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Abstract:
Circulating tumor cells (CTC) represent a high-risk biomarker in newly diagnosed multiple myeloma
(NDMM); however, their prognostic value among transplant-eligible (TE) patients receiving
daratumumab with bortezomib/lenalidomide/dexamethasone (D-VRd) remains unknown. Here, we analyzed
CTC in the phase 3 PERSEUS trial (EMN017/NCT03710603). TE patients with NDMM were randomized (1:1)
to D-VRd with daratumumab/lenalidomide maintenance (D-VRd group) or VRd with lenalidomide
maintenance (VRd group), both with transplant. A subset of 451/709 patients from PERSEUS (D-VRd,
231/355; VRd, 220/354) had screening blood samples collected for CTC analysis by flow cytometry
(median follow-up, 47.6 months). CTC were detected in 370/451 (82%) patients (median limit of
detection, 0.0004%). CTC were prognostic of progression-free survival (PFS), independently of other
factors, as a continuous (HR, 1.36 [95% CI, 1.15-1.60]; P<0.001) and categorical variable (≥0.175%
CTC-high, optimal threshold). D-VRd improved PFS versus VRd in CTC-low patients (4-year rates: 88%
vs 74%; HR, 0.42 [95% CI, 0.25-0.70]; P=0.0013). Regardless of study treatment, minimal residual
disease (MRD)-negativity rates were lower in CTC-high versus CTC-low patients (10-5: 52.2% vs
66.2%; 10-6: 34.8% vs 52.4%). D-VRd significantly increased MRD-negativity rates versus VRd among
CTC-high (10-5: 69.4% vs 33.3%; 10-6: 47.2% vs 21.2%; both P<0.05) and CTC-low patients (10-5:
74.4% vs 57.8%; 10-6: 65.6% vs 38.5%; both P<0.001), with similar observations for sustained MRD
negativity. CTC levels are an independent prognostic factor in TE-NDMM patients treated with
standard-of-care frontline quadruplet. D-VRd improved overall and sustained MRD-negativity rates in
CTC-high and CTC-low patients, and improved PFS for CTC-low with a positive trend in CTC-high
patients. NCT03710603
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Key points 

1) CTC are an independent prognostic factor in transplant-eligible NDMM patients treated 

in the PERSEUS trial, 

2) D-VRd improved MRD negativity rates and depths in both CTC-high/low patients 

compared to VRd, with longer PFS in CTC-low patients. 

. 



Abstract 

Circulating tumor cells (CTC) represent a high-risk biomarker in newly diagnosed multiple 

myeloma (NDMM); however, their prognostic value among transplant-eligible (TE) patients 

receiving daratumumab with bortezomib/lenalidomide/dexamethasone (D-VRd) remains 

unknown. Here, we analyzed CTC in the phase 3 PERSEUS trial (EMN017/NCT03710603). TE 

patients with NDMM were randomized (1:1) to D-VRd with daratumumab/lenalidomide 

maintenance (D-VRd group) or VRd with lenalidomide maintenance (VRd group), both with 

transplant. A subset of 451/709 patients from PERSEUS (D-VRd, 231/355; VRd, 220/354) had 

screening blood samples collected for CTC analysis by flow cytometry (median follow-up, 47.6 

months). CTC were detected in 370/451 (82%) patients (median limit of detection, 0.0004%). 

CTC were prognostic of progression-free survival (PFS), independently of other factors, as a 

continuous (HR, 1.36 [95% CI, 1.15-1.60]; P<0.001) and categorical variable (≥0.175% CTC-

high, optimal threshold). D-VRd improved PFS versus VRd in CTC-low patients (4-year rates: 

88% vs 74%; HR, 0.42 [95% CI, 0.25-0.70]; P=0.0013). Regardless of study treatment, minimal 

residual disease (MRD)-negativity rates were lower in CTC-high versus CTC-low patients (10
-5

: 

52.2% vs 66.2%; 10
-6

: 34.8% vs 52.4%). D-VRd significantly increased MRD-negativity rates 

versus VRd among CTC-high (10
-5

: 69.4% vs 33.3%; 10
-6

: 47.2% vs 21.2%; both P<0.05) and 

CTC-low patients (10
-5

: 74.4% vs 57.8%; 10
-6

: 65.6% vs 38.5%; both P<0.001), with similar 

observations for sustained MRD negativity. CTC levels are an independent prognostic factor in 

TE-NDMM patients treated with standard-of-care frontline quadruplet. D-VRd improved overall 

and sustained MRD-negativity rates in CTC-high and CTC-low patients, and improved PFS for 

CTC-low with a positive trend in CTC-high patients. NCT03710603 
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Explanation of Novelty 

The prognostic impact of circulating tumor cells (CTC) in patients with newly diagnosed 

myeloma has mainly been reported in those treated with upfront triplets. In the PERSEUS phase 

3 trial, we validated for the first time the independent prognostic significance of CTC in patients 

receiving a frontline daratumumab-based quadruplet.
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Introduction 1 

