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abstract

PURPOSE High levels of circulating tumor plasma cells (CTC-high) in patients with multiple myeloma are a
marker of aggressive disease. We aimed to confirm the prognostic impact and identify a possible cutoff value of
CTC-high for the prediction of progression-free survival (PFS) and overall survival (OS), in the context of
concomitant risk features and minimal residual disease (MRD) achievement.

METHODS CTC were analyzed at diagnosis with two-tube single-platform flow cytometry (sensitivity 4 3 10–5) in
patients enrolled in the multicenter randomized FORTE clinical trial (ClinicalTrials.gov identifier:
NCT02203643). MRD was assessed by second-generation multiparameter flow cytometry (sensitivity 10–5). We
tested different cutoff values in series of multivariate (MV) Cox proportional hazards regression analyses on PFS
outcome and selected the value that maximized the Harrell’s C-statistic. We analyzed the impact of CTC on PFS
and OS in a MV analysis including baseline features and MRD negativity.

RESULTS CTC analysis was performed in 401 patients; the median follow-up was 50months (interquartile range,
45-54 months). There was a modest correlation between the percentage of CTC and bone marrow plasma cells
(r 5 0.38). We identified an optimal CTC cutoff of 0.07% (approximately 5 cells/mL, C-index 0.64). In MV
analysis, CTC-high versus CTC-low patients had significantly shorter PFS (hazard ratio, 2.61; 95% CI, 1.49 to
2.97, P, .001; 4-year PFS 38% v 69%) and OS (hazard ratio, 2.61; 95% CI, 1.49 to 4.56; P, .001; 4-year OS
68% v 92%). The CTC levels, but not the bone marrow plasma cell levels, affected the outcome. The only factor
that reduced the negative impact of CTC-high was the achievement of MRD negativity (interaction P 5 .039).

CONCLUSION In multiple myeloma, increasing levels of CTC above an optimal cutoff represent an easy-to-assess,
robust, and independent high-risk factor. The achievement of MRD negativity is the most important factor that
modulates their negative prognostic impact.

J Clin Oncol 40:3120-3131. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Despite the recent advances in the treatment of multiple
myeloma (MM), high-risk patients still experience early
relapse and short survival.1-4 Many high-risk features,
such as abnormal albumin and b2-microglobulin, ele-
vated lactate dehydrogenase (LDH),5 and cytogenetic
abnormalities (CA),6-8 have been associated with adverse
outcome in MM and combined to develop risk assess-
ment tools at diagnosis.9,10 Bone marrow plasma cell
(BMPC) infiltration is an important marker of disease
burden in monoclonal gammopathies, helping to dis-
criminate among monoclonal gammopathy of undeter-
mined significance, smoldering MM, and symptomatic

MM. Indeed, BMPC$ 60%was recently included in the
criteria for starting MM treatment, even in the absence of
traditional end-organ damage.11 Nevertheless, the
prognostic role of BMPC in patients with MM is modest,
likely because of patchy bone disease.12

Circulating tumor plasma cells (CTC) can be detected by
blood count and blood smear in the peripheral blood and
are a distinctive diagnostic feature of plasma cell leuke-
mia, a very aggressive plasma cell dyscrasia13,14 that is
defined by an amount of plasma cells (PC) $ 20% of
white blood cells (or . 2,000/mL), although evidence
supported the reduction of this threshold to 5%.15

Moreover, lower CTC levels detected with more
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sensitive techniques (ie, flow cytometry [FC]; and even without
evidence at blood smear) were associated with shorter
progression-free survival (PFS) and overall survival (OS).16-23

Most of the published studies on the prognostic role of CTC
in MM are retrospective or prospective but observational.
No data from clinical trials and large series of patients
receiving novel highly effective regimens are available, and
no cutoff has been universally recommended in clinical
practice.

Our aim was to identify an optimal CTC cutoff by multi-
parameter FC (MFC; sensitivity of 10–4) in the context of
other concomitant prognostic factors, including static
baseline features and dynamic prognostic factors (minimal
residual disease [MRD] negativity), to predict PFS in pa-
tients with newly diagnosedMM (NDMM) treated with novel
agents.

METHODS

Study Population

Weprospectively evaluated the presence of CTC at diagnosis in
patients with NDMM age , 65 years and eligible for autolo-
gous stem-cell transplantation (ASCT) enrolled in the phase II
multicenter randomized FORTE clinical trial.24 Patients were
randomly assigned at diagnosis (R1) into three arms:
carfilzomib-lenalidomide-dexamethasone (KRd)-ASCT (four
KRd induction cycles,melphalan at 200mg/m2 [MEL200] and
ASCT, and four KRd consolidation cycles); KRd12 (12 KRd
cycles); or carfilzomib-cyclophosphamide-dexamethasone
(KCd)-ASCT (four KCd induction cycles, MEL200-ASCT,
and four KCd consolidation cycles). Patients were subse-
quently randomly assigned (R2) into two maintenance arms:
carfilzomib-lenalidomide or lenalidomide until progression or
intolerance (Fig 1 and Data Supplement [Supplementary
Methods], online only). This analysis was conducted in ac-
cordance with the protocol of the UNITO-MM-01/FORTE trial

(see the Redacted Protocol, online only), which was approved
by the institutional review boards at each of the participating
centers and registered at ClinicalTrials.gov (NCT02203643).
All patients provided written informed consent before entering
the study, which was performed in accordance with the
Declaration of Helsinki and the Good Clinical Practice
guidelines.

Laboratory Analysis

CTC were assessed as a clinical trial-correlative study at di-
agnosis by two-tube single-platform FC. The first tube allowed
to select and quantify the absolute count of PC and identify
those with abnormal phenotype (likely monoclonal) by using
the antibody combination CD38PC7/CD138FITC/CD45KO/
CD56PE/CD19PB (Navios FC acquisition). To reduce the
acquisition of cellular debris and lysed red cell, a live gate
acquisition was performed. Live gate strategy consisted in
excluding all CD38-negative and CD45-negative events
(debris and red cells). Thereafter, PC were identified by
CD38/CD138 gate (CD381/CD1381), and pathologic PC by
CD19/CD56 gate (CD19-/CD561). Similarly, a second tube
with intracellular antibody combination cy-kappa-FITC/cy-
lambda-PE/CD38PE-CY7/CD138PC5.5/CD45KO/CD56APC/
CD19PB was performed to assess and confirm the CTC
clonality (Data Supplement Fig S1). The threshold for CTC
detection was defined as 20 PC events out of 500,000 events
analyzed after debris exclusion. The sensitivity in terms of
limit of detection was 10–4 (43 10–5). The minimum number
of cells analyzed was 500,000.

MRD was assessed by MFC on bone marrow (BM) samples
according to EuroFlow-based methods (eight colors, two
tubes) for sample processing and cell acquisition.25 Data
were acquired using a Navios flow cytometer and analyzed
with Kaluza software (Beckman Coulter, Brea, CA).
We aimed to acquire $ 3.5 million cells. The antibody
combination in the first tube was CD81FITC / CD27PE /

CONTEXT

Key Objective
Despite the improvement of multiple myeloma (MM) risk assessment, some patients still show dismal outcomes. Ret-

rospective and real-world studies confirmed that the detection of circulating tumor plasma cells (CTC) is a biomarker of
adverse outcome. We prospectively evaluated the presence of CTC by flow cytometry [FC] at diagnosis in patients with
MM treated with novel agents and transplant in the FORTE trial. We aimed to identify a prognostic cutoff in the context of
concomitant risk features and minimal residual disease (MRD).

