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Abstract

Response assessment in light chain (AL) amyloidosis is challenging given the low level of 

circulating free light chains usually seen. Multi-parametric flow cytometry (MFC) from a marrow 

aspirate was demonstrated to retain a prognostic significance in several recent studies. In this 

work, 82 AL patients who had MFC study at end of therapy were analysed based on whether 

clonal plasma cells were detected or not. Among patients who achieved deep response (i.e. very 

good partial response or complete response) to first-line therapy, lack of clonal marrow plasma 

cells as measured by MFC was associated with improved progression-free survival (PFS) 

compared to patients with residual clonal plasma cells (3-year PFS 88% vs. 46%, p = .003), 

particularly among patients who achieved a complete response (3-year PFS 100% vs. 33%, p 
= .001). Absence of clonal plasma cells by MFC compared with patients with detectable clonal 

plasma cells among deep responders was associated with lower level of involved light chain 

(involved free light chain (iFLC), median 1.1 vs. 1.7 mg/dL; p = .02) and higher frequency of renal 

response (100% vs. 68%; p = .005). Further studies are needed to determine if MFC should be 

incorporated into response criteria in AL amyloidosis.
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Introduction

Light chain amyloidosis (AL) is a systemic disease caused by deposition of abnormal 

immunoglobulin light chains which bear amyloidogenic properties. Clonal bone marrow 
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plasma cells are the source of these amyloidogenic light chains [1]. Often, the clonal plasma 

cell disorder is of low burden, with modest bone marrow involvement (≤10% of marrow 

cellularity) and low circulating levels of free light chains [2]. The introduction of the serum 

free light chain assay more than a decade ago has improved disease recognition and 

facilitated diagnosis. This assay is also the key component in the haematological response 

assessment [3], differing from the one available for multiple myeloma [4].

Multi-parametric flow cytometry (MFC) has been used for both diagnosis and response 

assessment purposes in various haematological disorders [5]. It is emerging as an important 

tool for minimal residual disease (MRD) assessment in various haematological cancers [6], 

among them multiple myeloma [7]. MRD in AL amyloidosis has been explored for its 

prognostic value. We have previously published a comprehensive study on 7-color MFC at 

diagnosis and at the end of treatment (EOT) [8]. Eighty-two patients (n = 82) were assessed 

in the EOT cohort. We have demonstrated that minimal residual monotypic plasma cells 

(PCs) by MFC at EOT is associated with an improved response rate, superior progression-

free survival (PFS) and overall survival (OS) compared to patients with a higher value of 

residual clonal PCs at EOT. Two recent studies from our group have demonstrated that 

among patients who achieved hematologic complete response, the absence of clonal plasma 

cells by flow cytometry was associated with improved PFS but not OS [9,10]. Nonetheless, 

these two studies used MFC at different sensitivity levels, limiting the value of the 

measurement of MRD.

Methods

We sought to update the results from our previous EOT cohort of 82 newly diagnosed AL 

patients with an extended follow-up. Our goal was to establish whether clearance of clonal 

plasma cells at EOT using sensitive and uniform MFC (sensitivity 1 × 10−4 to 2 × 10−5, 

depending on the number of analysed events, phenotype and DNA index) is associated with 

improved OS. The MFC method used in this analysis was previously described [8]. A total 

of 500,000 live cellular events were set as a target per exam (median gated events achieved 

489,922, 25–75% IQR 469,765–493,662).

Haematological response was assessed using consensus criteria [3]. Organ response was 

assessed for heart, kidney and liver based on consensus criteria [11] and the refined response 

criteria for heart (a reduction of N-terminal pro b natriuretic peptide >30% of baseline level 

[3]) and kidney (a reduction of >30% from the baseline 24 h proteinuria in the absence of a 

rise in creatinine >25% [12]). PFS was defined as time from EOT until haematological 

progression per consensus criteria and/or institution of second-line therapy when 

haematological progression criteria were not met or until death from any cause. OS was 

defined as time from EOT until death from any cause. Survival analysis was performed 

using the Kaplan–Meier method, and the log-rank test to compare groups. For survival 

analysis, day 0 was set as the day of the MFC exam.
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Results and discussion

The baseline characteristics of the EOT cohort are listed in Table 1. All patients were treated 

from February 2012 to November 2015. Briefly, the median age was 61 years, cardiac 

involvement was seen in 51% of patients. Mayo 2012 stages III/IV was seen in 25% of 

patients. Autologous stem cell transplantation (ASCT) was the primary therapy in 84% of 

patients. Twenty-four patients (n = 24, 29% of the study cohort) had no detected monotypic 

PCs at EOT, while 58 patients (71%) had detectable monotypic PCs by EOT. The median 

follow-up of the surviving patients (n = 68, 83% of the study population) from EOT was 4.6 

years.

Patients with no residual monotypic PCs by MFC at EOT exhibited longer PFS compared to 

patients with any level of detected clonal PCs (3-year PFS 88% vs. 28%, P < .001; 

Supplementary Figure 1a). However, OS difference was not seen between groups (3-year OS 

96% vs. 84%, P = .17; Supplementary Figure 1b). We then restricted analysis to the 

subgroup of patients who achieved VGPR/CR at the time MFC was performed (n = 54; 

VGPR 38 patients, CR 16 patients). In these patients, MFC would have a greater value in 

response assessment than in patients who had less than a VGPR and would be likely to have 

substantial numbers of residual clonal plasma cells. In this subgroup of patients, 24 patients 

(44%) had no residual monotypic PCs, while 30 patients (56%) had detectable clonal PCs at 

EOT. Among patients who achieved VGPR/CR, PFS was superior in those with no residual 

clonal plasma cells by MFC (MRD−) compared to those with any level of residual clonal 

plasma cells (MRD+)(3-year PFS 88% vs. 46%, P = .003; Figure 1(A)). This PFS advantage 

was striking among those who achieved haematologic CR and were MRD− (n = 8), in whom 

PFS was 100% at the 3-year mark compared to 33% in those who achieve CR but had 

residual clonal plasma cells (Figure 1(B)). In contrast, while there was some evidence for 

PFS advantage among those who achieved VGPR and were MRD− compared to those who 

achieved VGPR but were MRD+ by EOT, this difference did not reach statistical 

significance (P = .14; Figure 1(C)).

