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Abstract

We evaluated the prognostic impact of clonal circulating plasma cells (cPCs) detected by six-color 

multi-parametric flow cytometry (MFC) in light chain (AL) amyloidosis at diagnosis. Of the 154 

patients who underwent MFC, cPCs were detected in 42% (n = 65) patients. Median number of 

cPCs was 81 per 150 000 events (range: 6 – 17 844). High bone marrow plasma cell percentage 

was an independent predictor of presence of cPCs. Presence of cPCs at diagnosis was associated 

with inferior overall survival (OS) (90 vs. 98 months, p = 0.003) and inferior progression free 

survival (PFS) (31 vs. 52 months, p = 0.02). Estimated 1, 2 and 5 year OS in the two groups was: 

74%, 64% and 57% and 89%, 87% and 80%, respectively. Estimated PFS at 1, 2 and 5 years was: 

69%, 56% and 23% and 80%, 74% and 37%, respectively. Furthermore, the presence of cPCs at 

diagnosis was an independent adverse predictor of OS in multivariable analysis. Achieving a very 

good partial response or better was able to overcome the adverse impact of cPCs at diagnosis. 

Patients with cPCs at diagnosis may warrant closer monitoring post-treatment, especially if they 

do not achieve a deep hematologic response.
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INTRODUCTION

Light chain (AL) amyloidosis is a clonal plasma cell disorder characterized by organ 

dysfunction secondary to deposition of misfolded light chains and most commonly involves 

the heart, kidney, liver, nerves and gastrointestinal tract.1–3 The clonal plasma cell burden 

within the bone marrow in AL amyloidosis is lower than that observed in patients with 

multiple myeloma (MM).4 However, the presence of excess clonal bone marrow plasma 

cells has been shown to have an adverse impact in AL amyloidosis, both in the presence and 

absence of active MM as defined by the CRAB (hypercalcemia, renal insufficiency, anemia 

and bone lesions) criteria.5, 6

Multi-parametric flow cytometry (MFC) is a reliable tool to assess clonal plasma cells in 

both the bone marrow and peripheral blood compartments of plasma cells disorders, 

including AL amyloidosis.7, 8 The impact of circulating clonal plasma cells (cPCs) detected 

by MFC has been shown to impart a poor prognosis in patients with monoclonal 

gammopathy of undetermined significance (MGUS), smoldering multiple myeloma, as well 

as active multiple myeloma (MM) in both the newly diagnosed and relapsed setting.9–14 

Similarly, the presence of cPCs was also found to be an independent adverse prognostic 

factor for survival in patients with newly diagnosed systemic AL amyloidosis.15 However, 

this assessment of cPCs in AL amyloidosis has only been performed using a slide-based 

immunofluorescence assay and not via MFC. The former methodology tends to be labor 

intensive and hence unavailable for widespread clinical use. On the other hand, MFC is more 

reproducible and widely available in the clinical laboratory setting.

Since the impact of cPCs as detected by MFC has not been explored in AL amyloidosis, we 

report on the prognostic utility of quantifying cPCs in patients with AL amyloidosis as 

detected by MFC at the time of diagnosis.

METHODS

Following Institutional Review Board approval, patients with AL amyloidosis who were 

seen within 90 days of diagnosis at our institution and underwent testing for cPCs by MFC 

were identified from a prospectively maintained institutional database. All patients provided 

informed consent for review of medical records for research. Data pertaining to 

demographics, diagnosis, treatment and follow-up was collected from the database as well as 

abstracted from patients’ Electronic Medical Record. Patients were risk stratified by revised 

2012 Mayo staging.16 AL amyloidosis with CRAB features refers to patients who had 

systemic AL amyloidosis with the presence CRAB (hypercalcemia, renal failure, anemia 

and bone disease) criteria.6

Six-color MFC for patients with plasma cell disorders has been used at Mayo Clinic since 

2008 as previously described.7, 10, 11 In brief, six color MFC was performed on peripheral 
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blood mononuclear cells isolated by Ficoll gradient using BD FACSCantos II instruments 

(Becton Dickinson, Franklin Lakes, NJ, USA) with a target of collecting 150,000 cellular 

events, and data were analyzed using the BD FACSDiva software (Beckton Dickinson). 