Knowledge Generated
Elevated CTC, with an optimal 0.07% cutoff, were associated with shorter progression-free survival and overall survival (OS),

independently of other established risk features (International Staging System [ISS] stage, cytogenetics, and lactate
dehydrogenase levels). MRD negativity is the most important factor that modulates the adverse prognosis of CTC.

Relevance
The incorporation of CTC detected at diagnosis by FC into the standard-risk assessment improves the identification of high-

risk patients to better define treatment intensity.
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CD138PC5.5 / CD38PC7 / CD56APC / CD20APC-Alexa750 /
CD19PB / CD45KO, and the combination used in the second
tube to confirm clonality included cy-kappa-FITC / cy-lambda-
PE / CD138PC5.5 / CD38PC7 / CD56APC / CD117APC-
Alexa750 / CD19PB / CD45KO. The sensitivity was 10–5.

The CA detected by fluorescence in situ hybridization were
17p deletion [del(17p)], t(4;14), t(11;14), and t(14;16)
translocations, and 1q amplification [amp(1q)]. Details on
the monoclonal antibodies used for FC and CA are reported
in the Data Supplement (Supplementary Methods and
Table S1).

Statistical Analysis

All patients with available CTC data were included in this
analysis. The patient distribution according to CTC and the

Pearson’s correlation coefficient (r) between CTC and
BMPC as continuous variables were evaluated.

The prognostic role of CTC in terms of risk of progression or
death (PFS event) was evaluated by comparing the dis-
crimination ability (Harrell’s C-statistic) of Cox proportional
hazards regression of different models: a model with well-
known prognostic factors (International Staging System
[ISS] stage, CA, LDH, or Revised ISS [R-ISS] stage; null
model), a model with the same risk factors plus CTC, and a
model with CTC alone. CTC were modeled as linear pre-
dictor, with spline function, as log-transformed, or with
different possible cutoff values. To compare different
models, the likelihood ratio test was used for nested
models, whereas the Akaike’s information criterion was
used for non-nested models.

R1

1:1:1

CTC

evaluation

4× KRd

K: 36a mg/m2 once daily days
1-2, 8-9,15-16

R: 25 mg once daily days 1-21
d: 20 mg once daily days

1-2,8-9,15-16, 22-23

4× KRd

K: 36a mg/m2 once daily days
1-2, 8-9,15-16

R: 25 mg once daily days 1-21
d: 20 mg once daily days

1-2, 8-9,15-16, 22-23

Mobilization

4× KCd

K: 36a mg/m2 once daily days
1-2, 8-9,15-16

C: 300 mg/m2 once daily days 1, 8,15
d: 20 mg once daily days

1-2, 8-9,15-16, 22-23

MEL200-ASCT

4× KRd

K: 36 mg/m2 once daily days 1-2, 8-9,15-16
R: 25 mg once daily days 1-21

d: 20 mg once daily days
1-2, 8-9,15-16, 22-23

MEL200-ASCT

R2

1:1

Premaintenance

MRD evaluation

KR

K: 36 mg/m2 once daily days 1, 2,
15, 16 up to 2 yearsb

R: 10 mg once daily days 1-21, until
progression or

intolerance

R

R: 10 mg once daily days 1-21,
until progression or

intolerance

4× KRd

K: 36 mg/m2 once daily days
1-2, 8-9,15-16

R: 25 mg once daily days 1-21
d: 20 mg once daily days

1-2, 8-9,15-16, 22-23

4× KRd

K: 36 mg/m2 once daily days
1-2, 8-9,15-16

R: 25 mg once daily days 1-21
d: 20 mg once daily days

1-2, 8-9,15-16, 22-23

4× KCd

K: 36 mg/m2 once daily days 1-2, 8-9,15-16
C: 300 mg/m2 once daily days 1, 8,15

d: 20 mg once daily days
1-2, 8-9,15-16, 22-23

FIG 1. Design of the FORTE clinical trial. a20 mg/m2 once daily days 1-2, cycle 1 only. bCarfilzomib 70 mg/m2 once daily days 1, 15 every
28 days up to 2 years for patients who started maintenance treatment from 6 months before the approval of Amendment 5.0 onward. ASCT,
autologous stem-cell transplantation; C, cyclophosphamide; CTC, circulating tumor plasma cells; d, dexamethasone; K, carfilzomib; MEL200,
melphalan at 200 mg/m2; MRD, minimal residual disease; R, lenalidomide; R1, first random assignment (induction/intensification/con-
solidation treatment); R2, second random assignment (maintenance treatment).
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After testing models with different possible CTC cutoffs, we
selected the value (C) that maximized the Harrell’s
C-statistic. The bootstrap method was used to reduce
overfitting and, consequently, to achieve a more realistic
model performance (Data Supplement [Supplementary
Methods]) and identify the CI and standard error of the
optimal cutoff. The P value for the comparison of CTC above
versus below the cutoff was adjusted using the Bonferroni
method.

We compared baseline features (age, ISS, LDH, CA, R-ISS,
plasmacytoma, and BMPC) and response (MRD negativity)
in patients with CTC above versus below the optimal se-
lected cutoff (CTC-high v CTC-low; Data Supplement
[Supplementary Methods]).

A multivariate (MV) Cox proportional hazards regression
analysis adjusted for treatment (R1) and prognostic factors
(ISS-LDH-CA or R-ISS, plasmacytoma, and amp(1q)) was
performed to compare the impact of CTC and BMPC and to
assess the impact of CTC-high versus CTC-low on PFS and
OS and the occurrence of early relapse at 18 months.

Subgroup analyses were performed to determine the role of
CTC, using interaction terms between baseline prognostic
factors (ISS-LDH-CA) and response (MRD negativity in-
cluded as time-dependent covariate). The null hypothesis
examined with the interaction test was that the hazard ratio
(HR) of CTC-high versus CTC-low was the same in each
subgroup.

Cox proportional hazards regression models were used to
estimate HRs and 95% CIs for the main comparisons.
Landmark analyses of PFS and OS were performed with a
landmark point at 12 months from diagnosis, excluding
patients who progressed/died before that time point. The
statistical analysis was performed using R (v.4.1.0). The
data cutoff was January 7, 2021.

RESULTS

CTC Detection

We analyzed 401 patients with available baseline CTC data,
out of 474 patients enrolled in the FORTE trial. We did not
include 73 patients enrolled in the main study before the
start of this correlative study. The included study population
had baseline clinical features comparable with those of the
overall FORTE trial population and of the excluded patients
(Data Supplement Table S2). The median follow-up of this
study population was 50 months (interquartile range [IQR],
45.3-54.0 months).

CTC were detected by MFC in 269/401 (67%) patients at
diagnosis. The median CTC percentage was 0.02% (IQR
0%-0.14%), corresponding to a median absolute number
of 1.24 cells/mL (IQR 0-7.79 cells/mL). The CTC distribu-
tion in the population is shown in the Data Supplement
(Figs S2a and S2b).