With rapid advancements in multiple myeloma (MM) treatments, including the introduction of 2 

anti-CD38 monoclonal antibodies such as daratumumab, survival outcomes have significantly 3 

improved.
1
 In the primary analysis of the phase 3 PERSEUS trial, addition of subcutaneous 4 

daratumumab to bortezomib/lenalidomide/dexamethasone (D-VRd) during 5 

induction/consolidation and to lenalidomide (D-R) maintenance significantly improved minimal 6 

residual disease (MRD) negativity and prolonged progression-free survival (PFS) in transplant-7 

eligible (TE) patients with newly diagnosed MM (NDMM),
2
 resulting in approval of the D-VRd 8 

quadruplet as a standard-of-care treatment for TE NDMM.
3,4

 9 

 10 

Despite advancements in MM therapies, patients with high-risk characteristics often experience 11 

worse outcomes, such as shorter PFS and overall survival.
5
 Therefore, there is an urgent need for 12 

reliable prognostic biomarkers to assist in the early identification and stratification of high-risk 13 

patients, thus enabling tailored therapeutic approaches.   14 

 15 

Several biomarkers have been extensively studied and used to stratify patient risk.
6
 Risk factors 16 

associated with poor response to frontline therapy in patients with NDMM include elevated 17 

disease burden (eg, International Staging System [ISS] stage III disease), high-risk cytogenetic 18 

abnormalities (HRCAs), high lactate dehydrogenase (LDH), frailty, and age.
6
 The presence of 19 

circulating tumor cells (CTC) detected by flow cytometry are also emerging as a novel 20 

biomarker with prognostic potential in NDMM. For instance, a high percentage of baseline CTC 21 

before treatment has been associated with inferior MRD-negativity rates and PFS in clinical 22 

trials
7,8

 and real-world studies.
9,10

  23 
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 24 

To date, the prognostic value of CTC in patients receiving quadruplet treatment has not been 25 

investigated, and the prognostic value of CTC in relation to other risk factors following the new 26 

D-VRd standard-of-care treatment is unknown. Here, we present an analysis of CTC in a subset 27 

of TE patients with NDMM from the PERSEUS trial.  28 

 29 

Methods 30 

PERSEUS study design and treatment 31 

The full study design of the randomized, open-label, multicenter, phase 3 PERSEUS trial 32 

(EMN017; ClinicalTrials.gov Identifier: NCT03710603) has been previously published.
2
 The 33 

PERSEUS trial was conducted in 14 countries across Europe and Australia. Eligible patients 34 

were aged 18-70 years, had transplant-eligible NDMM (per International Myeloma Working 35 

Group [IMWG] diagnostic criteria),
11

 and an Eastern Cooperative Oncology Group performance 36 

status ≤2. The study was approved by an independent ethics committee/institutional review 37 

board at each site and conducted in accordance with the Declaration of Helsinki and International 38 

Conference on Harmonisation Good Clinical Practice guidelines. All patients provided written 39 

informed consent.  40 

 41 

Eligible patients were randomized 1:1 to receive VRd induction/consolidation followed by R 42 

maintenance, with or without subcutaneous daratumumab (D-VRd). Dosing schedules are 43 

provided in the Supplemental Methods. Randomization was stratified according to ISS stage (I, 44 

II, or III) and presence of HRCAs, defined as del(17p), t(4;14), and/or t(14;16) by fluorescence 45 

in situ hybridization (FISH). FISH was performed at a central laboratory on monolayer 46 
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preparations of plasma cells following CD138+ magnetic bead enrichment from bone marrow 47 

aspirates. Analytical/technical cutoffs for positive FISH results were established by a central 48 

clinical cytogenetics laboratory and are presented in Supplemental Table 1. 49 

 50 

CTC substudy sample inclusion and analyses 51 

Peripheral blood samples were collected from patients before the start of therapy; however, not 52 

all samples were eligible for the CTC substudy. Samples were shipped overnight from study 53 

centers to the European Myeloma Network central laboratory at Erasmus MC, Rotterdam, the 54 

Netherlands, for analysis. CTC substudy eligibility was dependent upon sample availability, 55 

shipment times (samples arriving ≥3 days post-collection were excluded due to quality concerns 56 

and viability), and sample volume (those with insufficient volume for analysis were excluded). 57 

Samples from Australia were excluded due to prolonged shipment times (Supplemental Table 58 

2).  59 

 60 

CTC were detected and enumerated by flow cytometry using the EuroFlow 2-tube, 8-color MRD 61 

panel, including intracellular light chain staining for confirmation of clonality in tube 2 62 

(Supplemental Table 3).
12,13

 CTC percentages were defined as the proportion of abnormal 63 

clonal plasma cells relative to the number of total white blood cells (WBC) acquired in the two 64 

merged flow cytometry standard files. To calculate CTC percentage, the detection of ≥50 65 

abnormal plasma cells was needed (limit of quantification [LOQ]). The limit of detection (LOD) 66 

was defined as the median of 20 divided by the number of acquired events. All randomized 67 

patients with CTC tested were included in this analysis.  68 

 69 
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 70 

Clinical endpoints 71 

The primary endpoint of PERSEUS was PFS and has been previously published.
2
 PFS was 72 

defined as the time from randomization to disease progression or death, whichever occurred first. 73 