Antibodies to CD19, CD45, CD38, CD138 and cytoplasmic kappa and lambda light chains 

were employed to detect clonal plasma cells. cPCs detected were reported as number of 

clonal events per 150,000 events. For samples where less than 150 000 cells were gated or 

examined, the number of clonal events was adjusted for 150,000. The lower limit of 

detection by this method is 20 cells per 150 000 (~ 0.01%). Supplementary Figure 1S 

demonstrates an example of a MFC assessment of peripheral blood in a patient with AL 

amyloidosis that quantifies the cPCs.

The statistical analysis for this study was carried out using JMP® 12 (SAS Institute Inc., 

Cary, NC) statistical software.17 The primary endpoints of the study were overall survival 

(OS) from the date of diagnosis based on presence of cPCs in patients with newly diagnosed 

AL amyloidosis. Chi-Square and Fischer Exact tests were used to carry out univariate 

analysis for categorical variables and Wilcoxon Rank Sum/Kruskal Wallis for continuous 

variables. Survival analysis was carried out using the Kaplan-Meier method and the log-rank 

test was used to compare survival curves. Progression free survival (PFS) was defined as 

time from diagnosis to progression requiring treatment or death, whichever occurred earlier. 

For patients who did not have a hematology evaluation within six months of death or date of 

last contact, PFS was censored at date of last hematologic follow-up. Multivariate survival 

analysis was carried out by Cox proportional hazards model.

RESULTS

Baseline Characteristics

Of the 154 patients diagnosed with AL amyloidosis who underwent testing for cPCs at time 

of diagnosis, cPCs were detected in 42% (n=65) of the patients. Median number of cPCs in 

patients with detectable cPCs was 81 per 150 000 events (range: 6 – 17 844). In patients who 

had detectable cPCs without associated CRAB features (36%, 46/128), the median number 

of cPCs present was 62 per 150 000 events (range: 6 – 4 582). Baseline characteristics of 

patients with and without detectable cPCs are described in Table 1. Patients with cPCs had 

higher dFLC (median: 38 vs. 16 mg/dL, p = 0.005) and higher bone marrow plasma cell 

percentage (median: 15% vs. 10%, p < 0.001) compared to patients without any cPCs. A 

higher proportion of patients with detectable cPCs had associated CRAB features (29% vs. 

8%, p = 0.0005). There were no differences noted in other baseline characteristics including 

age, sex, 2012 Mayo stage, involved light chain type, organ involvement, NT-Pro-BNP level, 

24 hour urine protein, or associated FISH (fluorescence in-situ hybridization) abnormalities 

including t(11;14) and presence of trisomy/tetrasomy.

Factors associated with cPCs

In univariate analysis the following factors were associated with presence of cPCs: high 

bone marrow plasma cell percentage (p < 0.001), including plasma cells >10% (p = 0.001), 

presence of CRAB features (p = 0.0005) and higher dFLC at diagnosis (p = 0.04). Mayo 

stage (p = 0.2), multi-organ involvement (p = 0.4) and presence of t(11;14) (p = 0.4) or 
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trisomy/tetrasomy (p = 0.5) were not associated with presence of cPCs. In multivariable 

analysis, only high bone marrow plasma cells retained statistical significance (p=0.001), 

while dFLC (p=0.6) and presence of CRAB features (0.6) were not significantly associated 

with cPCs.

Therapy and Response

Treatment received by the patients in both groups is described in Table 1. Autologous stem 

cell transplant (ASCT) based therapy was the most common treatment in both groups, 

though notably fewer patients in the group with detectable cPCs underwent ASCT (53% vs. 

70%, p = 0.03) For patients not undergoing ASCT, alkylator and bortezomib-based therapy 

were most commonly used. Hematologic responses rates were similar in both groups (Table 

2), with very good partial response (VGPR) or better rate in the two groups being 64% vs. 