A moderate correlation between CTC and BMPC was ob-
served (r 5 0.382, P , .01; Data Supplement Fig S3).
Increasing levels of CTC as a continuous value were as-
sociated with worse PFS (Data Supplement Figs S4 and
S5). The inclusion of CTC as a continuous variable in
different models incorporating traditional risk factors (ISS-
LDH-CA or R-ISS) increased their prognostic impact on PFS
(Data Supplement Tables S3a and S3b).

Optimal CTC Cutoff

We performed a Cox proportional hazards regression
analysis for PFS adjusted for established risk factors (ISS,
LDH, and CA) and identified an optimal prognostic CTC
cutoff with the highest C-index (0.64) corresponding to
0.07% (approximately five cells/mL; 95% CI, 0.02% to
0.33%, standard error 0.20%; Data Supplement Fig S6 and
Table S4). For the internal validation, the bootstrap method
was used (Data Supplement [Supplementary Methods]).
The cutoff (0.01%) selected in the companion study by the
GEM/PETHEMA cooperative study group26 (Data Supple-
ment [Supplementary Results]) had a similar prognostic
power when included in our data set (C-index 0.62). Two
populations were identified using our cutoff: patients with
CTC . 0.07% (CTC-high, n 5 130, 32%) and # 0.07%
(CTC-low, n5 271, 68%). Of note, half of CTC-low patients
(n5 132, 33% of the overall population) had undetectable
CTC with the sensitivity of 4 3 10–5. The inclusion of CTC
with the selected cutoff (either 0.07% or 0.01%), rather
than as a continuous variable, confirmed the increased
prognostic impact of the model incorporating CTC (Data
Supplement Tables S3a and S3b).

Adverse prognostic factors were significantly more frequent in
CTC-high patients (Table 1). Nevertheless, approximately
27% of patients who were considered to be at standard risk
had CTC-high (27% of patients with standard-risk cytoge-
netics, 27% with low LDH, and 27% with ISS I/II; Table 1).
Patients who were CTC-high versus CTC-low had lower rates
of MRD negativity by intention-to-treat at premaintenance
(42% v 59%, P 5 .001) and had lower rates of at least a
complete response at premaintenance (43% v 54%; P 5
.055; Table 1).

In univariate analysis, CTC-high versus CTC-low patients
had significantly shorter PFS (4-year PFS 38% [95% CI,
31% to 48%] v 69% [95% CI, 64% to 75%], HR, 2.66,
95% CI, 1.95 to 3.61, P , .001) and OS (4-year OS 68%
[95% CI, 60% to 77%] v 92% [95% CI, 88% to 95%], HR,
4.43, 95% CI, 2.67 to 7.35, P , .001; Figs 2A and 2B).
No significant differences in terms of PFS and OS were
observed in patients with undetectable versus detectable
CTC-low (Data Supplement Fig S7). The performance of the
cutoff value selected in the companion study (0.01%)26

was confirmed in our data set (PFS: HR, 1.76, 95% CI,
1.26 to 2.47, P, .001; OS: HR, 2.3, 95% CI, 1.29 to 4.09,
P , .005; Data Supplement Fig S8).
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Comprehensive Risk Assessment: CTC, Baseline Risk

Features, Depth of Response, and Treatment

In the MV analysis including CTC and BMPC as continuous
variables, only the former were predictive of both PFS and
OS (Data Supplement Table S5).

In the MV analysis including baseline features and therapy
(Table 2), CTC-high was one of themost significant features
associated with shorter PFS (HR, 2.11, 95% CI, 1.49 to
2.97, P, .001), together with high LDH (HR, 2.22, 95%CI,
1.48 to 3.33, P , .001) and amp(1q) (HR, 2.03, 95% CI,
1.42 to 2.91, P, .001). CTC-high was one of the strongest
factors independently associated with lower OS (HR, 2.61,
95% CI, 1.49 to 4.56, P, .001), along with high LDH (HR,
4.77, 95% CI, 2.77 to 8.19, P, .001), amp(1q) (HR, 1.94,
95% CI, 1.06 to 3.54, P 5 .030), and high-risk CA (HR,
2.53, 95% CI, 1.43 to 4.48, P5 .001). Similarly, the cutoff
value of 0.01% proposed by the companion study26 con-
firmed that CTC-high was an independent prognostic factor
(Data Supplement Table S6). Additionally, CTC showed a
prognostic impact on the identification of patients at high
risk for early relapse (Data Supplement Tables S7 and S8).

The achievement of MRD negativity before maintenance
significantly reduced the risk of both progression/death and
death, regardless of the treatment received at R1 (Table 2).

CTC-high maintained its prognostic impact on PFS and OS
in all baseline risk subgroups (Figs 3A and 3B). Indeed,
patients with CTC-high plus another baseline high-risk
feature (high-risk CA, elevated LDH, or amp(1q)) had an
even worse survival (Data Supplement Figs S9a-f). To
consider the importance of each risk factor, we developed a
prognostic nomogram including CTC value and established
risk features to estimate PFS. For the sake of accuracy, a
calibration plot with graphical comparisons between ex-
pected and observed PFS rates was also included (Data
Supplement Figs S10 and S11).

The combined evaluation of CTC and R-ISS stage improved
the prognostic assessment, especially in the large, but
conceivably heterogeneous, R-ISS II group: patients with
R-ISS II and CTC-high had PFS and OS rates similar to
those in R-ISS III patients (Data Supplement Fig S12).

The only factor interfering with the prognostic impact of
CTC levels on PFS was the achievement of MRD negativity
(PFS: interaction P 5 .039). In the OS analysis, MRD-
negative versus MRD-positive patients showed a better HR
(1.63 [95%CI, 0.63 to 4.19] v 2.89 [95%CI, 1.50 to 5.57]),
but the P value for interaction was not significant (P5 .311;
Figs 3A and 3B), potentially because of the low number of
events in the OS analysis or because of an impact of
outcome after relapse.

The combined evaluation of baseline CTC and pre-
maintenanceMRD status in a landmark analysis at 12months
from diagnosis showed that CTC-low MRD-negative patients

TABLE 1. Baseline Features and Response to Therapy in PatientsWith
CTC-Low Versus CTC-High

Feature/Response

CTC-Low
(£ 0.07%),
No. (%)

CTC-High
(> 0.07%),
No. (%) P

Total 271 (68) 130 (32)

ISS

I 165 (61) 38 (29) , .001

II 72 (27) 52 (40)

III 34 (13) 40 (31)

CAa

Standard risk 164 (74) 65 (53) , .001

High riskb 57 (26) 58 (47)

Missing 50 7

del(17p) 25 (11) 26 (21) .017

Missing 50 7

t(4;14) 30 (14) 28 (23) .035

Missing 49 7

t(14;16) 6 (3) 13 (11) .005

Missing 49 8

amp(1q) 90 (41) 71 (59) .002

Missing 52 9

t(11;14) 43 (20) 33 (27) .10

Missing 51 9

LDH higha 20 (8) 31 (25) , .001

Missing 6 5

R-ISSa

I 89 (40) 15 (12) , .001

II 124 (55) 85 (69)