Tumor response and disease progression were assessed in accordance with IMWG response 74 

criteria,
14

 using a validated computer algorithm.  75 

 76 

MRD-negativity rate, one of the key secondary endpoints, was assessed in bone marrow 77 

aspirates at 10
–5

 and 10
–6 

thresholds by next-generation sequencing (clonoSEQ®, Adaptive 78 

Biotechnologies) in patients who achieved very good partial response or better after 79 

consolidation therapy and/or when a complete response or better (≥CR) was suspected at any 80 

time during the trial. Assessment schedules are provided in the Supplemental Methods. Overall 81 

MRD-negativity rate was defined as the proportion of participants who underwent randomization 82 

and achieved both MRD negativity and a ≥CR, hereafter referred to as MRD negativity. 83 

Sustained MRD negativity was defined as two consecutive MRD negative results ≥12 months 84 

apart with no MRD positive result in between.  85 

 86 

Statistical analyses 87 

Cox multivariate proportional hazards regressions were performed for PFS including CTC as 88 

continuous (log10) or categorical (low vs high) variable, ISS (I vs II / III), cytogenetics (HRCA 89 

no vs yes/unknown), LDH (lower vs higher upper limit of normality), and therapy (VRd vs D-90 

VRd). For continuous variable modelling and log10 transformation, samples with CTC below the 91 

LOQ were considered as having a value 10-times lower than the minimum LOD. Optimal CTC 92 
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thresholds were tested and subsequently selected using Cox regressions for PFS adjusted for ISS, 93 

cytogenetics, and LDH, identifying the threshold with the highest C-index. A total of 400 94 

thresholds were tested, ranging from 0.00002% to 2%, using a bootstrap method to reduce 95 

overfitting, as previously described.
7,8

 96 

 97 

Medians of CTC percentage were compared with Kruskal Wallis test. Frequencies were 98 

compared with Chi-square test and Fisher’s exact test. Time-to-event end points were compared 99 

between treatment groups with a log-rank test. Cox proportional hazards regression models were 100 

used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the main 101 

comparisons. Subgroup analyses were performed to determine the role of treatment (VRd vs D-102 

VRd), using interaction terms between CTC and other baseline prognostic factors (ISS, 103 

cytogenetics, LDH). Statistical analyses were performed using R software (v.4.4.1). 104 

In a landmark analysis for PFS, we evaluated the impact of achieving MRD negativity at 12 105 

months. To assess the effect of sustained MRD negativity for at least 12 months, we applied a 106 

24-month landmark. 107 

 108 

Results 109 

Patient characteristics and CTC detection 110 

Of the 709 patients randomized in PERSEUS, 451 (63.6%) patients met the inclusion criteria for 111 

this CTC substudy, with samples available for CTC testing (D-VRd, n=231/355 [65.1%]; VRd, 112 

n=220/354 [62.1%]; Figure 1). There was an even distribution of patients with CTC detected 113 

between treatment groups (D-VRd, n=183/231 [79.2%]; VRd, n=187/220 [85.0%]). Baseline 114 

characteristics were well balanced between groups of patients with CTC data available; however, 115 
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a greater proportion of patients in the D-VRd group had LDH above the upper limit of normality 116 

(n=63/231 [27.3%]) compared to VRd (n=42/220 [19.1%]; P=0.04; Table 1). Overall, baseline 117 

features in this CTC substudy were comparable with those of the entire PERSEUS trial 118 

(Supplemental Table 4).
2
 The median follow-up for these patients was 47.6 months.  119 

 120 

Before initiation of study treatment, CTC were detected in 396/451 (87.8%) patients and were 121 

quantifiable in 370/451 (82.0%) patients. Following debris removal, the median (range) WBC 122 

events was 4.65×10
6
 (1.53×10

5
-6.40×10

7
). The median absolute number of CTC was 0.04 123 

cells/mL (95% CI, 0-22.2) and median CTC percentage was 0.0094% (95% CI, 0%-4.9%). 124 

Median (range) LOD was 0.0004% (0.0002%-0.013%). Absolute and percent CTC measures 125 

were strongly correlated (R=0.9, P<0.0001; Supplemental Figure 1). Given the benefit of 126 

normalization for WBC count, CTC percentage was used for all further analyses.
7-10

 CTC 127 

percentage median values were comparable between groups (D-VRd, 0.010% [95% CI, 128 

0.0104%-4.88%]; VRd, 0.0088% [95% CI, 0%-4.47%]).  129 

 130 

CTC are prognostic of PFS as a continuous variable and threshold 131 

The prognostic impact of CTC was assessed with CTC levels as a continuous variable (log10 of 132 

CTC percentage) in a multivariate Cox regression model. Higher CTC levels were strongly 133 

correlated with worse PFS (HR, 1.36 [95% CI, 1.15-1.6], P=0.0004), independent of ISS, 134 

cytogenetics, LDH, and treatment group. For each category of increasing CTC levels, 4-year 135 

estimated PFS rates decreased (CTC <0.001%: 93%; CTC 0.001%-0.01%: 79%; CTC 0.01%-136 

