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Abstract
Light chain (AL) amyloidosis is caused by a small B-cell clone producing light chains that form amyloid deposits and
cause organ dysfunction. Chemotherapy aims at suppressing the production of the toxic light chain (LC) and restore
organ function. However, even complete hematologic response (CR), defined as negative serum and urine
immunofixation and normalized free LC ratio, does not always translate into organ response. Next-generation flow
(NGF) cytometry is used to detect minimal residual disease (MRD) in multiple myeloma. We evaluated MRD by NGF in
92 AL amyloidosis patients in CR. Fifty-four percent had persistent MRD (median 0.03% abnormal plasma cells). There
were no differences in baseline clinical variables in patients with or without detectable MRD. Undetectable MRD was
associated with higher rates of renal (90% vs 62%, p= 0.006) and cardiac response (95% vs 75%, p= 0.023).
Hematologic progression was more frequent in MRD positive (0 vs 25% at 1 year, p= 0.001). Altogether, NGF can
detect MRD in approximately half the AL amyloidosis patients in CR, and persistent MRD can explain persistent organ
dysfunction. Thus, this study supports testing MRD in CR patients, especially if not accompanied by organ response. In
case MRD persists, further treatment could be considered, carefully balancing residual organ damage, patient frailty,
and possible toxicity.

Introduction
Light chain (AL) amyloidosis is caused by a small B-cell

clone, more commonly a plasma cell (PC) clone with
shared genetic features with multiple myeloma (MM) and
monoclonal gammopathy of undetermined significance,
producing light chains (LCs) that form amyloid
deposits and exert toxicity on target organs1–3.

Lymphoplasmacytic clones sustain the disease in a min-
ority of patients4. The size of the underlying PC clone at
baseline affects prognosis5. Profound decreases of LC
levels through PC-targeting chemotherapy can result in
the improved organ dysfunction and arrest the otherwise
inexorable progression of the disease6–10. After treatment,
even small increases in amyloid LCs can cause organ
progression and reduced survival11. Current hematologic
and organ response criteria are based on M protein stu-
dies and on changes in the difference between amyloi-
dogenic (involved; iFLC) and uninvolved free LC (dFLC)
and in markers of organ dysfunction12,13. Amyloid com-
plete response (aCR) is defined by normal FLC ratio plus
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negative serum and urine immunofixation, and predicts
prolonged survival12. However, even aCR does not
translate into organ response in all patients. This could be
explained by irreversible organ damage, permanence of
amyloid deposits, or persistence of undetectable levels of
amyloid LCs produced by treatment-resistant residual
PCs, possibly combined.
High-sensitive next-generation flow cytometry (NGF) is

used to detect minimal residual disease (MRD) in MM14.
As compared to previous, less sensitive flow cytometry
methods, NGF offers robust surrogate endpoints for
clinical trials and guidance for treatment14–18. Accord-
ingly, it has been suggested as the new treatment endpoint
for MM19. Evaluation of MRD in AL amyloidosis is an
emerging area of interest20–27. The group at Mayo Clinic
showed that lack of clonal bone marrow (BM) PCs by
standard-sensitivity multiparameter flow cytometry, is
associated with improved progression-free survival25,26.
More recently, the Boston group reported trend for higher
probability of organ response in patients in aCR and
undetectable MRD28. However, there are no studies
evaluating the incremental clinical significance of MRD
monitoring by high-sensitivity NGF over routine mono-
clonal protein studies for hematologic response assess-
ment in patients with AL amyloidosis otherwise in aCR.
Thus, it remains unknown if, similarly to MM16, a
flow MRD-negative criteria should be adopted in AL
amyloidosis.

Methods
From April 2016 to July 2019, 92 patients confirmed to

be in aCR at least 6 months after treatment dis-
continuation were selected for NGF-based MRD assess-
ment at 14 participating centers in Italy, Spain, and the
United Kingdom (Supplemental Table 1). Patients with
MM, defined as >60% BMPC, and/or involved/uninvolved
FLC ratio >100, and/or bone lesions, as well as patients
with IgM-related AL amyloidosis were excluded. All
patients gave written informed consent for their clinical
data to be used for research purposes.
Clinical variables were recorded at the time of diagnosis,