III 12 (5) 24 (19)

Missing 46 6

BMPC (. 60%) 70 (26) 67 (52) , .001

Plasmacytomac 49 (18) 15 (12) .109

Premaintenance $ VGPR 234 (86) 103 (79) .080

Premaintenance $ CR 145 (54) 56 (43) .055

Premaintenance ITT
MRD negativity

160 (59) 54 (42) .001

Abbreviations: amp, amplification; BMPC, bone marrow plasma
cells; CA, cytogenetic abnormalities; CR, complete response; CT,
computed tomography; CTC, circulating tumor plasma cells; CTC-
high, CTC . 0.07%; CTC-low, CTC # 0.07%; del, deletion; ISS,
International Staging System; ITT, intention-to-treat; LDH, lactate
dehydrogenase; MRD, minimal residual disease; MRI, magnetic
resonance imaging; R-ISS, Revised ISS; t, translocation; VGPR,
very good partial response.

aCA, high LDH levels, and R-ISS stage show the percentage of
evaluable patients.

bHigh-risk CA: high risk was defined as the presence of either
del(17p), t(4;14), or t(14;16).

cEvaluated by clinical assessment, CT scan, or MRI in patients
with clinically suspected extramedullary disease.
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had the best prognosis (4-year PFS from diagnosis 78%,
95% CI, 71% to 85%; 4-year OS from diagnosis 96%,
95% CI, 93% to 99%), whereas CTC-high MRD-positive
patients had a dismal outcome (4-year PFS 37%, 95%
CI, 25% to 54%; 4-year OS 66%, 95% CI, 55% to 79%).
Interestingly, CTC-high MRD-negative patients (4-year
PFS 62%, 95% CI, 50% to 77%; 4-year OS 88%, 95%
CI, 79% to 98%) and CTC-low MRD-positive patients
(4-year PFS 67%, 95% CI, 58% to 79%; 4-year OS 89%,

95% CI, 83% to 96%) showed similar survival rates
(Figs 4A and 4B).

We then investigated whether the more intensive ther-
apeutic approach could improve survival in CTC-high
patients. Despite the overall adverse outcome observed
in CTC-high patients, treatment with KRd-ASCT led to an
increase in PFS, compared with KRd12 and KCd-ASCT
(4-year PFS: 58% with KRd-ASCT v 29% with KCd-ASCT
v 34% with KRd12; Data Supplement Fig S13).

A
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0.50

0.75

1.00

0 10 20 30 40 50 60

PF
S

CTC-low

CTC-high

271 (0) 251 (6) 227 (10) 210 (13) 183 (21) 94 (99) 2 (186)CTC-low

130 (0) 105 (1) 86 (1) 67 (1) 54 (3) 31 (19) 0 (49)CTC-high

Time (months)
No. at risk (censored):

CTC-high v CTC-low: HR = 2.66 (95% CI, 1.95 to 3.61), P < .001

B

CTC-low

CTC-high

No. at risk (censored):

0.25

0.50

0.75

1.00

0 10 20 30 40 50 60

OS

271 (0) 260 (6) 250 (14) 239 (18) 220 (32) 123 (127) 2 (246)CTC-low

130 (0) 118 (1) 106 (2) 96 (3) 88 (9) 49 (40) 1 (86)CTC-high

Time (months)

CTC-high v CTC-low: HR = 4.43 (95% CI, 2.67 to 7.35), P < .001

FIG 2. Kaplan-Meier estimates of (A) PFS and (B) OS according to CTC cutoff discriminating CTC-high and CTC-
low patients (. 0.07% v # 0.07%). CTC, circulating tumor plasma cells; CTC-high, CTC . 0.07%; CTC-low,
CTC # 0.07%; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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DISCUSSION

In the past years, disease risk assessment in MM has
greatly improved, because of the introduction of the
R-ISS (including ISS, LDH, and high-risk CA),5,9,10 the
discovery of other specific CA8 and, more recently, the
development of complex genomic and gene expression
analyses.27-29 Nevertheless, some patients show dismal
outcomes even without these high-risk features.30 In this
study, we demonstrated that the presence of high levels
of MM cells in the peripheral blood (ie, CTC) is a strong
and independent prognostic factor, in accordance with
previously reported findings.16-22

The biological function of MM cells in the bloodstream has
been actively investigated, although it remains a matter of
debate. CTC showed the ability to give rise to other BM lesions,
similarly to metastatic cancer cells, displaying a more prolif-
erative potential when cocultured with BM stromal cells,
compared with BMPC.31 Besides, CTC, as well as cell-free
DNA, display a genomic landscape similar to that of
BMPC,32-36 thus paving the way to a liquid biopsy ap-
proach to track the clonal evolution of the disease.32,35

Some open issues hinder the inclusion of CTC detection and
quantification in the routine risk assessment at baseline: the
absence of standardized methods and cutoff and the pres-
ence of evidence coming mainly from retrospective studies,
without clean data from clinical trials including more attractive
therapies.

In our analysis, we prospectively evaluated CTC by MFC
(sensitivity of 4 3 10–5) in the context of established
static baseline and dynamic prognostic factors (namely MRD)

in patients enrolled in the FORTE trial. We first confirmed the
prognostic impact of CTC as a continuous variable, showing
how their inclusion in a prognostic model with classic risk
factors (ISS, cytogenetics, and LDH) led to a slight, but sta-
tistically significant, increase in predictive power. To create a
simple prognostic tool, we proposed an optimal CTC cutoff
(0.07%) to be used in clinical practice (similar to the 0.01%
cutoff in the companion study),26 which identified a CTC-high
population with poor outcome (HR for progression/death 2.11
and HR for death 2.61). Of note, the use of CTC as a cutoff
value did not reduce its prognostic impact, compared with its
use as a continuous variable. To our knowledge, our con-
tribution and its companion article26 are the first studies in the
field using MV analysis with internal validation for the cutoff
identification.

Furthermore, CTC evaluation supported the correct clas-
sification of those patients who would otherwise have been
misclassified as standard-risk patients: one of four (27%)
presented with elevated CTC. Moreover, survival curves
confirmed that CTC levels affected the outcome in patients
with both standard-risk and high-risk features (Data Sup-
plement Fig S9a). Additionally, elevated CTC seemed to be
a strong predictor of early relapse, a hallmark of dismal
outcome.