0.1%: 71%; CTC 0.1%-1%: 67%; CTC ≥1%: 48%; log-rank P<0.0001; Figure 2A and B). ISS 137 
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(III vs I), cytogenetics (high vs standard risk), and treatment all had a prognostic impact in the 138 

multivariate regression including CTC (Figure 2B).  139 

 140 

Several thresholds for defining CTC-high versus CTC-low have been previously reported 141 

(0.01%, 0.07%, 2%, and 0.02%).
7-10

 The prognostic impact of these prior CTC thresholds was 142 

confirmed in the current PERSEUS subset dataset, with reduced PFS observed for each threshold 143 

(Supplemental Figure 2A-D), supporting the relevance of CTC levels as a prognostic 144 

biomarker. For the purpose of this PERSEUS substudy, an optimal CTC threshold of 0.175% 145 

was calculated (Supplemental Figure 3; Supplemental Table 5). Applying this threshold, 146 

69/451 (15.3%) patients were classified as “CTC-high” (≥0.175%). The proportion of CTC-high 147 

patients was balanced between treatment groups (D-VRd, n=36/231 [15.6%]; VRd, n=33/220 148 

[15.0%]).  149 

CTC levels were associated with presence of extramedullary disease (EMD). EMD was detected 150 

in 15 out of 451 patients (3.3%) in the sub-study and was enriched in patients with high CTC 151 

levels. (p=0.017; Supplemental Table 6). In univariate analysis, CTC levels were also 152 

associated with high-risk cytogenetics [t(4;14), t(14;16) and del17p] and ISS levels. However, in 153 

a multivariable logistic regression analysis, all of these risk factors except for the presence of 154 

EMD were significantly associated with high CTC levels (Supplemental Table 6).  155 

The protocol allowed the use of steroids prior to testing in order to manage symptoms. Seventy 156 

patients (15%) received steroids before CTC were assessed and CTC levels were higher in these 157 

patients, likely reflecting a selection bias (Supplemental Figure 4A). Indeed, those patients 158 

tended to have higher tumor burden (ISS) and advanced disease. However, among patients with 159 

low CTC levels, outcomes were similar regardless of prior steroids exposure. This suggests that 160 
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the prognostic value of low CTC levels was not compromised by steroid use (false negative) and 161 

that misclassification of high-risk patients as low risk due to steroids effect is unlikely 162 

(Supplemental Figure 4B). 163 

CTC relationship with treatment response and other risk factors impacting PFS 164 

In a PFS analysis of all substudy patients, regardless of treatment, applying the optimal 165 

threshold, CTC-high patients demonstrated a significantly worse PFS versus CTC-low patients  166 

(HR, 3.56 [95% CI, 2.32-5.44]; P<0.0001; Figure 3A). Although CTC are associated with other 167 

risk factors, their impact on outcome appears to be independent. After adjusting for EMD, 168 

cytogenetics, ISS and LDH and treatment arm, patients with high CTC levels had significantly 169 

worse PFS compared with CTC-low patients (HR, 2.12 [95% CI, 1.33-3.37]; P=0.0015; 170 

Supplemental Figure 5).   171 

 172 

At the 0.175% CTC threshold, treatment with D-VRd resulted in superior 4-year estimated PFS 173 

rates versus VRd among CTC-low patients (88% vs 74%; HR, 0.42 [95% CI, 0.25-0.70]; 174 

P=0.01), and with a trend in CTC-high patients (58% vs 39%; HR, 0.84 [95% CI, 0.41-1.73]; 175 

P=0.79; interaction P=0.12; Figure 3B, Supplemental Figure 6), that would need longer 176 

follow-up to be confirmed. 177 

 178 

Given that CTC levels impacted PFS independently of other risk factors, CTC-high in 179 

combination with additional risk factors may define an ultra-high–risk patient subgroup. In the 180 

present study, 34 patients presented with high CTC levels and high-risk cytogenetics and thus 181 

were considered ultra-high risk. Four-year estimated PFS rates were poorest amongst patients 182 

with high-risk cytogenetics, particularly in those with elevated CTC levels (CTC-high + high-183 
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risk cytogenetics, 29%; CTC-low + high-risk cytogenetics, 68%; CTC-high + standard-risk 184 

cytogenetics, 73%; CTC-low + standard-risk cytogenetics, 84%; log-rank P<0.001, 185 

Supplemental Figure 7A).  186 

 187 

In an analysis of PFS by CTC levels and cytogenetic risk by treatment group, treatment with D-188 

VRd led to improved outcomes, regardless of CTC levels, in patients with standard-risk 189 

cytogenetics (Supplemental Figure 7B). In patients with high-risk cytogenetics, D-VRd led to 190 

improved PFS outcomes versus VRd in CTC-low patients, but did not ameliorate PFS outcomes 191 

in patients presenting with CTC-high and high-risk cytogenetics (Supplemental Figure 7C). 192 

