
albumin/creatinine ratio.

Introduction

Immunoglobulin light chain (AL) amyloidosis, is caused by
a misfolded monoclonal free light chain (FLC), that de-
posits as amyloid fibrils causing dysfunction and damage
in target organs [1]. Serum and urinary biomarkers are the
cornerstone for patient management and the clinical lab-
oratory has a key role in the diagnosis, prognostic evalu-
ation, and response assessment in this disease [2].

Renal involvement is frequent in AL amyloidosis, be-
ing present in approximately two thirds of patients [1] and
although it does not have a major impact on patients’
survival, it can result in end-stage renal failure, hampering
quality of life and limiting access to treatment and inter-
fering with the interpretation of key clinical chemistry tests
[3, 4]. 24 h-proteinuria is currently required for diagnosis,
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staging, and response assessment in AL amyloidosis [5].
However, 24 h-urine collection is a cumbersome procedure
that can cause discomfort to patients and may introduce a
preanalytical error [6, 7]. Moreover, urine total protein
quantification presents analytical limitations compared to
albumin measurement [8]. Urinary albumin/creatinine ra-
tio (UACR) represents a valid alternative to estimate urine
protein loss in various chronic kidney diseases [9–12]. In
the last years, the use of this biomarker in AL amyloidosis
was largely discussed and recently the Mayo Clinic
group proposed UACR cut-offs for identification of renal
involvement, prognostication of renal survival at diagnosis
and definition of renal response [13]. However, in this large
study (575 patients included) UACR and 24 h-proteinuria
samples were collected on the same day only in a half of
cases and paired samples at diagnosis were available only
in 155 patients (of whom 109 with renal involvement). In
the Mayo Clinic study, UACR sample was collected on a
random spot urine. More importantly, their study did not
include a validation set and UACR-based response criteria
were not evaluated on renal outcome. Here we present a
large prospective study on 531 patients with newly-
diagnosed AL amyloidosis and paired 24 h-proteinuria
and UACR (first morning void) samples at baseline and at
response assessment in order to define and validate the
possibility to replace the 24 h-urine collection with a
simpler test in the diagnosis, staging, and response
assessment of renal AL amyloidosis.

Materials and methods

From October 2013 we started evaluating systematically both 24 h-
proteinuria and UACR in all patients with newly diagnosed AL
amyloidosis evaluated at the Amyloidosis Research and Treatment
Center of Pavia. Patients were asked to bring at first evaluation and at
each follow-up visit the 24 h-urine collection as well as the first urine
morning void. All subjects received oral and written instructions on
appropriate 24 h collection. Data were prospectively collected in 531
patients until December 2018. All subjects gave written informed
consent for their clinical data to be used in accordance with the
Declaration of Helsinki.

AL amyloidosis was diagnosed after histological identification
and typing of amyloidogenic light chains in tissue biopsies by
immunoelectron microscopy or mass spectrometry [14–16], and organ
involvement and severity of organ dysfunction were assessed per
current criteria and according current validated staging systems [5,
17–19]. Renal involvement was defined by the presence of 24 h-albu-
minuria >0.5 g/24 h, and severity of renal involvement was assessed
with the current validated staging system based on 24 h-proteinuria
(cutoff: 5 g/24 h) and eGFR (cut-off: 50 mL/min) [5, 17].

We tested in the overall population the UACR cut-offs identified
by theMayoClinic investigators for identification of renal involvement
(300mg/g, corresponding to the 24 h-proteinuria cut-off of 0.5 g/24 h),

renal staging (3,600 mg/g, corresponding to the 24 h-proteinuria cut-
off of 5 g/24 h) and renal response (decrease in UACR from baseline
>30%, corresponding to a decrease in 24 h-proteinuria >30%) [13]. The
study population was further divided in a testing (354 patients) and in
an internal validation cohort (177 patients) to explore and validate the
benefit of the proposed UACR-based renal response criterion – i.e.
reduction in UACR from baseline >30% in absence of a reduction in
eGFR >25% at 6 months – on renal survival. Patients were randomly
assigned to one of these cohorts with a rate of 2:1. Only patients
evaluable for UACR-based renal response – defined as a baseline
UACR >300 mg/g – were included in this analysis.

