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Abstract
Purpose: Multiple myeloma (MM) is a clinically and biologically heterogeneous malignancy of plasma cell. The
overall survival of MM patients varies from people to people ranged from several months to decades. It is always
knotty how to predict MM prognosis. The presence of circulating plasma cells (CPCs) has been associated with a
worse prognosis in patients with MM.

Materials and Methods: This study retrospectively analyzed CPCs in 108 cases of newly diagnosed MM patients
with 8-color �ow cytometry to investigate its value for outcome prediction, and combined CPCs with R-ISS to
stratify the risk of MM.

Results: CPCs were detected in 58/108 patients (53.7%). The optimum cutoff predicting for overall survival was
determined as 0.105% by using a ROC analysis. Compared with patients with CPCs < 0.105% (n = 66 61.1%), those
with CPCs ≥0.105% (n = 42, 38.9%) showed lower blood platelet count (BPC) (P=0.038), but higher β2-
microglobulin (β2-MG), lactate dehydrogenase (LDH), ferritin (FER) , and harboring P53 deletion, high-risk
cytogenetic abnormality, (P = 0.011, 0.001, 0.002, <0.001, and 0.020, respectively). The higher R-ISS stage seems to
harbor higher CPCs. CPCs≥0.105% are independently factor for adverse outcome (P<0.001). The combination of R-
ISS staging system and CPCs level was used to stratify the risk of multiple myeloma and R-ISS III stage with CPCs
≥0.105% was ranked as a real ultra-high-risk group.

Conclusion: This study suggests that high CPCs is associated with an aggressive disease and that the current R-ISS
system in conjunction with CPCs may facilitate the differentiation of NDMM patients. There may also is the
potential signi�cance in modifying the de�nitions of high-risk disease and the practice of adopting a risk-adapted
initial treatment. 

Introduction
Multiple myeloma (MM) is the second common hematologic cancer, characterized by malignant proliferation of
abnormally cloned plasma cells in the bone marrow (BM) and eventually other tissues. The introduction of
proteasome inhibitors (PIs), immunomodulators (IMiDs), histone deacetylase inhibitors and monoclonal antibodies
has improved the clinical outcome of multiple myeloma in the last decade [1], however, there is still a group of
patients who possess poor survival and resistance to novel agents. Therefore, it is necessary to screen out these
high-risk patients and provide them with more intensive regimen. The de�nition of high-risk group has be evolving
consistently, however it is still controversial. The most widely accepted de�nition, which included the revised
International Staging System (R-ISS) [2] and the recently updated mSTART (Mayo Strati�cation for Myeloma And
Risk-adapted therapy), based on cytogenetic and clinical biomarkers. In the latest study, Walker BA et al described a
high-risk type of myeloma through genome analysis as the double -hit myeloma which involved patients with either
TP53 double allele mutation or ISS stage III with CKS1B (1q21+), accounting for 6.1% of the total number of
patients. [3]. Unfortunately,Next-generation sequencing is expensive and time and labor consuming. It is essential
for prognostic factor assays to be applied in a feasible and economic way.

Higher circulating clonal plasma cells (CPCs), identi�ed by cytology[4], multiparameter �ow cytometry[5], or slide-
based immuno�uorescence[6] is associated with a poor prognosis in patients with MM[5, 7] and is also a risk factor
of progression in patients with monoclonal gammopathy of undetermined signi�cance[8] and smoldering MM[9].
Two studies have proposed that the cutoff value for plasma cell leukemia(PCL) should be revised to 5% CPCs on

https://fanyi.so.com/#knotty
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Patients And Method
Patients

108 newly diagnosed MM patients between October 2015 and June 2018 were included. Patients were required
signing informed consent, which were performed in accordance with the Declaration of Helsinki and approved by
the hospital ethics committees. Clinical and laboratory data were collected as followings: age, sex, immunoglobulin
classi�cation, ISS stage and other clinical data such as β2-MG, albumin, C-reactive protein (CRP), lactate
dehydrogenase (LDH) levels, percentage of bone marrow PC.