However, inferences are limited by small sample sizes. 193 

  194 

Baseline CTC levels impact achievement of MRD negativity  195 

MRD-negativity rates (10
–5

 and 10
–6

) were consistently lower among CTC-high versus CTC-low 196 

patients, irrespective of study treatment (10
–5

: 52.2% vs 66.2%; 10
–6

: 34.8% vs 52.4%; Table 2, 197 

Figure 4A). As previously reported, MRD-negativity (10
–5

 and 10
–6

) rates in the entire 198 

PERSEUS population were higher among patients treated with D-VRd versus VRd irrespective 199 

of CTC levels.
2
 Notably, among CTC-high patients, D-VRd doubled the MRD-negativity rate 200 

versus VRd (10
–5

: 69.4% vs 33.3%; 10
–6

: 47.2% vs 21.2%). Among CTC-low patients, MRD-201 

negativity rates were also higher in patients receiving D-VRd (D-VRd vs VRd; 10
–5

: 74.4% vs 202 

57.8%; 10
–6

: 65.6% vs 38.5%; Table 2, Figure 4C).  203 

 204 

Sustained (≥12 months) MRD-negativity rates were also consistently lower among CTC-high 205 

versus CTC-low patients irrespective of study treatment (10
–5

: 33.3% vs 50.0%; 10
–6

: 23.2% vs 206 
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31.9%; Table 2, Figure 4B). D-VRd led to higher sustained MRD-negativity rates versus VRd 207 

alone in both CTC-high (10
–5

: 50.0% vs 15.2%; 10
–6

: 38.9% vs 6.1%) and CTC-low patients (10
–

208 

5
: 63.6% vs 35.8%; 10

–6
: 42.1% vs 21.4%; Table 2, Figure 4D).  209 

In a landmark analysis for PFS, we evaluated the impact of achieving MRD negativity and 210 

sustaining MRD negativity. In this analysis, the impact of achieving MRD negativity at 10
-5

 or 211 

10
-6

 was associated with improved outcome in both CTC-high and CTC-low patients (Figure 212 

5A, Supplemental Figure 8A). However, patients in the CTC-high group who achieved MRD 213 

negativity still had inferior outcomes compared to MRD-negative patients in the CTC-low group. 214 

Importantly, among patients who sustained MRD negativity for at least 12 months, outcomes 215 

were comparable between the CTC-high and CTC-low groups. In contrast, for patients who did 216 

not achieve sustained MRD negativity, baseline CTC levels effectively stratified outcomes 217 

(Figure 5B; Supplemental Figure 8B). 218 

 219 

Discussion 220 

This CTC substudy of PERSEUS evaluated the prognostic ability of CTCs and its correlation 221 

with clinical outcomes in TE patients with NDMM following treatment with standard-of-care D-222 

VRd quadruplet. Using standardized methods, CTCs were detected and quantified in 82% of 223 

patients tested, with a median LOD of 0.0004%. Similar to previous studies,
7-10

 our data 224 

demonstrate the correlation between elevated CTC levels and lower overall and sustained MRD-225 

negativity rates and subsequently shorter PFS, independent of other risk factors. Similar to data 226 

reported from the PERSEUS primary analysis,
2
 D-VRd induction/consolidation followed by D-R 227 

maintenance compared to VRd followed by R maintenance improved both overall and sustained 228 

MRD-negativity rates irrespective of patients’ CTC levels, leading to significantly improved PFS 229 
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in CTC-low patients. A favorable trend toward improved PFS with D-VRd compared to VRd 230 

was also observed in CTC-high patients. However, it did not reach statistical significance and 231 

would require longer follow-up for confirmation. 232 

 233 

Despite improvements in patient risk stratification, some patients experience poor outcomes to 234 

frontline treatment, occasionally in the absence of other high-risk factors, thus underscoring the 235 

need for novel prognostic biomarkers. Elevated CTC levels are emerging as a promising 236 

biomarker for identification of high-risk patients. In analyses of the 237 

GEM2012MENOS65/GEM2014MAIN and FORTE trials,
7,8

 CTC levels above the thresholds of 238 

0.01% and 0.07%, respectively, resulted in worse outcomes, including unfavorable PFS, in TE 239 

patients with NDMM treated with upfront triplet regimens and transplant. In a real-world 240 

analysis of patients with NDMM in Greece, a similar trend was observed, with patients 241 

presenting with a CTC threshold of 0.02% exhibiting a higher risk of progression.
10

 The presence 242 

of CTC has also been shown to be a robust prognostic biomarker for the identification of plasma 243 

cell leukemia (>5%), a severe and rare subtype of MM.
15

 Our results corroborate these findings, 244 

with CTC-high patients (>0.175%) having inferior outcomes compared with CTC-low patients. 245 

Moreover, in this PERSEUS substudy, 98% of patients with detectable CTC had counts <5%, yet 246 

estimated PFS rates showed a stepwise reduction with each step increase (log10) of CTC levels. 247 

Therefore, while the highest CTC levels could be considered an ultra-high–risk feature (2% or 248 

5%; considered as PCL or PCL-like, as shown by Jelinek et al
9,10

), intermediate CTC levels 249 

may also identify patients with poor outcomes. Collectively, data strongly support the assessment 250 

of baseline CTC levels to inform patient risk. 251 
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An important finding that confirms previous data is that CTC are associated with other high-risk 252 

features, namely presence of extramedullary disease, high-risk cytogenetics [(t4;14), t(14;16) and 253 

del17p], ISS and LDH. However, in multivariable Cox regression, CTC are still impacting 254 

outcome when including these variables in the model. This shows the added value of testing 255 