Currently, the R-ISS is widely accepted as a risk stratifi-
cation system, but it is limited by the vast and heteroge-
neous population classified as R-ISS stage II. Two studies
showed how the integration of CTC into the R-ISS could
better define the prognosis of this subset of patients,37,38

and this was confirmed in our analysis. In an attempt to
improve the current scoring systems and better predict

TABLE 2. Multivariable Cox Proportional Hazards Regression Analysis for PFS and OS

Covariate

PFS OS

HR (95% CI) P HR (95% CI) P

CTC cutoff

CTC-high v CTC-low 2.11 (1.49 to 2.97) , .001 2.61 (1.49 to 4.56) , .001

ISS

II/III v I 1.04 (0.74 to 1.46) .812 1.08 (0.62 to 1.87) .792

LDH

High v low 2.22 (1.48 to 3.33) , .001 4.77 (2.77 to 8.19) , .001

CA

High riska v standard risk 1.33 (0.93 to 1.90) .123 2.53 (1.43 to 4.48) .001

amp(1q)

Yes v no 2.03 (1.42 to 2.91) , .001 1.94 (1.06 to 3.54) .030

Depth of response

MRD NEG v POSb 0.53 (0.37 to 0.75) , .001 0.41 (0.23 to 0.73) .002

Abbreviations: amp, amplification; CA, cytogenetic abnormalities; CTC, circulating tumor plasma cells; CTC-high, CTC. 0.07%; CTC-low, CTC# 0.07%;
del, deletion; HR, hazard ratio; ISS, International Staging System; ITT, intention-to-treat; LDH, lactate dehydrogenase; MFC, multiparameter flow cytometry;
MRD, minimal residual disease; NEG, negativity; OS, overall survival; PFS, progression-free survival; POS, positivity; t, translocation.

aHigh-risk CA: high risk was defined as the presence of either del(17p), t(4;14), or t(14;16).
bPremaintenance ITT MRD by MFC (sensitivity of 10–5).
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PFS, we also developed a nomogram including the actual
value of CTC and traditional features for risk assessment.

In our study, the achievement of BM MRD negativity was
the only factor that modulated and partially abrogated
the bad prognosis associated with CTC-high. This may

be explained by several hypotheses, such as focal
extramedullary residual disease not detected by BM
MRD or low BM MRD sensitivity (10–5). Our study has
some limitations: a routine assessment of extra-
medullary disease was not performed at diagnosis;

A

10.72 6.74

2.11 (1.49 to 2.97)Overall

ISS
I 2.23 (1.33 to 3.75) .7749

II/III 2.02 (1.30 to 3.14)

CA
Standard risk 2.01 (1.26 to 3.20) .9727

High risk
a

2.04 (1.19 to 3.48)

LDH
Low 1.88 (1.28 to 2.76) .3098

High 2.98 (1.31 to 6.74)

amp(1q)
No 1.60 (0.91 to 2.80) .3318

Yes 2.26 (1.44 to 3.56)

MRD
Positivity 2.54 (1.69 to 3.83) .0393

Negativity 1.26 (0.72 to 2.22)

HR (95% CI)Group Interaction P

Favors CTC-high Favors CTC-low

B

0.63 1 8.39

2.61 (1.49 to 4.56)Overall

ISS
I 2.91 (1.24 to  6.84) .7406

II/III 2.42 (1.19 to 4.91)

CA
Standard risk 2.40 (1.01 to 5.75) .7788

High risk
a

2.84 (1.31 to 6.14)

LDH
Low 2.56 (1.30 to 5.04) .7603

High 3.08 (1.13 to 8.39)

amp(1q)
No 1.87 (0.71 to 4.92) .368

Yes 3.24 (1.55 to 6.77)

MRD
Positivity 2.89 (1.50 to 5.57) .3112

Negativity 1.63 (0.63 to 4.19)

HR (95% CI)Group Interaction P

Favors CTC-high Favors CTC-low

FIG 3. Subgroup analysis of (A) PFS according to CTC-high versus CTC-low (. 0.07 v # 0.07%) and (B) OS
according to CTC-high versus CTC-low (. 0.07 v# 0.07%). aHigh-risk CA: high risk was defined as the presence
of either del(17p), t(4;14), or t(14;16). amp, amplification; CA, cytogenetic abnormalities; CTC, circulating tumor
plasma cells; CTC-high, CTC. 0.07%; CTC-low, CTC# 0.07%; del, deletion; HR, hazard ratio; ISS, International
Staging System; LDH, lactate dehydrogenase; MRD, minimal residual disease; OS, overall survival; PFS,
progression-free survival; t, translocation.
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imaging MRD by positron emission tomography-
computed tomography was performed only in a sub-
group of patients and was not included in this analysis39;
and, finally, a serial longitudinal detection of CTC after
therapy was not performed, whereas it could have been
complementary to BM MRD detection.40,41

Along with the introduction of more effective therapies, the
identification of high-risk patients becomes essential to cor-
rectly determine therapeutic intensity. Indeed, a recent meta-
analysis showed that the inclusion of daratumumab in the first-
line setting improved outcome in standard-risk, but not in high-
risk, patients.42 Thus, more intensive regimens are strongly
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Time (months)
No. at risk (censored):
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PF

S

P < .001
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91 (0) 91 (0) 82 (2) 72 (5) 62 (8) 24 (39) 0 (61)CTC-low—MRD POS

51 (0) 51 (0) 47 (0) 39 (0) 33 (2) 20 (12) 0 (32)CTC-high—MRD NEG

48 (0) 48 (0) 39 (0) 28 (0) 21 (0) 11 (6) 0 (16)CTC-high—MRD POS

B
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No. at risk (censored):
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P < .001

157 (0) 157 (0) 155 (2) 150 (3) 139 (12) 83 (68) 2 (147)CTC-low—MRD NEG

100 (0) 100 (0) 95 (4) 89 (7) 81 (12) 40 (51) 0 (91)CTC-low—MRD POS

53 (0) 53 (0) 52 (0) 49 (0) 44 (5) 26 (20) 0 (44)CTC-high—MRD NEG

62 (0) 62 (0) 54 (1) 47 (2) 44 (3) 23 (19) 1 (41)CTC-high—MRD POS
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FIG 4. Kaplan-Meier estimates of (A) PFS and (B) OS according to CTC status at baseline and the achievement
of premaintenance MRD negativity. CTC, circulating tumor plasma cells; CTC-high, CTC . 0.07%; CTC-low,
CTC # 0.07%; MRD, minimal residual disease; NEG, negativity; OS, overall survival; PFS, progression-free
survival; POS, positivity.

3128 © 2022 by American Society of Clinical Oncology Volume 40, Issue 27

Bertamini et al

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 U
ni

ve
rs

ita
 S

tu
di

 D
i P

ad
ov

a 
on

 J
an

ua
ry

 2
4,

 2
02

5 
fr

om
 1

47
.1

62
.0

36
.0

50
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



needed to treat high-risk patients; in this setting, preliminary
results from the GMMG-CONCEPT trial (exploring isatuximab-
KRdplusASCT) andOPTIMUM/MUKnine trial (daratumumab-
cyclophosphamide-bortezomib-lenalidomide-dexamethasone
plus ASCT) reported amazing response rates and encouraging
PFS rates.43,44 In this light, we showed that a more intensive
regimen with KRd-ASCT, compared with KRd12 and KCd-
ASCT, led to better PFS rates in CTC-high patients. This was
similarly reported for other established high-risk features.45

Recently, the International Myeloma Working Group
updated and reduced from 20% to 5% the cutoff for the
diagnosis of plasma cell leukemia.46 Our study and its
companion26 showed that a lower threshold for the definition
of high CTC levels by FC (0.01%-0.07%, ie, 100 times lower
than 5%) was associated with a poor prognosis. Moreover,
the two research groups reproduced each other’s findings
in the context of two important prospective trials including
highly effective modern drug combinations (ie, proteasome
inhibitors, immunomodulatory drugs, ASCT, and mainte-
nance), and the slight difference between the two cutoffs
was likely because of differences in patient treatment
(carfilzomib-based v bortezomib-based), in the FC sensi-
tivity, and, probably, in the number of patients with high
CTC levels. Indeed, the proportion of patients with

undetectable CTC was higher in our data set than in the
companion data set (33% v 8%), likely because of the
lower sensitivity (43 10–5) compared with next-generation
flow (2 3 10–6). Nonetheless, a second-generation flow
method, as in our analysis, may be widely implemented,
while next-generation flow (which will become the pre-
ferred technique in the future) is not currently performed in
routine clinical practice because of its high cost and time-
consuming technology.