The diagnostic criteria and response evaluation were based on IMWG criteria [12]. Patients were followed up for their
treatment response, progression-free survival (PFS) and overall survival (OS).
CPC tests by Multi-parameter Flow Cytometry

CPCs was assessed by 8-color �ow cytometry. Specimens were prepared with red blood cell lysis within 24 hours
after collection, and then stained with speci�c antibodies combination (CD38 PBE/CD56 A750/CD19 PerCP-
Cy5.5/CD138 APC/CD45 KO/CD27 Pe-Cy7/ cκ FITC/cλ PE), and evaluated by �ow cytometry. All samples were
analyzed using FACSCantoII �ow cytometry instrument with FACSDiva software (BD Biosciences). The clonal CPCs
were de�ned as cytoplasmic light chain ratio (Kappa: lambda > 3.0 or < 0.3). The target for collection was > 500000
cellular events. The clonal CPCs rate was calculated as the number of clonal PCs/500000 total mononuclear cells.
Patients were de�ned to be negative for clonal CPCs at a sensitivity of ~ 1 in 10, 000 clonal plasma cells in all
tested events.

Fluorescence in situ hybridization analyses

The Fluorescence in situ hybridization study was performed in 98/108 patients at initial diagnosis, using bone
marrow samples, ten of which were not assessed because of inadequate samples. Five chromosomal
abnormalities including t (4; 14), t (14; 16),1q21 ampli�cation, IgH rearrangement and P53 deletion were detected by
interphase �uorescence in situ hybridization (iFISH) on CD138 sorted plasma cell. Totally 100 to 300 interphase
nuclei in each sample were scored, as appropriate. The positive cutoff threshold was set as 20% for P53 deletion
and 1q21 ampli�cation, 10% for immunoglobulin H (IgH) translocations. High risk cytogenetic abnormalities
include t (4; 14), t (14;16) and P53 deletion.

Statistical analysis

Mann–Whitney U test was used to compare differences between continuous variables, and Chi-square tests and
Fisher exact tests for nominal variables. The correlations between CPCs and patients’ clinical stages were

peripheral blood smear as its similar outcomes to originally de�ned PCL (i.e., ≥ 20% CPCs)[10–12]. Although the
biological signi�cance of CPCs in MM patients still remains unknown, CPCs represent a unique subset of patient-
paired potential clonogenic BM PCs ,which have a quiescent phenotype [13]. Therefore, we hypothesis that the
quanti�cation of CPCs could have implications for rede�ning high-risk disease. Moreover, if CPCs is incorporated
into the current powerful prognostic system R-ISS stage, a much higher-risk group which is more aggressive will be
distinguished. In the current study, we retrospectively analyzed circulating clonal plasma cells in 108 newly
diagnosed multiple myeloma (NDMM) patients and investigated its correlation with other clinical parameters and
survival. We also combined CPCs with R-ISS staging system to better stratify MM patients into subgroups of
homogeneous survival.
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calculated by Spearman correlational analysis. Distribution of OS and PFS were plotted by Kaplan-Meier (K-M)
curves and log-rank test was applied to estimate differences between groups. Univariable and multivariable
analysis of survival were carried out by Cox regression model. GraphPad Prism 8.0 (GraphPad Software, San Diego,
CA) and SPSS (version 25.0) software (IBM Corporation, Armonk, NY, USA) were used for statistical analysis. All
reported P-values were two-sided, with con�dence intervals of 95%, and P-value ≤ 0.05 was considered statistically
signi�cance. Before the log-rank test, CPCs optimal cutoff values was determined by the receiver operating
characteristic (ROC) curves.

Results
Clinical characteristics

The median age of patients (n = 108) was 63 (range, 36–84) years, of which sixty-seven (62%) were males. All
patients recruited from Oct. 2015 to Jun. 2018 were followed up until Sep. 2019 and their median follow-up time
was 22 (range, 2.0–43.0) months. CPCs were detected in 58/108 patients (53.7%). No circulating PCs were found in
the remaining 50 patients (46.3%). The eligible cutoff value for predicting overall survival was 0.105% with a
sensitivity of 69% and a speci�city of 75% by using a ROC analysis. Based on this, the patients were divided into
two groups, one of which involved in 42 (38.9%) patients with CPCs ≥ 0.105%, another involved 66 (61.1%)
patients. The clinical parameters of the two groups were compared. Patients with CPCs ≥ 0.105% had higher levels
of β2-microglobulin(P = 0.011),lactate dehydrogenase (LDH) ( P = 0.001), ferritin (FER)( P = 0.002), and more likely
to harbor P53 deletion (P < 0.001), in addition to lower Blood platelet count (BPC) level(P = 0.038), compared with
those with CPCs < 0.105%. The characteristics of these two groups are shown in Table 1.
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Table 1
Clinical characteristics of the 108 newly diagnosed MM patients according to CPCs expressions