CTC in the context of current risk assessment. 256 

 257 

In the primary analysis of PERSEUS, D-VRd led to significant improvements in MRD negativity 258 

and PFS versus VRd.
2
 Given the novelty of CTC levels as a high-risk biomarker, no studies have 259 

investigated the impact of CTC upon treatment responses to quadruplets like D-VRd. As 260 

presented here, D-VRd led to improved, deep responses versus VRd, regardless of CTC levels. 261 

Specifically, among CTC-high patients, D-VRd doubled the rates of deep MRD negativity (10
–6

) 262 

and increased sustained MRD-negativity rates by >5-times versus VRd. D-VRd also led to a 263 

significantly favorable PFS advantage in CTC-low patients versus VRd. Although a favorable 264 

trend towards improved PFS was noted, D-VRd did not reach significance in abrogating the poor 265 

prognostic effect of high CTC levels upon PFS versus VRd alone; however, inferences should be 266 

made with caution given the small sample size and the longer follow-up needed to better 267 

interpret findings.  268 

 269 

The benefit of D-VRd versus VRd in PERSEUS was observed across most high-risk subgroups 270 

evaluated, including patients with high-risk cytogenetics.
2
 However, as reported here, despite 271 

separation in Kaplan-Meier curves, D-VRd was unable to significantly improve outcomes in the 272 

small ultra-high–risk patient subgroup, presenting with high-risk cytogenetics and high CTC 273 

levels. This stifled benefit aligns with previous reports of patients with ultra-high–risk features 274 
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(eg, double-hit cytogenetics),
16,17

 and is further corroborated by Kostopoulos et al., who also 275 

demonstrated poor prognosis in patients with high CTC levels and high-risk factors such as ISS 276 

and monoclonal gammopathy of underdetermined significance–like phenotype.
10

 Co-occurrence 277 

of 2 risk factors has also been shown to correlate with early mortality in NDMM, further 278 

emphasizing the unmet clinical need in this population.
18

 The use of more intense treatment 279 

strategies, such as prolonged consolidation or adding therapies to quadruplets, have shown 280 

promise in patients with double-hit cytogenetics and high-risk gene expression profiles
19,20

; 281 

however, these intense strategies may not always be available or tolerable. Evidence supports the 282 

importance of using valid prognostic biomarkers to identify high-risk patients with co-occurring 283 

risk factors early and highlights the need for new therapeutic strategies, including novel targets 284 

or mechanisms of action (eg, bispecific antibodies or chimeric antigen receptor T-cell therapy).   285 

 286 

Although determining an optimal clinical threshold to define “high” CTC levels in NDMM was 287 

not the focus of this study, establishing a meaningful clinical risk definition based on CTC levels 288 

is an important future direction. Such an endeavor would benefit from collaborative efforts and 289 

analysis of large, well-annotated datasets that encompass various treatments and populations 290 

across multiple centers. The optimal threshold calculated for the current substudy (0.175%) was 291 

higher than those calculated in previous reports (0.01-0.07%),
7,8

 suggesting optimal thresholds 292 

may be treatment dependent and the improved outcomes observed in PERSEUS with D-VRd 293 

may have inherently led to the need for a higher CTC threshold for our high-risk definition as 294 

well as the specific population of this study.  295 

Alternative methods for CTC detection are available, such as morphological evaluation and the 296 

CELLSEARCH system.
21

 The optimal threshold for defining high CTC levels may differ 297 
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depending on the method used, and direct comparisons with flow cytometry-based detection are 298 

warranted. In our study, CTC were detected by flow cytometry following EuroFlow guidelines, 299 

which are also widely used and standardized for MRD. Given the broad availability and 300 

established standardization of this approach, we believe that additional standardization steps are 301 

not required before considering the adoption of this biomarker in clinical practice. 302 

 303 

The impact of achieving MRD negativity on patient outcomes in the PERSEUS study has been 304 

reported.
22

 In our substudy, despite the limitations of limited number of patients and relative 305 

short follow up, the achievement of MRD at 10
-6

 was associated with improved outcomes in both 306 

CTC-low and CTC-high patients. Interestingly, CTC-high patients achieving MRD negativity 307 

had similar outcomes compared with CTC-low MRD-positive patients, although still inferior to 308 

CTC-low patients that achieved MRD negativity. Furthermore, patients who sustained MRD 309 

negativity at 10
-6

 for at least 12 months had similar outcomes regardless of their baseline CTC 310 

levels. This finding underscores the importance of sustained MRD negativity, which appears 311 

capable of mitigating the adverse prognostic impact of elevated CTCs at diagnosis. 312 

 313 

One limitation of the current findings is that this is a substudy of the larger PERSEUS trial, with 314 

only a portion of patients (63%) having available data that could be utilized. This was primarily 315 

due to intercontinental shipping logistics and delays in sample shipments exceeding the 316 

acceptable timeframe for analysis. Nevertheless, clinical features of this subgroup were balanced 317 

between treatment groups and comparable to those in the entire PERSEUS intent-to-treat 318 

population. We did not assess CTC after therapy or evaluate the prognostic role of their 319 
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persistence in treated patients.
23-25