In conclusion, the presence of high CTC levels assessed by
a simple and widely available FC is one of the most
prognostic baseline features and is partially modulated by
the achievement of MRD negativity following highly ef-
fective anti-MM treatment.

We believe that these data can open the way to the incor-
poration of CTC into a wider clinical use for the routine di-
agnosis of patients with MM. Future analyses of larger cohorts
(including transplant-ineligible patients, patients treated with
anti-CD38 monoclonal antibodies, and real-life patients) will
help overcome the differences between our study and its
companion study, to identify a definitive cutoff. This will be the
next step for the implementation of CTC in comprehensive
staging systems and risk-adapted therapeutic approaches.
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Città della Salute e della Scienza di Torino, Torino, Italy
2Multidisciplinary Oncology Outpatient Clinic, Candiolo Cancer Institute,
FPO – IRCCS, Torino, Italy
3Division of Hematology, ASST Papa Giovanni XXIII, Bergamo, Italy
4Clinica di Ematologia, AOU Ospedali Riuniti di Ancona, Ancona, Italy
5Hematology and Bone Marrow Transplant Unit, Fondazione IRCCS
Istituto Nazionale dei Tumori di Milano, University of Milan, Milan, Italy
6Ematologia/CTMO, Ospedale “A. Businco,” Cagliari, Italy
7Hematology Unit, AO of Cosenza, Cosenza, Italy
8Ematologia, Azienda Sanitaria Universitaria Giuliano Isontina, Trieste,
Italy
9Hematology and Stem Cell Transplantation Unit, IRCCS Centro di
Riferimento Oncologico della Basilicata, Rionero in Vulture, Italy
10UOC Ematologia, Ospedale dell’Angelo, Venezia Mestre, Italy
11Hematology Unit, Infermi Hospital, Rimini, Italy
12Unit of Hematology and Stem Cell Transplantation, AOUC Policlinico,
Bari, Italy
13UOC Ematologia e Terapia cellulare, Ospedale C. e G. Mazzoni, Ascoli
Piceno, Italy
14Hematology and Stem Cell Transplant Unit, IRCCS Regina Elena
National Cancer Institute, Rome, Italy
15Unit of Hematology, Stem Cell Transplantation, University Campus Bio-
Medico, Rome, Italy
16SC Ematologia, Azienda Ospedaliera SS. Antonio e Biagio e Cesare
Arrigo, Alessandria, Italy
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Torino (Italy), Department of Molecular Biotechnology and Health Sciences.
Amgen and Celgene/Bristol Myers Squibb provided an unrestricted grant to

Journal of Clinical Oncology 3129

Circulating Plasma Cells in Transplant-Eligible Patients With NDMM

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 U
ni

ve
rs

ita
 S

tu
di

 D
i P

ad
ov

a 
on

 J
an

ua
ry

 2
4,

 2
02

5 
fr

om
 1

47
.1

62
.0

36
.0

50
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

mailto:francesca.gay@unito.it


conduct the trial, but had no role in the study design, data collection, data
analysis, data interpretation, writing of the report, or publication of this
contribution. All authors had access to all the data reported in this analysis and
had final responsibility for the decision to submit this manuscript for
publication.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST
Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JCO.21.01393.

DATA SHARING STATEMENT
After the publication of this article, data collected for this analysis and related
documents will be made available to others upon reasonably justified request,
which needs to be written and addressed to the attention of the corresponding
author Dr Francesca Gay at the following e-mail address: francesca.gay@
unito.it. The sponsor of the trial, the University of Torino (Italy), via the
corresponding author Dr Francesca Gay, is responsible to evaluate and
eventually accept or refuse every request to disclose data and their related
documents, in compliance with the ethical approval conditions, in compliance
with applicable laws and regulations, and in conformancewith the agreements
in place with the involved subjects, the participating institutions, and all the
other parties directly or indirectly involved in the participation, conduct,
development, management, and evaluation of this analysis.

AUTHOR CONTRIBUTIONS
Conception and design: Luca Bertamini, Stefania Oliva, Mario Boccadoro,
Francesca Gay
Provision of study materials or patients: Delia Rota-Scalabrini, Laura Paris,
Paolo Corradini, Giovanni De Sabbata, Giuseppe Pietrantuono, Anna

Pascarella, Patrizia Tosi, Paola Curci, Milena Gilestro, Federico Monaco,
Anna Marina Liberati, Salvatore Palmieri, Mario Luppi, Renato Zambello,
Pellegrino Musto
Collection and assembly of data: Luca Bertamini, Stefania Oliva, Delia Rota-
Scalabrini, Sonia Morè, Paolo Corradini, Antonio Ledda, Massimo Gentile,
Giovanni De Sabbata, Giuseppe Pietrantuono, Anna Pascarella, Paola Curci,
Milena Gilestro, Piero Galieni, Francesco Pisani, Ombretta Annibali, Federico
Monaco, Anna Marina Liberati, Salvatore Palmieri, Mario Luppi, Renato
Zambello, Francesca Fazio, Angelo Belotti, Paola Tacchetti, PellegrinoMusto,
Francesca Gay
Data analysis and interpretation: Luca Bertamini, Stefania Oliva, Laura
Paris, Patrizia Tosi, Milena Gilestro, Andrea Capra, Anna Marina Liberati,
Mario Luppi, Renato Zambello, Francesca Fazio, Francesca Gay
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT
The authors wish to thank all the study participants and referring
clinicians for their valuable contributions; the nurses Ornella Tresoldi and
Tiziana Zezza; the data managers Debora Caldarazzo and Alessia
Gribaudi; and Ugo Panzani from the Torino site. The authors are grateful
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12. Paiva B, Vidriales MB, Pérez JJ, et al: Multiparameter flow cytometry quantification of bone marrow plasma cells at diagnosis provides more prognostic
information than morphological assessment in myeloma patients. Haematologica 94:1599-1602, 2009

13. Fernández De Larrea C, Kyle RA, Durie BGM, et al: Plasma cell leukemia: Consensus statement on diagnostic requirements, response criteria and treatment
recommendations by the International Myeloma Working Group. Leukemia 27:780-791, 2013

14. Mina R, Joseph NS, Kaufman JL, et al: Survival outcomes of patients with primary plasma cell leukemia (pPCL) treated with novel agents. Cancer 125:416-423,
2019

15. Granell M, Calvo X, Garcia-Guiñón A, et al: Prognostic impact of circulating plasma cells in patients withmultiple myeloma: Implications for plasma cell leukemia
definition. Haematologica 102:1099-1104, 2017