at the time of first documentation of aCR, at the time of
MRD assessment, and at each subsequent evaluation.
Clinical decisions (e.g., treatment and frequency of sub-
sequent evaluations) were protocolized and were not
influenced by the presence or absence of MRD, except for
a single patient with MRD and organ progression who
started rescue treatment. All patients who maintained
aCR 6 months after the first assessment were asked to
perform BM aspiration for MRD evaluation. The patients
who no longer satisfied criteria of aCR were excluded
from the final analysis.
Hematologic and organ responses and hematologic

relapse from aCR were defined based on current

criteria12,13,29. aCR required both negative serum and
urine immunofixation and normal FLC ratio.
Cardiac and renal responses were evaluated at the time

of first documentation of aCR (compared to data at
diagnosis) and at the time of MRD assessment (compared
to data at the time of first documentation of aCR). Organ
response was also assessed comparing data obtained at
the time of MRD assessment with those obtained at the
time of diagnosis. Cardiac response was defined as a
decrease both >30% and >300 ng/L in NT-proBNP. The
NT-proBNP level needed to be >650 ng/L for cardiac
response to be measurable. Renal response was defined as
a decrease of at least 30% or <0.5 g/24 h of proteinuria in
the absence of a decrease >25% in estimated glomerular
filtration rate in patients whose proteinuria was at least
0.5 g/24 h.
Hematologic relapse from aCR was defined by the

reappearance of a monoclonal component in serum and
or urine at immunofixation, and/or by an abnormal
FLC ratio.
NGF cytometry on BM aspirates was performed

according to the EuroFlow protocol at two different
centers (Supplemental Table 1), with harmonized pre-
analytical and analytical procedures. Samples not pro-
cessed and analyzed locally were shipped overnight to one
of the two evaluating centers (Supplemental Table 1).
NGF-based antibody combinations were used for char-
acterizing MRD in BM aspirates (according to Euro-
Flow)14. Briefly, the EuroFlow lyse-wash-and-stain
standard sample preparation protocol and the 2-tube 8-
color EuroFlow NGF antibody panel was performed for
identification of BMPC, and discrimination between
phenotypically aberrant and normal PC. Tube 1 included
CD138-BV421, CD27-BV510, CD38-FITC, CD56-PE,
CD45-PerCPCy5.5, CD19-PECy7, CD117-APC, and
CD81-APCH7 monoclonal antibodies. In tube 2, the
CD117-APC and CD81-APCH7 monoclonal antibodies
were replaced by CyIgKappa-APC and CyIgLambda-
APCH7, respectively. Labeled antibodies were purchased
from Cytognos S.L. (Salamanca, Spain), BD Biosciences
(San Jose, CA, USA), BioLegend Inc. (San Diego, CA,
USA), Beckman Coulter (Brea, CA, USA), and DAKO
(Glostrup, Denmark). The two-tube strategy allows
detection of clonality with specific confirmation of LC
restriction on phenotypically aberrant PC, identified by
antigen under-expression (CD19, CD27, CD38, CD45,
and CD81) or overexpression (CD56, CD117, CD138) as
compared to normal PCs. In accordance with the guide-
lines for MRD response criteria in MM16, a minimum
sensitivity of 10−5 was achieved in all patients and 10−6

sensitivity was reached in 70/92 (76%) cases. Data were
analyzed using the Infinicyt software (version 1.7;
Cytognos Salamanca, Spain) by operators blind to clinical
data. The percentage of B-cell precursors, nucleated red
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blood cells, and mast cells was evaluated in each sample to
determine the extent of hemodilution.
Fisher exact test was used to assess differences between

subgroups, and long-rank test to compare times to
progression.

Results
A total of 108 patients with AL amyloidosis who were

known to be in aCR at least 6 months after treatment

discontinuation, underwent NGF-based MRD assessment.
Sixteen patients (15%) did not maintain aCR at the time
the BM specimen for MRD assessment was obtained, and
were excluded for the study. In these 16 subjects, a
median of 447 PCs with abnormal phenotype (range
54–3581), corresponding to 0.02% (range 0.002–0.335%)
were detected. The remaining, 92 patients with confirmed
aCR at the time of MRD assessment were considered
for the analysis (Table 1). Median time between first

Table 1 Patients characteristics.