65% (p=0.9), respectively. There was no difference in cardiac (47% vs. 57%) and renal 

response (80% vs. 73%) rates and time taken to achieve these responses. There were very 

few patients who could be evaluated for liver response (11 evaluable of 15 patients with liver 

involvement) and proportion of patients achieving a liver response was higher in the groups 

with detectable cPCs (100%, n=4/4) compared to that in patients without cPCs (14%; n=1/7) 

(p = 0.002).

Survival Outcomes

Median follow-up of the entire cohort was 44 months and inferior survival outcomes were 

observed for patients with cPCs at diagnosis. Median OS in patients with detectable cPCs 

was 90 months [95% confidence interval (CI): 25 - not reached] vs. 98 months (95% CI: 79 - 

98) in patients without any detectable cPCs, p = 0.003. Estimated survival at 1, 2 and 5 years 

in patients with cPCs was: 74%, 64% and 57% and in those without cPCs was 89%, 87% 

and 80%, respectively. Overall survival remained inferior for patients with cPCs even after 

excluding the 26 patients with CRAB features, with median OS of 90 vs. 98 months, p=0.02. 

Similarly, estimated survival at 1, 2 and 5 years in patients with cPCs was: 76%, 67% and 

63% and in those without cPCs was 90%, 89% and 82%, respectively. (Figure 1) In a 

multivariate Cox proportional hazards model incorporating age at diagnosis, bone marrow 

plasma cells >10% and revised 2012 Mayo stage, presence of cPCs were independently 

associated with inferior OS (hazard ratio: 2.0, 95% CI 1.1 - 3.9), p = 0.03. (Table 3)

Patients with detectable cPCs had median PFS of 31 months (95% CI: 15 - 41) compared to 

52 months (95% CI: 41 - 62) in the group without cPCs, p = 0.02. Estimated PFS at 1, 2 and 

5 years in patients with cPCs was 69%, 56% and 23% and in those without cPCs was 80%, 

74% and 37%, respectively. When patients with CRAB features were excluded, the group 

with detectable cPCs still had a lower PFS, though the difference was not statistically 

significant (median PFS: 32 months vs. 52 months, p = 0.16). Estimated 1,2 and 5 year PFS 

in patients with CPCs was 72%, 59% and 26% and in those without cPCs was: 80%, 74% 

and 35%. (Figure 2)

In the sub-group of 67 patients who achieved a VGPR or better response, there was no 

difference in overall survival amongst patients with and without cPCs at diagnosis (not 
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reached vs. 98 months, p=0.9). Similarly, no difference in PFS was observed (49 vs. 53 

months, p=0.9) amongst patients achieving a VGPR or better response.

Survival for patients in our study cohort was higher than that observed for all patients (n = 

998) with AL amyloidosis seen at our institution during the study period. The median OS in 

the entire cohort (n = 998) was 43 months (95% CI: 33 - 54), with 27% (n = 267) patients 

undergoing upfront transplant. (Supplementary Figure 2S)

DISCUSSION

Previous studies from our institution have observed inferior outcomes in patients with AL 

amyloidosis who have cPCs using a slide-based immunofluorescence assay.15 However, 

given the lack of wide spread availability of the slide-based immunofluorescence assay, 

assessment of cPCs by MFC is a more feasible and clinically useful methodology. Our 

results show that presence of cPCs at diagnosis using six-color MFC at diagnosis is an 

independent adverse prognostic feature in AL amyloidosis, though the impact on PFS was 

lower when patients with co-existing CRAB criteria were excluded. Importantly, amongst 

patients who achieved a VGPR or better, presence of cPCs at diagnosis was not prognostic 

for survival, suggesting that achieving a deep hematologic response may overcome this 

adverse prognostic feature. We also observed that high bone marrow plasma cells 

independently predict for presence of circulating plasma cells in peripheral blood.