Clinical characteristics All patients

(n = 108)

Patients with CPCs <
0.105% (n = 66)

Patients with CPCs ≥ 
0.105% (n = 42)

P-value

Age (yrs) 62(36–84) 63 (36–84) 63 (43–79) 0.808

Male (No,0%) 67(62%) 39(59.1%) 28(66.7%) 0.429

β2-MG (mg/L) 5.89(0.22–
59.8)

4.73 (0.22–35.90) 7.07 (1.69–59.8) 0.011

ALB (g/L) 33.45(13.5–
50.2)

32.75(13.5–50.2) 33.95 (16.3–49.6) 0.373

LDH (U/L) 181(67–
825)

159 (67–356) 216.5 (84.0-825) 0.001

HB (g/L) 85(40–146) 86.5 (40–146) 83.5 (50–125) 0.494

BPC (× 109/L) 157(30–
349)

166.5 (30–507) 144.5 (41–349) 0.038

sCr (µmol/L) 82(35.4–
1194)

84.7(38.4–1194) 79.1 (35.4–932) 0.922

ESR (mm/H) 105(5-145) 117.5 (5-145) 80 (5-140) 0.288

CRP (mg/L) 3.27(2.0-
79.8)

3.16 (3.02-56) 3.27 (2.0-79.8) 0.336

FER (µg/L) 305.2(5-
1500)

232.3 (5-1500) 431.2 (76.7–1500) 0.002

Bone marrow PC (%) 18.9(1.2–
92.4)

17.6 (1.2–88.8) 23.2 (5.2–92.4) 0.052

EMD (n,%) 19(17.6) 11 (16.7) 8(18.2) 0.751

FISH (available on 98pts)        

Deletion P53(%) 14(14.3) 2(3.4) 12(30) < 0.001

1q21ampli�cation (%) 51(52.0) 30(51.7) 21(52.5) 0.940

t(4,14)(%) 14(14.3) 9(15.5) 5(12.5) 0.675

t(14,16)(%) 2(2.0) 1(1.7) 1(2.5) 0.789

IgH translocations (%) 24(24.5) 13(22.4) 11(27.5) 0.565

High-risk cytogenetic
abnormality (%)

29(29.6) 12(20.7) 17(42.5) 0.020

Initial therapy        

Novel agents 102(94.4%) 64(97%) 38(90.5%) 0.383

Abbreviations: β2-MG, β2-microglobulin; ALB, Serum albumin; LDH, Lactate dehydrogenase; HB, Hemoglobin;
BPC, Blood platelet count; sCr, Serum creatinine; ESR, Erythrocyte sedimentation rate; CRP, C-reactive protein;
FER, Ferritin; FISH, �uorescent in-situ hybridization; High-risk cytogenetics was de�ned by del(17p), t(4;14),
t(14;16).
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Clinical characteristics All patients

(n = 108)

Patients with CPCs <
0.105% (n = 66)

Patients with CPCs ≥ 
0.105% (n = 42)

P-value

Bortezomib-based 61(56.5%) 40(60.6%) 21(50%) 0.278

IMiD-based 37(34.3%) 21(31.8%) 16(38.1%) 0.539

Thalidomide 27(25%) 15(22.7%) 12(28.6%) 0.494

Lenalidomide 10(14.8%) 6(9.1%) 4(9.5%) 0.940

Bortezomib + IMiD 4(3.7%) 3(4.6%) 1(2.4%) 0.561

Conventional
chemotherapy

6(5.5%) 2(3.0%) 4(9.5%) 0.151

Abbreviations: β2-MG, β2-microglobulin; ALB, Serum albumin; LDH, Lactate dehydrogenase; HB, Hemoglobin;
BPC, Blood platelet count; sCr, Serum creatinine; ESR, Erythrocyte sedimentation rate; CRP, C-reactive protein;
FER, Ferritin; FISH, �uorescent in-situ hybridization; High-risk cytogenetics was de�ned by del(17p), t(4;14),
t(14;16).