Fisher’s exact test and Mann–Whitney test were used to assess
differences in nominal and continuous variables between testing and
validation cohort. Median and interquartile range (IQR) were reported
for continuous variables. Correlation between 24 h-proteinuria and
UACR at baseline was assessed by Pearson’s r test. Renal survival was
defined as time from diagnosis of AL amyloidosis to dialysis or death/
last contact. Renal survival curves were plotted according to Kaplan
Meier, and differences in survival were tested for significance with the
log-rank test. In order to make the renal survival analysis comparable
with other published analysis – including the Mayo Clinic paper and
themanuscript validating the currently used renal staging system and
renal response criteria [5, 13] – patientswho died before progression to
dialysis were censored at time of death. In parallel, the cumulative
incidence of dialysis was estimated with Kalbfleisch & Prentice
method in a competing-risk approach. Comparison of cumulative
incidence between groups of patients was tested via Pepe & Mori test.
A 6 months landmark analysis was performed to evaluate the benefit
of a UACR-based renal response on renal survival. MedCalc Statistical
Software version 14.12.0 (MedCalc Software bvba, Ostend, Belgium;
http://www.medcalc.org; 2014) and Stata 17 (StataCorp. 2021. Stata
Statistical Software: Release 17. College Station, TX: StataCorp LLC)
were used for computation.

Results

From October 2013 to December 2018, 531 consecutive
patients, newly-diagnosed at the Amyloidosis Research
and Treatment Center of Pavia with AL amyloidosis were
included in the study. Patients’ characteristics are reported
in Table 1. Renal involvement, defined as a baseline
24 h-proteinuria >0.5 g/24 h, was present in 328 patients
(62%). In patients with renal AL amyloidosis, renal stage,
based on 24 h-proteinuria and eGFR, was I in 93 (28%), II in
161 (49%) and III in 74 (23%) patients, respectively. In the
overall population, baseline median 24 h-proteinuria and
UACR were 1.30 g/24 h (IQR: 0.24–5.68) and 1,185 mg/g
(IQR: 90–5,990), respectively. No statistically significant
differences were observed between the internal testing and
validation cohorts (Supplemental Table 1).

In the overall population, there was a strong linear
correlation between 24 h-proteinuria and UACR at baseline,
with a correlation coefficient r of 0.90 (95% CI: 0.89–0.92;
p<0.001; Figure 1). TheMayoClinicUACR cut-off (300mg/g)
classified as having renal involvement 340 (64%) patients,
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with a 90% concordance (95% CI: 87–92%) with the
24 h-proteinuria cut-off (Figure 2).

After a median follow-up of living patients of
31 months, 57 (11%) had a progression of renal dysfunction
to end stage renal failure requiring dialysis. We explored
whether a UACR-based renal staging system (replacing the
24 h-proteinuria of 5 g/24 h cut-off with the UACR cut-off of
3,600 mg/g) was able to stratify patients with renal
involvement in three stages with statistically significant
different risk of progression to dialysis. Of 328 patients with
renal involvement, 65 (20%)were stage I, 165 (50%) stage II
and 98 (30%) stage III. Rate of dialysis at 36 months was
significantly lower in stage I patients compared to stage II
(0 vs. 20%; p=0.002) and in stage II subjects compared to
stage III (20 vs. 44%; p<0.001) (Figure 3A). Similar results
were observed when analysis was performed with a
competitive risk model (Figure 3B), with a significantly
lower 36 months dialysis-rate in stage I compared to stage
II (0 vs. 16%; p<0.001) and in stage II compared to stage III
(16 vs. 36%; p<0.001). No stage I patient required dialysis
during the study period. According to the validated 24 h-
proteinuria-based renal staging system, of the same 328
patients with renal involvement, 93 (28%) were stage I, 161
(49%) stage II, and 74 (23%) stage III (Figure 3C, D). Three
stage I patients progressed to end stage renal failure. The
24 h-proteinuria-based and UACR-based renal staging
systems were concordant in 82% (95% CI 77–86%) of cases
(Figure 3E). Interestingly, three of the 31 subjects who were
re-classified as renal stage II from renal stage I according to
the UACR-based renal stage required dialysis initiation.