 This would be important to explore, particularly in patients 320 

receiving frontline anti-CD38 antibodies.  321 

In conclusion, results from this CTC-specific analysis of PERSEUS demonstrated that CTC 322 

levels are an independent prognostic factor in the context of TE patients with NDMM receiving 323 

D-VRd or VRd. D-VRd demonstrated improvement in overall and sustained MRD negativity 324 

regardless of CTC levels, as well as improved PFS in CTC-low patients and a trend in CTC-high 325 

patients, compared to VRd. Sustained MRD negativity at 10
-6

 is associated with a similar 326 

prognosis in CTC-high or CTC-low patients, abrogating the poor outcome linked to this high-327 

risk biomarker. When combined with previously published findings, these data further support 328 

the use of CTC as a prognostic biomarker in patients with NDMM. We recommend that CTC 329 

should be routinely assessed and measured at diagnosis as part of risk evaluation noting the 330 

caveat that further research is warranted to determine clinically standardized CTC thresholds  331 

 332 

 333 
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Tables 

Table 1. Patient characteristics in patients with CTC assessment by treatment group 

 D-VRd VRd P value 

PERSEUS/EMN017 trial, n  355  354   

CTC evaluated,
a
 n (%) 231 (65.1) 220 (62.1) 0.42 

CTC detected and quantifiable,
b
 n (%) 183/231 (79.2) 187/220 (85.0) 0.73 

CTC %, median (IQR) 
0.0104 

(0.0009-0.0738) 

0.0088  

(0.0012-0.0746) 
0.88 

Female sex,
b
 n (%) 84/231 (36.4) 95/220 (43.2) 0.14 

Age,
b
 years, median (IQR) 60 (53.5-65) 59 (52.8-65) 0.71 

ISS,
b
 %    0.76 

I 123 (53.2) 112 (50.9) 

 II 73 (31.6) 77 (35.0) 

III 35 (15.2) 31 (14.1) 

LDH High,
b
 n (%) 63/231 (27.3) 42/220 (19.1) 0.04 

High cytogenetic risk,
b,c

 n (%) 51/231 (22.1) 49/220 (22.3) 0.86 

D-VRd, daratumumab plus bortezomib/lenalidomide/dexamethasone; VRd, 

bortezomib/lenalidomide/dexamethasone; CTC, circulating tumor cells; IQR, interquartile range; 

ISS, International Staging System; LDH, lactate dehydrogenase.   

a
Calculated based upon “PERSEUS trial” sample size as the denominator. 

b
Calculated based upon “CTC evaluated” sample size as the denominator.  

c
High cytogenetic risk defined by the presence of del(17p), t(4;14), and/or t(14;16) by 

fluorescence in situ hybridization. 
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Table 2. MRD-negativity rates (10
–5

 and 10
–6

) and sustained (≥12 months) MRD negativity (10
–5

) in patients with available CTC 

values by treatment group 

 CTC-high CTC-low Total 

comparison
a 

 
Total

b Treatment group 
Total

b Treatment group 

 D-VRd VRd P value D-VRd VRd P value P value 

n,
b,c

 (%) 
69 

(15.3) 

36 

(52.2) 

33 

(47.8) 
 

382 

(84.7) 

195 

(51.0) 

187 

(49.0) 
  

Best MRD negativity (10
–5

),
d
  

n (%) 

36 

(52.2) 

25 

(69.4) 

11 

(33.3) 
0.006 

253 

(66.2) 

145 

(74.4) 

108 

(57.8) 
<0.001 0.04 

Best MRD negativity (10
–6

),
d
 n (%) 24 

(34.8) 

17 

(47.2) 

7  

(21.2) 
0.04 

200 

(52.4) 

128 

(65.6) 

72 

(38.5) 
<0.001 0.01 

Sustained MRD negativity (10
–5

),
e
 n (%) 23 

(33.3) 

18 

(50.0) 

5  

(15.2) 
0.002 

191 

(50.0) 

124 

(63.6) 

67 

(35.8) 
<0.001 0.003 

Sustained MRD negativity (10
–6

),
e
 n (%) 16 

(23.2) 

14 

(38.9) 

2  

(6.1) 
0.001 

122 

(31.9) 

82 

(42.1) 

40 

(21.4) 
<0.001 0.04 

MRD, minimal residual disease; CTC, circulating tumor cells; D-VRd, daratumumab plus bortezomib/lenalidomide/dexamethasone; 

VRd, bortezomib/lenalidomide/dexamethasone.  

a
P value of total comparison of MRD-negativity rates of CTC-high versus CTC-low. 

b
Total column calculated with the number of patients with samples available/tested for CTC (n=451) as the denominator. 

c
Treatment group columns calculated with the total number of patients with CTC-high or CTC-low as the denominator.  

d
MRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity and complete response or better.  

e
Sustained MRD negativity was defined as 2 consecutive MRD-negative results 12 months apart, without any MRD-positive result in 

between. 
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Figure legends 

Figure 1. CTC testing in the PERSEUS trial. Consort diagram reporting screened newly 

diagnosed multiple myeloma in the PERSEUS trial, and those with available samples at 

diagnosis that were analyzed by flow cytometry to detect and count CTC. CTC, circulating 

tumor cells; NDMM, newly diagnosed multiple myeloma; D-VRd, daratumumab plus 

bortezomib/lenalidomide/dexamethasone; VRd, bortezomib/ lenalidomide/ dexamethasone.  