Variable MRD positive (N= 50) N

(%)/median (IQR)

MRD negative (N= 42) N

(%)/median (IQR)

P value

Male sex 33 (66) 21 (50) 0.128

Age at diagnosis, years 59 (55–66) 61 (55–68) 0.280

Organ involvement at diagnosis

Heart 36 (67) 23 (54) 0.093

Kidney 30 (60) 31 (73) 0.172

Liver 11 (22) 4 (9) 0.117

Cardiac stage at diagnosis (Available in 45 patients) (Available in 40 patients)

I 11 (24) 17 (43) 0.084

II 18 (40) 12 (30) 0.341

IIIa 15 (34) 9 (22) 0.227

IIIb 1 (2) 2 (5) 0.582

Renal stage at diagnosis (Available in 41 patients) (Available in 39 patients)

I 20 (49) 18 (46) 0.818

II 18 (44) 18 (46) 0.843

III 3 (7) 3 (8) 0.951

eGFR, mL/min per 1.73 m2 86 (61–90) 76 (60–89) 0.158

BMPC at diagnosis (%) 8 (4–14) 9 (4–15) 0.865

dFLC at diagnosis, mg/L 141 (65–-488) 112 (34–397) 0.303

Exposure to two lines of therapy before aCR 25 (50) 15 (36) 0.177

Time from diagnosis to first aCR

documentation, months

10 (6–15) 11 (5–19) 0.823

Time from first aCR documentation to MRD

assessment, months

13 (5–30) 12 (6–37) 0.368

Autologous stem cell transplant 19 (38) 16 (38) 0.991

Melphalan 23 (46) 14 (33) 0.227

Bortezomib 45 (90) 36 (86) 0.547

Cardiac response at the time aCR was documented 16/29 (55) 15/21 (71) 0.262

Renal response at the time aCR was documented 12/29 (41) 19/31 (61) 0.470

Cardiac stage is defined by N-terminal pro-natriuretic peptide type B (NT-proBNP, cutoff 332 ng/L) and cTnI (cutoff 0.1 ng/mL), with stages I–III patients having none,
one, or to markers above the cutoff, respectively. Stage IIIa patients have NT-proBNP <8500 ng/L. Stage IIIb patients have NT-proBNP >8500 ng/L. Renal stage is
defined by eGFR (cutoff 50 mL/min per 1.73 m2) and proteinuria (cutoff 5 g/24 h); stage I patients have both eGFR above and proteinuria below the cutoff, stage II
have either eGFR below or proteinuria above the cutoff, and stage III patients have both eGFR below and proteinuria above the cutoff.
eGFR estimated glomerular filtration rate, dFLC difference between involved (amyloidogenic) and uninvolved free light chain, aCR amyloid complete response defined
by negative serum and urine immunofixation and normal free light chain ratio, BMPC bone marrow plasma cell infiltrate, MRD minimal residual disease.
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achievement of aCR and MRD assessment was 11 months
(interquartile range 9–30 months). Patients were exposed
to one (52 cases, 56%) or two (40 cases, 44%) lines of
therapy before aCR was reached and MRD was assessed.
Fifty patients (54%) had detectable MRD (median

0.02701%, range 0.0002–0.33010%). There was no sig-
nificant difference in clinical variables measured at base-
line in patients with and without detectable MRD.
Moreover, the number of lines of treatment performed
before evaluation, the median time from diagnosis to first
aCR documentation and the median time from first aCR
documentation to MRD assessment were not different
between MRD positive and negative patients. At the time
of MRD assessment, dFLC levels ranged from 0mg/L to
29mg/L and were <10mg/L in 67 patients (73%) in the
entire study population. Of note, dFLC levels were sig-
nificantly lower in patients with undetectable MRD
(median 1.5 vs 6.5 mg/L, P= 0.001).
Patients with undetectable MRD were more likely to

attain renal [92% (23/25 evaluable) vs 57% (15/26 evalu-
able), P= 0.005] and cardiac response [95% (18/19 eva-
luable) vs 71% (20/28 evaluable), P= 0.046]. Importantly,
time between diagnosis and aCR, or between achievement
of aCR and MRD assessment was not associated with
organ response (Supplementary Table 2). As above
mentioned, organ response was assessed by comparing
the organ function at the time of MRD assessment with
data obtained at the time of diagnosis. Interestingly, the
rate of renal response was higher in the MRD negative
cohort: 90% (28/31 evaluable) vs 62% (18/29 evaluable), P
= 0.006]. The same pattern was observed for cardiac
response: 95% (22/23 evaluable) vs 75% (24/32 evaluable),
P= 0.023] for patients with undetectable vs detectable
MRD, respectively.