A UACR-based renal response defined as a reduction of
UACR >30% from baseline at 6 months in the absence of
a concomitant reduction of eGFR >25%, was observed in
58/220 (26%) evaluable patients.We evaluated whether this
UACR renal response criterion was able to predict renal
survival in the testing (n=354 patients) and in the validation
cohort (n=177 patients). Details aboutfirst-line treatment are
reported in Table 1. UACR-based renal response was
observed in 41/153 (27%) evaluable patients in the testing
cohort and in 17/67 (25%) evaluable cases in the validation
cohort. The 6-months landmark analysis showed that pa-
tients who achieved a renal response according to this
UACR-based criterion had a statistically significant lower
dialysis-rate at 36 months both in the testing (0 vs. 17%;
p=0.004; Figure 4A) and in the validation cohort (0 vs. 31%;
p=0.006; Figure 4B). Also in this case, these results were
confirmed when the analysis was conducted with the
competitive risk model. The 36months dialysis rate was 0%
for UACR-responders and 16% for no-responders (p<0.001)

Table : Patients characteristics.

Variables Overall population
 patients
n (%) – median (IQR)

Age, years  (–)
Sex, male  (%)
Organ involvement
Heart  (%)
Kidney  (%)
Liver  (%)
ST  (%)
PNS  (%)
ANS  (%)

Mayo stage n=
I  (%)
II  (%)
IIIa  (%)
IIIb  (%)

Renal staging
I  (%)
II  (%)
III  (%)

Proteinuria, g/ h . (.–.)
eGFR, mL/min × . m

 (–)
UACR, mg/g , (.–,)
Monoclonal component
IgG  (%)
IgA  (%)
IgM  (%)
IgD  (%)
FLC  (%)

LC isotype
Kappa  (%)
Lambda  (%)

dFLC, mg/L  (–)
dFLC < mg/L  (%)
BMPC, %  (–)
Treatment
CyBorD  (%)
BMDex  (%)
BDex  (%)
MDex  (%)
IMiDs  (%)
Rituximab  (%)
Othera  (%)

aHigh dose dexamethasone in , autologous stem cell transplant in 

and daratumumab, bortezomib and dexamethasone in  case,
respectively. ST, soft tissues; PNS, peripheral nervous system; ANS,
autonomic nervous system; eGFR, estimatedglomerularfiltration rate;
UACR, urinary albumin to creatinine ratio; FLC, free light chain; LC,
light chains; dFLC, difference between involved and uninvolved free
light chains; BMPC, bone marrow plasma cells; CyBorD,
cyclophosphamide, bortezomib and dexamethasone; BMDex,
bortezomib, melphalan and dexamethasone; BDex, bortezomib and
dexamethasone; MDex, melphalan and dexamethasone; IMiDs,
immunomodulatory drugs.
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in the testing cohort and 0% for UACR-responders and 36%
for no-responders (p<0.001) in the validation cohort.
Concordance betweenUACR-based renal response and 24h-
proteinuria-based renal responsewas 85% (95%CI 79–89%).
Comparison of renal response rate according to 24 h-pro-
teinuria and UACR-based criteria and rate of dialysis
in renal responders is reported in Table 2. Four patients

who resulted as renal responders according to the
24 h-proteinuria criterion progressed to end-stage renal
failure. Importantly, these subjects did not achieve a
UACR-based renal response. No patient who achieved a
UACR-based renal response progressed to end-stage renal
failure requiring dialysis, both in the testing and in the
validation cohort.