 

Figure 2. Prognostic impact of varying CTC levels and its independence of other risk 

factors. A) Estimated PFS is progressively inferior in patients with increasing (log10) levels of 

CTC. B) Cox regression model including other well established risk factors (ISS, cytogenetics, 

LDH) and treatment shows independent prognostic impact of increasing CTC levels (continuous 

variable). CTC, circulating tumor cells; PFS, progression-free survival; CI, confidence interval; 

ISS, International Staging System; LDH, lactate dehydrogenase; D-VRd, daratumumab plus 

bortezomib/lenalidomide/dexamethasone. 

a
Comparison with standard-risk. High-risk cytogenetics is defined by the presence of del(17p), 

t(4;14), and/or t(14;16) by fluorescence in situ hybridization. Absence of those is considered 

standard-risk.  

 

Figure 3. Prognostic impact of CTC levels (high vs low) with optimal threshold and 

treatment. A) Elevated CTC (CTC-high) with an optimal threshold (0.175%) show impact on 

PFS in the study population (n=451); B) impact of CTC levels and treatment in PERSEUS study, 

where treatment with D-VRd improved outcomes in CTC-low patients but did not fully 

overcome the high risk portended by CTC-high. CTC-high is defined by CTC ≥0.175%; CTC-
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low is defined by CTC <0.175%. CTC, circulating tumor cell; PFS, progression-free survival; 

ISS, International Staging System; LDH, lactate dehydrogenase; D-VRd, daratumumab plus 

bortezomib/ lenalidomide /dexamethasone; VRd, bortezomib/ lenalidomide/ dexamethasone; 

HR, hazard ratio; CI, confidence interval. 

 

Figure 4. MRD by next-generation sequencing and CTC levels at diagnosis. Rates of A) 

overall MRD negativity and C) sustained (12 months) MRD negativity are higher in CTC-low 

patients compared to CTC-high patients (10
–5

 and 10
–6

 threshold). Rates of B) overall MRD 

negativity and D) sustained (12 months) MRD negativity are higher with D-VRd compared to 

VRd in both CTC-low and CTC-high patients (10
–5

 and 10
–6

 threshold). CTC-high is defined by 

CTC ≥0.175%; CTC-low is defined by CTC <0.175%. Proportion of randomized patients who 

achieved both MRD negativity and ≥CR are included in the intention-to-treat population. 

Sustained MRD is defined as 2 consecutive MRD-negative results ≥12 months apart with no 

MRD-positive results in between. Bars over bar plots represent results of statistical test of 10
–5

 

threshold comparison (adjusted P values: ****<0.0001, ***<0.001, **<0.01, *<0.05; P values 

>0.05 are not shown; based on Chi-square test). MRD, minimal residual disease; CTC, 

circulating tumor cells; CR, complete response; D-VRd, daratumumab plus 

bortezomib/lenalidomide/dexamethasone; VRd, bortezomib/lenalidomide/dexamethasone; neg, 

negative 
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Figure 5. MRD modulates the impact of CTC levels at diagnosis 

A) Landmark analysis (12 months from start of therapy) of PFS outcomes shows how MRD 

negativity (10
–6

 threshold) modulates outcome of patients stratified by CTC levels at diagnosis; 

B) Landmark analysis (24 months from start of therapy) shows similar PFS outcomes in patients 

with sustained (12 months) MRD negativity (10
–6

 threshold) regardless of their CTC levels. 

CTC-high is defined by CTC ≥0.175%; CTC-low is defined by CTC <0.175%. 

PFS, progression-free survival; MRD, minimal residual disease; CTC, circulating tumor cells 
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Circulating tumor cells predict myeloma outcomes in daratumumab, bortezomib, 
lenalidomide, and dexamethasone treated patients 

Conclusion: CTC levels are an independent prognostic factor in transplant-eligible patients with newly diagnosed 
multiple myeloma receiving D-VRd or VRd in the PERSEUS phase 3 randomized study. These findings further 
support the use of CTC as a prognostic biomarker for stratifying patients at diagnosis treated with the state-of-the-
art therapeutic regimens. 

Bertamini, et al. DOI:xxxxxxxx 

Context of the research 

Circulating tumor cells (CTC) represent a high-risk 
biomarker in newly diagnosed multiple myeloma.  

Their prognostic value among transplant-eligible patients 
receiving upfront daratumumab–based quadruplet 

remains unexplored. 

Aims of the study 

To analyze the prognostic impact of CTC levels at 
diagnosis in the phase 3 PERSEUS trial 

(EMN017/NCT03710603) together with established risk 
factors and treatment 

Findings  

CTCs are prognostic 

independently of other risk 

factors 

D-VRd compared to VRd improved minimal residual disease (MRD) negativity 

rates and depths in both patients with CTC-high and CTC-low, with longer 

progression free survival (PFS) in CTC-low patients 
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