 
The correlations between clinical stages and CPCs levels

16.7%(1/6) of patients with CPCs ≥ 0.105% were in DS stage I, 31.6% (6/19) in DS stage  and 42.2% (35/83) in DS
stage  (P = 0.232). In terms of ISS stage, the proportions of each stage were 23.1% (3/13)34.2% (13/38) and 45.6%
(26/57) (P = 0.092). In 98 patients available for R-ISS strati�cation, the proportions of each stage were 20% (2/10),
35.2% (19/54), and 55.9% (19/34) (P = 0.017). Although all three staging systems showed a rising trend with CPCs
value, only the R-ISS staging system showed statistical signi�cance, as shown in Table 2.

Table 2
Correlations between levels of CPCs and patients’ clinical stages

  DS stages ISS stages R-ISS stages

 

All
patients

6 19 83 13 38 57 10 54 34

Patients
with
CPCs < 
0.105%

5(83.3%) 13(68.4%) 48
(57.8%
)

10
(76.9%)

25
(65.8%)

31
(54.4%)

8
(80%)

35
(64.8%)

15
(44.1%)

Patients
with
CPCs ≥ 
0.105%

1(16.7%) 6(31.6%) 35
(42.2%)

3
(23.1%)

13
(34.2%)

26
(45.6%)

2
(20%)

19
(35.2%)

19
(55.9%)

P-value 0.232 0.092 0.017

Abbreviations: DS, Durie-Salmon staging system; ISS, International Staging system; R-ISS, Revised International
Staging System

 
Survival analysis according to CPCs levels
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At the end of follow-up time, 76 of 108 patients still survived, which made this study not reaching its’ median OS.
The median PFS of the whole cohort was 23.0 (95% CI: 17.9–28.2) months. The median OS of patients with CPCs 
≥ 0.105% was 24.0 (95%CI:15.0–33.0) months while OS was not reached for patients with CPCs < 0.105%.
According to K-M curves, patients with CPCs ≥ 0.105% showed a signi�cant inferior trend for survival (HR 4.73,
95%CI: 2.29–9.79; P < 0.001). On the other hand, the median PFS of patients in 2 groups were 16 (95% CI: 13.8–
18.2) months and 35.5 (95% CI: 19.6–51.4) months, respectively (HR 2.84, 95%CI: 1.58–5.11; P < 0.001). All the
differences had statistically signi�cance, as shown in Fig. 1. 

Initial induction treatment of MM was based on patients’ characteristics, the risk of toxicity, patients’ tolerance to
treatment, and also the patients’ willingness. Of all the patients, 61 (56.5%) patients received bortezomib-based
regimens as the �rst-line treatment, 37 (34.3%) patients received IMiDs (thalidomide or lenalidomide) based therapy,
4(3.7%) patients received bortezomib and IMiD based therapy, and rest of 6 (5.56%) patients received conventional
chemotherapy.

The Median OS of patients in both CPCs ≥ 0.105% and CPCs < 0.105% groups reveived IMiDs-based therapy was
not reached,while the median OS of patients received bortezomib-based therapy were 17.0 (95% CI: 5.6–28.4)
months and not reached respectively. However, according to K-M curves, patients with CPCs ≥ 0.105% showed
inferior trend for survival compared to patients with CPC < 0.105% after bortezomib-based therapy (HR
8.054 95%CI: 2.68–24.24;P < 0.001 Figure 2A), Intestingly, this trend was not showed signi�cant difference in
patients accepting IMiDs-based therapy (HR 2.21 95% CI : 0.67–7.25 P = 0.190 Figure 2C). 

On the other hand, median PFS of CPCs ≥ 0.105% and CPCs < 0.105% patients received bortezomib therapy were
15.5 (95% CI:6.19–24.8) months and not reached, which had statistically signi�cance (HR 3.39,95%CI: 1.44–7.94;
P < 0.001;Figure 2B) whereas in 2 groups of patients received IMiDs regimens was 19 (95% CI: 11.37–26.62)
months and 35.5(95% CI: 15.9–55) months, respectively (HR 1.38, 95%CI: 0.57–3.36; P = 0.455, Fig. 2D).
Survival analysis of CPCs level response after treatment

A total of 45 patients had complete follow-up data of CPCs level. Among them, 36 patients turned negative when
the best response was achieved after treatment. The rest of 9 patients remained positive. The median OS of CPCs-
positive patients was only 10 (95%CI 9.03–10.97) months, while that of CPCs-negative patients after treatment was
not reached. It suggested inferior outcome in CPCs-positive patients (HR 10.53, 95%CI:1.85–60.1; P < 0.001).
Median PFS of patients in 2 groups was respectively 8.0 (95% CI 5.49–12.74) and 24 (95%CI 19.37–28.63) months,
which also had a signi�cant difference (HR 4.03, 95%CI:1.12–14.58; P < 0.001), as shown in Fig. 3.