16. Nowakowski GS, Witzig TE, Dingli D, et al: Circulating plasma cells detected by flow cytometry as a predictor of survival in 302 patients with newly diagnosed
multiple myeloma. Blood 106:2276-2279, 2005

3130 © 2022 by American Society of Clinical Oncology Volume 40, Issue 27

Bertamini et al

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 U
ni

ve
rs

ita
 S

tu
di

 D
i P

ad
ov

a 
on

 J
an

ua
ry

 2
4,

 2
02

5 
fr

om
 1

47
.1

62
.0

36
.0

50
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

https://ascopubs.org/doi/full/10.1200/jco.21.01393
mailto:francesca.gay@unito.it
mailto:francesca.gay@unito.it


17. Dingli D, Nowakowski GS, Dispenzieri A, et al: Flow cytometric detection of circulating myeloma cells before transplantation in patients with multiple myeloma: A
simple risk stratification system. Blood 107:3384-3388, 2006

18. Gonsalves WI, Morice WG, Rajkumar V, et al: Quantification of clonal circulating plasma cells in relapsed multiple myeloma. Br J Haematol 167:500-505, 2014

19. Chakraborty R, Muchtar E, Kumar SK, et al: Risk stratification in myeloma by detection of circulating plasma cells prior to autologous stem cell transplantation in
the novel agent era. Blood Cancer J 6:e512, 2016

20. Vagnoni D, Travaglini F, Pezzoni V, et al: Circulating plasma cells in newly diagnosed symptomatic multiple myeloma as a possible prognostic marker for
patients with standard-risk cytogenetics. Br J Haematol 170:523-531, 2015

21. Cowan AJ, Stevenson PA, Libby EN, et al: Circulating plasma cells at the time of collection of autologous PBSC for transplant in multiple myeloma patients is a
negative prognostic factor even in the age of post-transplant maintenance therapy. Biol Blood Marrow Transpl 24:1386-1391, 2018

22. Peceliunas V, Janiulioniene A, Matuzeviciene R, et al: Circulating plasma cells predict the outcome of relapsed or refractory multiple myeloma. Leuk Lymphoma
53:641-647, 2012

23. Li J, Wang N, Tesfaluul N, et al: Prognostic value of circulating plasma cells in patients with multiple myeloma: A meta-analysis. PLoS One 12:e0181447, 2017

24. Gay F, Musto P, Rota-Scalabrini D, et al: Carfilzomib with cyclophosphamide and dexamethasone or lenalidomide and dexamethasone plus autologous
transplantation or carfilzomib plus lenalidomide and dexamethasone, followed by maintenance with carfilzomib plus lenalidomide or lenalidomide alone for
patients with newly diagnosed multiple myeloma (FORTE): A randomised, open-label, phase 2 trial. Lancet Oncol 22:1705-1720, 2021

25. Flores-Montero J, de Tute R, Paiva B, et al: Immunophenotype of normal vs. myeloma plasma cells: Toward antibody panel specifications for MRD detection in
multiple myeloma. Cytometry B Clin Cytom 90:61-72, 2016

26. Garcés J-J, Cedena M-T, Puig N, et al: Circulating tumor cells for the staging of patients with newly diagnosed transplant-eligible multiple myeloma. J Clin Oncol
40:3151-3161, 2022

27. Walker BA, Mavrommatis K, Wardell CP, et al: A high-risk, double-hit, group of newly diagnosed myeloma identified by genomic analysis. Leukemia 33:
159-170, 2019

28. Broyl A, Hose D, Lokhorst H, et al: Gene expression profiling for molecular classification of multiple myeloma in newly diagnosed patients. Blood 116:
2543-2553, 2010

29. van Beers EH, van Vliet MH, Kuiper R, et al: Prognostic validation of SKY92 and its combination with ISS in an independent cohort of patients with multiple
myeloma. Clin Lymphoma Myeloma Leuk 17:555-562, 2017

30. Bygrave C, Pawlyn C, Davies F, et al: Early relapse after high-dosemelphalan autologous stem cell transplant predicts inferior survival and is associated with high
disease burden and genetically high-risk disease in multiple myeloma. Br J Haematol 193:551-555, 2021

31. Paiva B, Paino T, Sayagues JM, et al: Detailed characterization of multiple myeloma circulating tumor cells shows unique phenotypic, cytogenetic, functional,
and circadian distribution profile. Blood 122:3591-3598, 2013

32. Mishima Y, Paiva B, Shi J, et al: The mutational landscape of circulating tumor cells in multiple myeloma. Cell Rep 19:218-224, 2017

33. Garcés J-J, Simicek M, Vicari M, et al: Transcriptional profiling of circulating tumor cells in multiple myeloma: A new model to understand disease dis-
semination. Leukemia 34:589-603, 2020

34. Garcés J-J, Bretones G, Burgos L, et al: Circulating tumor cells for comprehensive and multiregional non-invasive genetic characterization of multiple myeloma.
Leukemia 34:3007-3018, 2020

35. Lohr JG, Kim S, Gould J, et al: Genetic interrogation of circulating multiple myeloma cells at single-cell resolution. Sci Transl Med 8:363ra147, 2016

36. Manier S, Park J, Capelletti M, et al: Whole-exome sequencing of cell-free DNA and circulating tumor cells in multiple myeloma. Nat Commun 9:1691, 2018

37. Galieni P, Travaglini F, Vagnoni D, et al: The detection of circulating plasma cells may improve the Revised International Staging System (R-ISS) risk stratification
of patients with newly diagnosed multiple myeloma. Br J Haematol 193:542-550, 2021

38. Gonsalves WI, Jevremovic D, Nandakumar B, et al: Enhancing the R-ISS classification of newly diagnosed multiple myeloma by quantifying circulating clonal
plasma cells. Am J Hematol 95:310-315, 2020

39. Zamagni E, Nanni C, Gay F, et al: MRD evaluation by PET/CT according to Deauville criteria combined with bone marrow techniques in newly diagnosed
transplant eligible multiple myeloma patients enrolled in the phase II FORTE trial. HemaSphere 4:60, 2020 (abstr S207, EHA 2020 25th Congress)

40. Sanoja-Flores L, Flores-Montero J, Puig N, et al: Blood monitoring of circulating tumor plasma cells by next generation flow in multiple myeloma after therapy.
Blood 134:2218-2222, 2019

41. Chakraborty R, Muchtar E, Kumar SK, et al: Serial measurements of circulating plasma cells before and after induction therapy have an independent prognostic
impact in patients with multiple myeloma undergoing upfront autologous transplantation. Haematologica 102:1439-1445, 2017

42. Premkumar V, Pan S, Lentzsch S, et al: Use of daratumumab in high risk multiple myeloma: A meta-analysis. eJHaem 1:267-271, 2020

43. Leypoldt L, Besemer B, Asemissen AM, et al: Updated interim analysis of the GMMG-CONCEPT trial investigating isatuximab, carfilzomib, lenalidomide, and
dexamethasone (Isa-KRd) in front-line treatment of high-risk multiple myeloma. HemaSphere 5:47, 2021 (abstr S183, EHA 2021 26th Congress)