Among patients who achieved haematological VGPR or better, cardiac, renal and hepatic 

responses were available for evaluation in 20, 33 and 4 patients, respectively. Of the 20 

patients available for cardiac response, all patients with MRD− disease (n = 8) achieved a 

cardiac response, compared to 10/12 (83%) with residual clonal plasma cells at EOT (P 
= .13). The rate of renal response was higher among patients with MRD− compared to those 

with MRD+ [100% (14/14) vs. 68% (13/19); P = .005]. Of the 4 patients available for 

hepatic response, the one patient with MRD− achieved hepatic response compared to 2 out 

of 3 patients with residual clonal plasma cells at EOT who achieved hepatic response.

We compared serum free light chain assay values at the time MFC was performed among the 

VGPR/CR patients, stratified by MRD status. Patients with MRD− had lower involved free 

light chain (iFLC, median 1.1 vs. 1.7 mg/dL; P = .02) and lower difference between involved 

to uninvolved light chains (dFLC, median 0.1 vs. 0.7 mg/dL; P = .005) compared to patients 

with MRD+. Although these differences were statistically significant, they were small and 

within the normal range of the assay. This highlights the fact that at a deep response level, 

one cannot ascertain based on the serum free light chain assay alone the presence of clonal 
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marrow residual disease. Moreover, we recently demonstrated in a large cohort of patients 

that a lower iFLC at EOT translates into improved PFS and OS in patients achieving a deep 

response to therapy [13]. Achieving MRD− at EOT predicts lower iFLC, and a response and 

survival advantage has been demonstrated in a larger patient population.

We believe that this study as well as prior work raises the need to perform a bone marrow 

aspiration and biopsy at end of therapy in AL amyloidosis patients who achieved a deep 

hematologic response to treatment, i.e. VGPR or better. Currently, this is not routinely 

recommended as part of consensus criteria for response assessment [3]. However, at the time 

consensus haematological response criteria were formulated, the role of MFC was not clear. 

Nonetheless, the authors in the consensus response criteria paper commented that ‘the utility 

of refined bone marrow studies (e.g. multi-parameter flow cytometry, molecular studies) to 

assess risk of relapse remains to be established’. We believe this new technology developed 

after the response criteria were published should be assessed by other groups. If other 

studies will confirm these results it will appropriate to incorporated MFC into revised 

response criteria for amyloidosis.

The above findings are observational. We are also limited by selection bias and retrospective 

chart review. It should be noted that 84% of the patients underwent ASCT, a selected 

population with better baseline organ function and better prognosis. Therefore, the impact on 

PFS and OS based on MRD status may be different than patients not eligible for ASCT, who 

are more likely to succumb to their disease even in the face of deep haematological response 

due to advanced organ involvement. Moreover, fit patients are more likely to face a disease 

relapse and resume therapy than those who are less fit. It should also be acknowledged that 

whether interventions to further reduce residual PCs in those who already achieved a deep 

response to therapy would be beneficial remains to be assessed in prospective clinical trials.

Next-generation MRD assessment in plasma cell disorders is being performed in AL 

amyloidosis in the clinical practice [14]. This is expected to further improve our ability to 

detect residual clonal PCs following therapy. By this, identifying patients with MRD-

negative disease using more sensitive techniques should further increase our ability to 

predict haematological long-term disease control.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

AL light chain amyloid protein

ASCT autologous stem cell transplantation

CR complete response

dFLC difference between involved to uninvolved free light chain

EOT end of treatment

iFLC involved free light chain

IQR interquartile range

MFC multi-parametric flow cytometry

MRD minimal residual disease

OS overall survival

PCs plasma cells

PFS progression-free survival

VGPR very good partial response
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Figure 1. 
Progression-free survival from end of treatment (EOT) among subgroup of patients who 

achieved very good partial response (VGPR) or better following first line treatment: (A) 

whole subgroup; (B) patients who attained a complete response; (C) patients who attained a 

VGPR.
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Table 1

Baseline patients’ characteristics (n = 82).

Age in years, median (range) 61 (43–77)

Male sex, n (%) 56 (68%)

No. of involved organs

 Median (range) 2 (1–4)

 Cardiac involvement 42 (51%)

 Renal involvement 51 (62%)

 Peripheral/autonomic neuropathy 17 (26%)

 Liver involvement 10 (12%)

 GI involvement 6 (9%)

Lambda restriction, n (%) 55 (67%)

dFLC, mg/dL, median (range) 21 (0.7–1498)

Monotypic PCs percentage, median (range)

 By MFC 2 (0–41.8)

 By aspiration/biopsy 10 (2–80)

2004 Mayo stage, n (%)

 I 37 (45%)

 II 32 (39%)

 III 13 (16%)

2012 Mayo stage, n (%)

 I 34 (42%)

 II 27 (33%)

 III 6 (7%)

 IV 15 (18%)

FISH abnormalities, n (%) n = 70

 t (11;14) 35 (50%)

 del (13q) 28 (40%)

 Any trisomy(ies) 17 (24%)

First-line treatment

 ASCT 69 (84%)

 Bortezomib-based 10 (12%)

 Melphalan-based 3 (4%)
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