Discussion

The present study explores the use of UACR instead of 24 h-
proteinuria in the diagnosis, staging and monitoring of
renal AL amyloidosis in a large prospective case series. In
agreement with the Mayo Clinic study, we observed a
remarkably good concordance between UACR and 24 h-
proteinuria at baseline. We tested the UACR cut-off iden-
tified by Mayo Clinic investigators in an independent and
larger population. We found that the proposed diagnostic
cut-off (300 mg/g) can identify renal involvement with a
90% concordance with the 24 h-proteinuria cut-off. We
observed that replacing 24 h-proteinuria with UACR
(3,600 mg/g) in the renal staging systems allows discrim-
ination of three groupswith significantly different survival.
Indeed, in our study, the patients who were reclassified
from stage I to stage II eventually progressed to dialysis,
indicating that the UACR-based staging systemmight even
improve the discriminating ability of the standard staging
system, possibly because of lower probability of pre-
analytical error. Importantly, in the present study UACR
was measured on the first morning void, that is considered

Figure 1: Correlation between
24 h-proteinuria and UACR.
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Figure 2: Concordance in identification of renal involvement
between 24 h-proteinuria and UACR.
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Figure 3: UACR-based compared to 24 h-proteinuria-based for renal staging system.
Renal staging system based on UACR (cut-off 3,600 mg/g) and eGFR (cut-off 50 mL/min), censoring patients who died before progression to
dialysis (A); renal staging system based on UACR and eGFR with a competitive risk model (B); renal staging system based on 24 h-proteinuria
(cut-off 5 g/24 h) and eGFR (cut-off 50 mL/min), censoring patients who died before progression to dialysis: rate of dialysis at 36 months was
10% in stage I, 20% in stage II and 49% in stage III (C); renal staging system based on 24 h-proteinuria (cut-off 5 g/24 h) and eGFR (cut-off
50mL/min) with a competitive riskmodel: rate of dialysis at 36monthswas 5% in stage I, 16% in stage II and 41% in stage III (D); concordance
between renal staging system based on 24 h-proteinuria (cut-off 5 g/24 h) and that one based on UACR (cut-off 3,600 mg/g) (E).
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more reliable than random spot urine samples for the
assessment of microalbuminuria [20]. Finally, for the first
time we showed prospectively that UACR-based renal
response, defined as a UACR reduction >30% at 6 months
frombaselinewithout aworsening of eGFR >25%, can predict
renal outcomes. Because the Mayo Clinic investigators did
not explore the impact of UACR-based renal response in their
study, we provided an internal validation and UACR renal
responders had a significantly longer renal survival both in
the testing and in the validation cohort. Importantly, the

patients who achieved a renal response assessed with 24 h-
proteinuria and that eventually progressed to dialysis were
reclassified as non-responders according to the UACR-based
renal response criterion, indicating a better discriminating
ability of UACR even in renal response assessment.

The availability of a renal marker that is independent
of 24 h-urine collection is relevant in AL amyloidosis, since
patients with this rare disease have often to travel to na-
tional referral centers for diagnosis and response to ther-
apy assessment that requires frequent evaluations (every

Figure 4: Impact of UACR-based renal response at 6 months on renal survival.
UACR-based renal response was defined as reduction in UACR >30% from baseline, in absence of a concomitant decrease in eGFR >25%.
UACR-based renal response in the testing cohort, censoring patients who died before progression to dialysis (A); UACR-based renal response
in the validation cohort, censoringpatientswhodiedbefore progression todialysis (B); UACR-based renal response in the testing cohortwith a
competitive riskmodel (C); UACR-based renal response in the validation cohort with a competitive riskmodel (D). Analysiswas performedwith
a 6 months landmark.

Table : Renal response according to  h-proteinuria and UACR-based criteria.

Variables  h-proteinuria-based criteria
 evaluable patients

UACR-based criteria
 evaluable patients

Renal response rate at  months % (% CI –%) % (% CI –%)
Rate of dialysis at  months from diagnosis in renal respondersa % (% CI –%) % (% CI –%)

aThe analysis gave the same results both with censoring and competing risk approach. UACR, urinary albumin to creatinine ratio.
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1–3 months). In this setting, the 24 h-urine collection is
uncomfortable and exposed to a potential preanalytical
error, due to an incorrect collection.

In conclusion, our study prospectively validates the use
of UACR as a biomarker for the identification and staging of
renal involvement in AL amyloidosis and demonstrates that
renal response assessment with UACR consistently predicts
renal outcomes. The Mayo Clinic study and ours allow
replacement of 24 h-proteinuria with UACR in individual
patients’management and in the design of clinical trials.
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