44. Kaiser MF, Hall A, Walker K, et al: Depth of response and minimal residual disease status in ultra high-risk multiple myeloma and plasma cell leukemia treated
with daratumumab, bortezomib, lenalidomide, cyclophosphamide and dexamethasone (Dara-CVRd): Results of the UK optimum/MUKnine trial. J Clin Oncol
39, 2021 (suppl 15; abstr 8001)

45. Mina R, Zamagni E, Fazio F, et al: Efficacy of carfilzomib-based induction/consolidation with or without autologous transplant and lenalidomide or carfilzomib-
lenalidomide maintenance in high-risk patients in the FORTE trial. HemaSphere 5:46-47, 2021 (abstr S182, EHA 2021 26th Congress)

46. Fernández de Larrea C, Kyle R, Rosiñol L, et al: Primary plasma cell leukemia: Consensus definition by the International Myeloma Working Group according to
peripheral blood plasma cell percentage. Blood Cancer J 11:192, 2021

n n n

Journal of Clinical Oncology 3131

Circulating Plasma Cells in Transplant-Eligible Patients With NDMM

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 U
ni

ve
rs

ita
 S

tu
di

 D
i P

ad
ov

a 
on

 J
an

ua
ry

 2
4,

 2
02

5 
fr

om
 1

47
.1

62
.0

36
.0

50
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

High Levels of Circulating Tumor PC as a Key Hallmark of Aggressive Disease in Transplant-Eligible Patients With NDMM

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless otherwise noted.
Relationships are self-held unless noted. I5 Immediate Family Member, Inst5My Institution. Relationships may not relate to the subject matter of this manuscript.
For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open Payments).

Stefania Oliva

Honoraria: Amgen, Celgene/Bristol Myers Squibb, Janssen
Consulting or Advisory Role: Adaptive Biotechnologies, Janssen, Amgen,
Takeda

Laura Paris

Honoraria: Celgene/Bristol Myers Squibb, Takeda, Amgen, Janssen Oncology
Consulting or Advisory Role: Celgene/Bristol Myers Squibb, Amgen, Janssen
Oncology
Travel, Accommodations, Expenses: Celgene/Bristol Myers Squibb, Janssen
Oncology, Takeda

Paolo Corradini

Honoraria: AbbVie, Amgen, Celgene, Daiichi Sankyo, Gilead Sciences, Kite, a
Gilead company, Janssen, KiowaKirin, Novartis, Roche, Sanofi, Takeda
Consulting or Advisory Role: AbbVie, Amgen, Celgene, Daiichi Sankyo, Gilead
Sciences, Incyte, Janssen, Jazz Pharmaceuticals, Kite/Gilead, KiowaKirin,
Novartis, Roche, Sanofi, Takeda, Nerviano Medical Sciences
Travel, Accommodations, Expenses: AbbVie, Celgene, Gilead Sciences,
Janssen, Kite, a Gilead company, Novartis, Takeda

Federico Monaco

Honoraria: Takeda, Amgen
Consulting or Advisory Role: Takeda, Amgen, GlaxoSmithKline

Anna Marina Liberati

Consulting or Advisory Role: Servier
Research Funding: Novartis (Inst), Janssen-Cilag (Inst), AbbVie (Inst), Roche
(Inst), Amgen (Inst), Sanofi (Inst), Celgene (Inst), Bristol Myers Squibb (Inst),
Takeda (Inst), Incyte (Inst), Beigene (Inst), Oncopeptides (Inst), Verastem (Inst),
Karyopharm Therapeutics (Inst), Archigen Biotech (Inst), Debiopharm Group
(Inst), MorphoSys (Inst), FibroGen (Inst), Onconova Therapeutics (Inst)
Travel, Accommodations, Expenses: Bristol Myers Squibb, Sanofi, Takeda,
Roche, Celgene, Novartis, AbbVie, IQVIA, Verastem

Salvatore Palmieri

Honoraria: Amgen, Celgene/Bristol Myers Squibb, Janssen, Sanofi, Takeda
Consulting or Advisory Role: Celgene/Bristol Myers Squibb, Amgen

Mario Luppi

Honoraria: Gilead Sciences, Daiichi Sankyo/Lilly, AbbVie, MSD, Novartis, Jazz
Pharmaceuticals, Sanofi
Travel, Accommodations, Expenses: Gilead Sciences

Renato Zambello

Consulting or Advisory Role: Celgene, Janssen, GlaxoSmithKline, Takeda,
Amgen

Francesca Fazio

Honoraria: Janssen Oncology

Angelo Belotti

Consulting or Advisory Role: Amgen, Celgene, GlaxoSmithKline, Janssen
Oncology, Takeda

Paola Tacchetti

Honoraria: Janssen-Cilag, Amgen, Takeda, Oncopeptides, AbbVie,
GlaxoSmithKline, Sanofi, Bristol Myers Squibb/Celgene
Consulting or Advisory Role: Amgen, Takeda, Janssen-Cilag, Bristol Myers
Squibb/Celgene, Sanofi
Travel, Accommodations, Expenses: Janssen-Cilag, Celgene, Amgen, Sanofi

Pellegrino Musto

Honoraria: Celgene/Bristol Myers Squibb, Janssen, Amgen, Sanofi, Takeda,
GlaxoSmithKline

Mario Boccadoro

Honoraria: Sanofi, Celgene, Amgen, Janssen, Novartis, Bristol Myers Squibb,
AbbVie
Consulting or Advisory Role: Janssen, GlaxoSmithKline
Research Funding: Sanofi (Inst), Celgene (Inst), Amgen (Inst), Janssen (Inst),
Novartis (Inst), Bristol Myers Squibb (Inst), Mundipharma (Inst)

Francesca Gay

Honoraria: Amgen, Celgene, Janssen, Takeda, Bristol Myers Squibb, AbbVie,
GlaxoSmithKline
Consulting or Advisory Role: Amgen, Celgene, Janssen, Takeda, Bristol Myers
Squibb, AbbVie, GlaxoSmithKline, Roche, Adaptive Biotechnologies,
Oncopeptides, bluebird bio, Pfizer

No other potential conflicts of interest were reported.

© 2022 by American Society of Clinical Oncology Volume 40, Issue 27

Bertamini et al

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 U
ni

ve
rs

ita
 S

tu
di

 D
i P

ad
ov

a 
on

 J
an

ua
ry

 2
4,

 2
02

5 
fr

om
 1

47
.1

62
.0

36
.0

50
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

http://www.asco.org/rwc
https://ascopubs.org/jco/authors/author-center
https://openpaymentsdata.cms.gov/

	High Levels of Circulating Tumor Plasma Cells as a Key Hallmark of Aggressive Disease in Transplant ...
	INTRODUCTION
	METHODS
	Study Population
	Laboratory Analysis
	Statistical Analysis

	RESULTS
	CTC Detection
	Optimal CTC Cutoff
	Comprehensive Risk Assessment: CTC, Baseline Risk Features, Depth of Response, and Treatment

	DISCUSSION
	REFERENCES
	jcojcoJCOJournal of Clinical Oncology0732-183X1527-7755Wolters Kluwer HealthJCO.21.0139310.1200/JCO.21.01393Original Report ...