Our study cohort consisted of patients with a generally good prognosis, with higher median 

OS than that observed in all patients with AL amyloidosis seen at our institution over the 

study period (2008-2015). The median OS for patients in our cohort who had cPCs tested at 

time of diagnosis was 98 months compared to 43 months in all patients seen over that time 

period. This is likely due to higher number of patients in the study cohort being transplant 

eligible compared to all patients with AL amyloidosis. The difference in transplant 

eligibility of our study cohort is because testing for cPCs is not yet routine for all AL 

amyloidosis patients, but is often done for patients undergoing evaluation for an ASCT. Even 

in patients with an excellent prognosis, presence of cPCs at time of diagnosis was associated 

with an inferior PFS and OS. There was no difference in hematologic response or rates of 

organ response for cardiac and renal response between patients with and without cPCs. 

Although we observed a statistically significant difference in the rates of liver response, 

there were too few patients in both groups to make a meaningful comparison. Given the 

prognostic impact of presence of cPCs in AL amyloidosis, it remains reasonable to consider 

assessment for cPCs in patients with AL amyloidosis at the time of diagnosis. Patients who 

have cPCs at time of diagnosis may be considered for a more risk-adapted therapy.

We acknowledge that our study has limitations owing to its retrospective design and testing 

of cPCs in non-contiguous patients. Our study cohort includes a higher proportion of 

patients who are transplant-eligible given our current practice pattern. However, the baseline 

characteristics of patients with and without cPCs at diagnosis were comparable, except for 

factors predictive of presence of cPCs. Therefore, our results are valid despite having a 

selected cohort. Given our small sample size, we were unable to determine an optimal cutoff 

for the absolute number of cPCs that would predict for worse outcomes; further studies are 
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needed to determine such an appropriate cut-off for cPCs. A recent study from our group 

also established the prognostic role of MFC on bone marrow in patients with AL 

amyloidosis at diagnosis and at end of therapy.18 Future studies are warranted to establish 

correlation between bone marrow clonal plasma cells detected by MFC and presence of 

cPCs by MFC. Detection of cPCs in peripheral blood offers a more convenient method of 

monitoring, especially at end of therapy. Further investigation is also warranted to determine 

if early clearance of cPCs can predict for hematologic response and if it is associated with 

improved outcomes.

In conclusion, presence of cPCs as detected by six-color MFC in patients with AL 

amyloidosis is an independent adverse prognostic factor at time of diagnosis. Our results 

suggest that patients with detectable cPCs at diagnosis, especially those who do not achieve 

a deep hematologic response may require closer monitoring.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overall Survival based on presence of clonal circulating plasma cells (a) all newly diagnosed 

AL amyloidosis patients and (b) newly diagnosed AL amyloidosis patients, excluding those 

with CRAB features

Shown is overall survival based on presence or absence of cPCs at diagnosis in patients with 

light chain amyloidosis

1, 2 and 5 year overall survival rates based on presence of cPCs were:

a: cPCs present: 74%, 64% and 57%

cPCs absent: 89%, 87% and 80%

b: cPCs present: 76%, 67% and 63%

cPCs absent: 90%, 89% and 82%
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Figure 2. 
Progression Free Survival (PFS) based on presence of clonal circulating plasma cells (a) all 

newly diagnosed AL amyloidosis patients and (b) newly diagnosed AL amyloidosis patients, 

excluding those with CRAB features

Shown is progression free survival (PFS) based on presence or absence of cPCs at diagnosis 

in patients with light chain amyloidosis

1, 2 and 5 year progression free survival rates based on presence of cPCs were:

a: cPCs present: 69%, 56% and 23%

cPCs absent: 80%, 74% and 37%

b: cPCs present: 72%, 59% and 26%

cPCs absent: 80%, 74% and 35%
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Table 1