 

We further compared the minimal residual disease (MRD) status of bone marrow by �ow cytometry and peripheral
blood CPCs in 45 patients at remission point. MRD were still positive in bone marrow in 16 out of 36 CPCs-negative
patients, while CPC can be detected in all of the patients with positive MRD in bone marrow. The negative predictive
value of CPCs for bone marrow MRD was 56%, and the positive predictive value was 100% (Table 3).
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Table 3
Comparison of CPCs expression and paired MRD of bone marrow

  CPCs positive CPCs negative Total

Bone marrow MRD positive 9 16 25

Bone marrow MRD negative 0 20 20

Total 9(PPVCPCs=100%) 36(NPVCPCs=56%) 45

Abbreviations: PPVCPCs: positive predictive value MRD assessed from CPCs in peripheral blood; NPVCPCs:
negative predictive value MRD assessed from CPCs in peripheral blood

Univariate And Multivariate Cox Analysis For CPCs

In order to evaluate whether other factors could affect prognosis other than the CPCs expression, we used a Cox
proportional hazard model including age, β2-MG, LDH, sCr, CPCs, R-ISS stages III and High-risk cytogenetics to
explore their effects on OS and PFS. As a result, we found that the following factors negatively affected OS in the
univariate Cox model: β2-MG ≥ 3.5 mg/L, LDH ≥ 271U/L, sCr ≥ 177.8 µmol/L, CPCs ≥ 0.105%, R-ISS stages III and
High-risk cytogenetics. β2-MG ≥ 3.5 mg/L, sCr ≥ 177.8 µmol/L and CPCs ≥ 0.105% retained their signi�cant impact
on PFS. In a multivariate analysis, only CPCs ≥ 0.105% and R-ISS stages III had statistical signi�cance for inferior
OS, whereas only CPCs ≥ 0.105% predicted for worse PFS (Table 4)
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Table 4
Univariate and multivariate COX analysis of factors predicting wore OS and PFS

Variable OS PFS

Univariate Multivariate Univariate Multivariate

HR (95%
CI)

P-
value

HR (95% CI) P-
value

HR (95%
CI)

P-
value

HR (95%
CI)

P-
value

Age ≥ 65 years

β2-MG ≥ 
3.5 mg/L

LDH ≥ 271U/L

ALB < 35 g/L

sCr ≥ 
177.8µmml/L

Bone marrow
PCs ≥ 30%

CPCs ≥ 
0.015%

Extramedullary
lesions

R-ISS stages III

High-risk
cytogenetics

1.67(0.84–
3.31)

5.51(1.32–
23.05)

3.30
(1.48–
7.34)

0.87
(0.44–
1.72)

2.79
(1.37–
5.67)

1.91(0.96–
3.80)

4.81
(2.28–
10.14)

1.22(0.53–
2.81)

0.141

0.019

0.003

0.680

0.005

0.064

< 
0.001

0.645

<0.001

< 
0.001

NA

2.40(0.54–
11.72)

1.22 (0.38–
3.92)

NA

1.92 (0.83–
4.40)

NA

4.99(2.21–
11.31)

NA

4.52(2.13–
9.59)

1.497(0.45–
4.96)

NA

0.251

0.744

NA

0.126

NA

< 
0.001

NA

< 
0.001

0.516

1.07
(0.63–
1.82)

2.17
(1.06–
4.43)

1.85
(0.90–
3.78)

0.79
(0.47–
1.33)

1.91
(1.08–
3.39)

1.34(0.78–
2.32)

2.47
(1.44–
4.24)

0.93(0.47–
1.84)

1.66(0.95–
2.90)

1.68(0.94–
2.98)

0.791

0.034

0.092

0.374

0.027

0.293

0.001

0.833

0.076

0.080

NA

1.56
(0.74–
3.31)

NA

NA

1.75(0.97–
3.16)

NA

2.30(1.32–
4.01)