After a median follow-up of 23 months from the time of
MRD assessment, three patients, all with persistent MRD,
died. The difference in overall survival between patients
with and without detectable MRD did not reach statistical
significance (P= 0.203). Time to hematologic progression
was significantly longer in MRD-negative patients: only 1
patient with undetectable MRD (sensitivity reached, 10−5)
progressed, compared to 13 MRD-positive patients (Fig.
1). Interestingly, rate of hematologic progression at 1 year
after MRD assessment was not different in patients who
received one or two lines of therapy (10% vs 15% pro-
gressing at 1 year, P= 0.763) and in patients who received
or did not receive autologous stem cell transplant (5% vs
10% progressing at 1 year, P= 0.278).

Discussion
We report here on the largest population of patients

with AL amyloidosis with sustained CR undergoing MRD
assessment with NGF. With a minimum sensitivity of
10−5 (reaching 10−6 in 76% of cases), persistent MRD was
identified in 54% of cases. This proportion does not
appear to be affected by exposure to one vs two lines of
therapy, and time to achievement of aCR or to assessment
of MRD. This finding is in agreement with the observa-
tions by Kastritis et al. who analyzed 20 patients in aCR
(40% after ASCT) and reported MRD negativity in 8
(40%)24. Similarly, Muchtar et al. analyzed patients at the
end of first-line treatment (84% after ASCT) and reported
that, among 16 subjects in aCR, 8 (50%) had undetectable
clonal PCs by multiparameter flow cytometry26. In a more
recent case series from the Mayo Clinic, where MRD
assessment was performed within 2 years from start of
therapy (in 57% of cases after ASCT), MRD negativity was
observed in 15 out of 20 (75%) patients in aCR. In the
Boston series, 55% of patients in CR were MRD positive
and a trend to a better organ (especially renal) response
was noted in those who reached MRD negativity. While
small sample size and differences in patient selection
criteria may at least partially account for the increased
rate of MRD negativity in this study, the lower sensitivity
of MRD assessment (≥10−5, with 11 out of 22 patients in
VGPR found to be MRD negative) could also have played
a role. Table 2 summarizes the methodology and findings
of published flow cytometry-based MRD studies in AL
amyloidosis and of the present report. The fact that cur-
rently available therapies can yield profound, MRD-
negative responses in up to 50% of patients with AL
amyloidosis in aCR is encouraging and can explain the
long-term progression-free survival of patients in aCR.
These promising results will probably improve when
novel, powerful drugs such as daratumumab, will become
accessible.
In the present study, undetectable MRD was associated

with a further improvement of organ involvement after

Fig. 1 Maintenance of amyloid complete response after MRD
assessment according to MRD status. Bold line: MRD negative
patients (N= 42). Dotted line: MRD positve patients (N= 50).
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aCR in >90% of patients. Both renal and cardiac response
rates were higher in the MRD-negative cohort and also
from diagnosis to MRD assessment. This links persistence
of organ dysfunction and damage with permanence of
even minimal clonal disease, producing undetectable, but
still toxic amounts of LCs. This observation further cor-
roborates other clinical and laboratory data, indicating a
toxic effect of the circulating amyloid precursor30–33.
Thus, efforts to improve the rate of organ response should
aim at deepening hematologic response, possibly eradi-
cating the PC clone. As such, high-sensitive NGF becomes
a clinically relevant biomarker to confirm if the achieve-
ment of aCR is associated with profound eradication of
clonal PCs, and to monitor the reappearance of MRD
before hematological relapse as potential surrogate of
upcoming organ dysfunction.
Undetectable MRD was also associated with longer

progression-free survival. About one quarter of patients
with persistent MRD experienced a hematologic pro-
gression (loss of aCR), while only one patient progressed
among the 42 patients with MRD negativity. Of note, the
sensitivity achieved by NGF for this single patient pro-
gressing was 10−5, further stressing the importance of
reaching the highest sensitivity threshold with current
MRD methodologies (i.e., 2 × 10−6 for NGF and 1 × 10−6

for NGS).
In conclusion, NGF can detect MRD in patients with AL

amyloidosis otherwise in aCR, and persistent MRD can
explain persistent organ dysfunction and predict/antici-
pate hematologic progression. Testing for MRD should be
offered to subjects who attain aCR, especially if aCR is not
accompanied by organ response. In case MRD is present,
further chemotherapy could be considered, carefully bal-
ancing residual organ damage, patient frailty, and possible
toxicity.
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