Baseline Characteristics based on presence or absence of circulating clonal plasma cells (cPCs) at diagnosis

cPCs Present
N=65

cPCs Absent
N=89 P value

Median age, years (range) 63 (43-82) 62 (44-85) 0.96

Sex, males, n(%) 39 (60) 57 (64) 0.6

Involved light chain (lambda), n(%) 44 (69)# 61 (70)## 0.9

Median dFLC, mg/dL (IQR) 38 (15-116) 16 (6-58) 0.005

Median bone marrow plasma cells, % (IQR) 15 (10-35) 10 (5-10) <0.001

Median NT-ProBNP, pg/mL (IQR) 922 (241-6404) 541 (181-2240) 0.08

Median 24 hour urine protein, mg (IQR) 1142 (159-3344) 1254 (203-4466) 0.5

FISH abnormalities N=48 N=76

 t (11;14) 20 (42) 37 (49) 0.4

 trisomy/tetrasomy 15 (31) 19 (25) 0.5

Mayo Stage N=61 N=88

 1/2/3/4 17/17/9/19 37/21/14/16
0.2

 n (%) (27/27/15/31) (42/24/16/18)

Organ involvement, n (%)

 Cardiac involvement 39 (60) 50 (56) 0.6

 Renal involvement 37 (59)## 56 (62) 0.7

 Liver involvement 5 (8) 10 (11)# 0.4

 Gastrointestinal involvement 10 (15) 21 (24) 0.2

 Autonomic nervous system involvement 9 (14) 14 (16) 0.8

Multi-organ involvement 30 (47) 47 (52) 0.4

CRAB features present, n (%) 19 (29) 7 (8) 0.0005

Treatment, n (%) N=62 N=89

 ASCT based 33 (53) 64 (72) 0.03

 Bortezomib based 9 (15) 19 (21)

 Alkylator 14 (23) 6 (7)

 IMiD 4 (6) –

 None 2 (3) –

*
P-value for comparison of ASCT between two groups

Abbreviations: dFLC: difference in involved and uninvolved light chains; IQR: interquartile range; FISH: fluorescence in-situ hybridization; IMiD: 
immunomodulatory drug ; ASCT: autologous stem cell transplantation. CRAB features: hypercalcemia, renal insufficiency, anemia and lytic 
lesions

#
Data missing for 1 patient

##
Data missing for 2 patients
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Table 2

Hematologic and Organ response with treatment in patients with newly diagnosed AL

CPCs Present
N=60
N (%)

CPCs Absent
N=89
N (%)

P value

Hematologic Response

Evaluable N=36 N=67

 Complete Response 12 (33) 26 (39)

 VGPR 11 (31) 18 (27)

 Partial Response 8 (22) 15 (22)

 No response/progression 5 (14) 8 (12)

 VGPR or better rate 23 (64) 44 (65) 0.9*

Not evaluable 9 16

Not known/died before assessment 15 6

Organ Response

Cardiac response, n/N (%) 9/19 (47) 20/35 (57) 0.5

Renal response, n/N (%) 20/25 (80) 35/48 (73) 0.5

Liver response, n/N (%) 4/4 (100) 1/7 (14) 0.002

Median time to cardiac response, months (IQR) 9 (4-17) 9 (5-13) 1

Median time to renal response, months (IQR) 7 (3-14) 6 (3-12) 0.8

Median time to liver response, months (IQR) 4 (3-8) 4 (4-4) 1

*
p value for comparison of VGPR or better response

Abbreviations: VGPR: very good partial response; IQR: interquartile range
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Table 3

Multivariable analysis predicting for worse OS in patients with AL amyloidosis at diagnosis

Hazard Ratio with 95% confidence interval P value

Age at diagnosis 2.8 (0.7-11.3) 0.1

cPCs present vs. absent 2.1 (1.1-4.0) 0.03

Mayo 2012 Stage (advanced vs. early) 5.7 (2.9-11.9) <0.001

BMPCs >10% (yes vs. no) 0.97 (0.5-2.0) 0.9

Abbreviations: cPC: circulating plasma cells; BMPCs: bone marrow plasma cells

Advanced Mayo Stage= Stage 3 and 4 and Early Mayo Stage=stage 1 and 2
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