NA

NA

NA

NA

0.242

NA

NA

0.064

NA

0.003

NA

NA

NA

Abbreviations: β2-MG, β2-microglobulin; ALB, Serum albumin; LDH, Lactate dehydrogenase; sCr, Serum
creatinine; FISH, �uorescent in-situ hybridization; R-ISS, revised International Staging System; Bold entries
signify statistically signi�cant variables; NA, not applicable
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Variable OS PFS

Univariate Multivariate Univariate Multivariate

HR (95%
CI)

P-
value

HR (95% CI) P-
value

HR (95%
CI)

P-
value

HR (95%
CI)

P-
value

4.97(2.35–
10.49)

4.25(2.05–
8.82)

Abbreviations: β2-MG, β2-microglobulin; ALB, Serum albumin; LDH, Lactate dehydrogenase; sCr, Serum
creatinine; FISH, �uorescent in-situ hybridization; R-ISS, revised International Staging System; Bold entries
signify statistically signi�cant variables; NA, not applicable

 

Combined CPCs level and R-ISS stages to stratify MM patients

R-ISS staging system in conjunction with CPCs expression was applied to stratify the risk of multiple myeloma. On
the background of R-ISS stage (n = 10), there was no difference in OS between two groups with CPCs ≥ 0.105% and
CPCs < 0.105% (NR vs. NR, P = 0.593). Among patients with R-ISS stage (n=54), the median OS was 27 months for
those with CPCs ≥ 0.105% but was not reached for patients with CPCs < 0.105% (HR 3.46, 95%CI: 0.90-13.32; P = 
0.0383). A statistically signi�cant difference was found for OS among R-ISS  (n = 34) between patients with CPCs 
≥ 0.105% and CPCs < 0.105% (11.5months vs. 33 months, HR 6.09,95%CI:2.47–15.01, P < 0.001 ).There seem to be
a trend for worse survival in the CPCs ≥ 0.105% within R-ISS stage than that in the CPCs < 0.105% within R-ISS
stage , but showed no signi�cant difference, as shown in Fig. 4A (27 months vs. 33 months, HR 1.99, 95%CI: 0.54–
7.35; P = 0.313). 

On the other hand, there was no difference in PFS between patients with CPCs ≥ 0.105% and CPCs < 0.105% which
were marked as R-ISS stage (21 months vs. NR; HR 1.041, 95%CI: 0.46–2.37; P = 0.921) and R-ISS stage (13.75
months vs. NR; HR 1.97, 95%CI:0.122–31.92; P = 0.547). The median PFS for those with CPCs ≥ 0.105% was
signi�cantly worse than those patients with CPCs < 0.105%(10 months vs not reached, HR 7.32, 95%CI: 3.09–17.30;
P < 0.001) within R-ISS stage . but There was no signi�cant difference in survival between patients with CPCs < 
0.105% and CPCs ≥ 0.105%, as shown in Fig. 4B, although a trend for better survival appeared in R-ISS III stage
patients with CPCs < 0.105% by comparing to all of R-ISS stage patients or those R-ISS stage with CPCs ≥ 0.105%
(NR vs.21 months, HR 0.35, 95%CI: 0.12–1.03, P = 0.052; NR vs. 13.75 months, HR 0.26, 95%CI: 0.01–10.03, P = 
0.188, respectively).

Discussion
Several studies have demonstrated the higher CPCs is a negative prognostic factor in multiple myeloma at several
clinical investigations (diagnosis[5], pre-stem cell transplantation[14], and in the relapsed or refractory setting[7]). This
study has focus on 108 Chinese patients with symptomatic MM. We considered 0.105% was eligible cut-off value
for CPCs in predicting poor prognosis. Newly diagnosed multiple myeloma (NDMM) cases with high clonal CPCs
and its long term persistence is associated with inferior survival. Its prognostic value was independent of other well-
established prognostic markers,such as high-risk FISH cytogenetics, LDH at diagnosis β2-MG. Interestingly, when
we combined R-ISS staging system and CPCs levels to restratify the risk of multiple myeloma, patients with low
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CPCs in stage  had similar outcome to that in stage . However, high-risk R-ISS stage with CPCs ≥ 0.105% was
accounted as a much higher-risk factor.

The main cause leading to the existence of high number of CPCs is cytogenetic abnormalities. Recent study
showed that 13q deletion and t(4;14) were more common in patients with CPCs ≥ 2% compared with intramedullary
MM[4]. Another study from Mayo Clinic had also shown the incidence of t(4;14) was signi�cantly higher in those
with CPCs prior to autologous stem cell transplantation[14]. In the present study, It was observed that patients with
CPCs ≥ 0.105% had a twofold risk of harboring high-risk cytogenetics compared to those with CPCs < 0.105%.
When assessing the frequency of individual cytogenetic abnormalities, the frequency of P53 deletion, was
accounted for 14.3% of the whole cohort in the higher CPCs group, which was over eightfold (30% vs 3.4%) by
comparing with the CPCs lower. Inactivation of TP53 by coding mutation or 17p13 deletion are strikingly common
in both primary plasma cell leukemia(pPCL) and secondary leukemic transformation (sPCL) (pPCL 56%; sPCL 83%)
[15], suggesting that the impairment of the p53 tumor suppressor pathway might have a role in extramedullary
tumor expansion. As CPCs have been shown to be unique cytogenetic subclones of BMPCs, paired cytogenetic
analysis of CPCs and BMPCs should be performed in large cohorts of patients to identify the driver cytogenetic
abnormalities. This may shed light on their pathogenesis and role in disease progression.

With the advancement in technology utilized for diagnosis and the emergence of new agents for MM, these
previously de�ned prognostic markers have evolved with time[2, 16]. In this study, patients in high CPCs had a worse
median OS than those strati�ed by R-ISS  (24 months versus 32 months) but an identical median PFS of 16
months. Of note, the CPCs ≥ 0.105% was correlated with higher R-ISS stage; moreover, in R-ISS stage  patients,
about half of them with CPCs < 0.105% had not inferior survival as we had believed and only those with CPCs ≥ 
0.105% fell into a much higher-risk group with a dire prognosis (median OS = 11.5 months; PFS = 10 months). In
consideration of the strong impact resulting from multivariate COX analysis on OS, the presence of CPCs ≥ 0.105%
may be considered as an additional factor for R-ISS staging system. The combination of R- ISS and CPCs could
facilitate the clinical diagnosis and treatment in screening out higher-risk MM patients and determining therapy
regimen.

The impact of CPCs on prognosis was also evaluated by comparing OS between variant therapy regimens. We
found that the prognosis of patients with high CPCs in bortezomib group was signi�cantly inferior to that with low
CPCs. However, this evidence was not found in the IMiD group. Besides, a similar proportion of CPCs positive
patients turned CPCs negative after these two regimens. The above suggested IMiD was insu�cient to improve the
prognosis of patients with higher CPCs. Due to the relatively small cohort, it is need a large scale study and long-
term follow-up to judge whether CPCs could be taken as a response factor for treatment regimen.

Interestingly, circulating plasma cells were not detected in 64% patients with MRD positive bone marrow,however
there was a concomitance between CPCs positive MRD. It also indicated the positive value of CPCs as predictive
factor.

This study further explains the value of CPCs as a prognostic marker in myeloma. Furthermore, the presence of
CPCs appeared to enhance the current R-ISS staging prognostic system in distinguishing a subset of patients with
a particularly poor prognosis. Thus, these �ndings may have signi�cance in modifying the de�nitions of high-risk
disease and clinical practice in adopting a risk-adapted initial treatment.

Conclusion
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This study further explains the value of CPCs as a prognostic marker in myeloma. Furthermore, the presence of
CPCs appeared to enhance the current R-ISS staging prognostic system in distinguishing a subset of patients with
a particularly poor prognosis. Thus, these �ndings may have signi�cance in modifying the de�nitions of high-risk
disease and clinical practice in adopting a risk-adapted initial treatment.
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Figures

Figure 1

Kaplan-Meier plots according to CPCs group for overall survival (A) and progression-free survival (B)

Figure 2
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Kaplan-Meier plots according to CPCs group with different treatment regimens (A: overall survival with Bortezomib-
based treatment; B: progression-free survival with Bortezomib-based treatment; C: overall survival with IMiD-based
treatment; D: progression-free survival with IMiD-based treatment)

Figure 3

Kaplan-Meier plots according to CPCs group after treatment for overall survival(A) and progression-free survival(B)

Figure 4

Kaplan-Meier plots according to R-ISS stages based on CPCs expression for overall survival(A) and progression-free
survival(B)


