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Abstract. Plasma cell leukemia (PCL) is a rare and aggressive form of multiple myeloma (MM), 

characterized by the presence of malignant plasma cells in the peripheral blood. Until 2021, PCL 

was defined as plasmacytosis comprising at least 20% of the differential white blood cell count in 

peripheral blood. (CPCs). PCL was found in 2-4% of newly diagnosed MM cases. It can also 

develop from a preexisting, usually end-stage, MM, known as secondary PCL (sPCL), which 

exhibits distinct biological and clinical features. Both primary plasma cell leukemia (pPCL) and 

secondary plasma cell leukemia (sPCL) are very rare presentations of MM. According to the 

International Myeloma Working Group, plasma cell leukemia is generally diagnosed when the 

percentage of CPCs in peripheral blood exceeds 5%. PCL has a more aggressive clinical 

presentation than MM, involving more severe cytopenia, hypercalcemia, and renal failure. Higher 

tumor burden and proliferation activity in PCL are reflected by elevated levels of B2- B2-

microglobulin and lactate dehydrogenase (LDH). Extramedullary localization at diagnosis is more 

common in pPCL and sPCL than in MM. Conversely, osteolytic lesions are less frequent in pPCL. 

The immunophenotype of PCL expresses the common MM markers, CD38 and CD138, but 

exhibits a more immature phenotype than MM. Molecularly, PCL lacks a specific marker but 

shows a markedly lower frequency of hyperploidy and significantly increased gains of 

chromosome 1 and translocations t(14;16) or t(14;20). Additionally, it has also been reported that 

the t(11;14) translocation occurs more frequently and is associated with a better prognosis. The 

recent therapy of PCL is similar to that of other high-grade myelomas, taking advantage of anti-

proteasome, like bortezomib, an immunomodulator, like lenalidomide, and dexamethasone triplet 

+ anti-CD38 antibody and/or cyclophosphamide, and hematopoietic stem cell transplantation. 

However, the results are not as good as in the other forms of myeloma. 
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Introduction. Plasma cell leukemia (PCL) is a rare, 

aggressive form of MM, characterized by the presence of 

malignant plasma cells in the peripheral blood. Until 

2021, PCL was operationally defined by the presence of 

plasmacytosis accounting for ≥20% of the differential 

white blood cell count in the peripheral blood and/or an 
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absolute number of 2 × 10^9/l CPCs. Following these 

criteria, PCL was found in 2-4% of newly diagnosed MM 

cases (primary PCL). PCL can also arise from a 

preexisting, and typically end-stage, MM, and it is 

referred to as secondary PCL (sPCL) in these cases, with 

distinct biological and clinical features. 

Both primary plasma cell leukemia (pPCL) and 

secondary plasma cell leukemia (sPCL) are very 

uncommon subtypes of MM, with pPCL being more 

frequent than sPCL; however, the frequency of MM 

transformation into sPCL is increasing as patients 

survive longer. The molecular basis of sPCL remains 

poorly understood. sPCL is particularly aggressive and is 

associated with an extremely poor prognosis, 

constituting a major unmet medical need. High-quality 

data in PCL regarding presentation, treatment, and 

outcomes is limited. Herein, we review the current state 

of knowledge on PCL diagnostics, molecular biology, 

clinical characteristics, prognosis, and reported treatment 

outcomes, as well as the emergence of new therapeutic 

strategies. From 1960 to 2008, of newly diagnosed MM 

patients seen at the Mayo Clinic, 1.3% were diagnosed 

with PCL.4 The crude incidence of primary plasma cell 

leukemia (pPCL) in Europe is 0.4 new cases per million.4 

Among 75399 patients with MM in the Surveillance, 

Epidemiology, and End Results (SEER) database from 

1973 to 2009, PCL accounted for approximately 0.6%5 

Generally, pPCL accounts for about 60–70% of all PCL 

cases, while secondary plasma cell leukemia (sPCL) 

constitutes the remaining 30–40%.4 These statistics were 

made when the definition of PCL was based on the 

presence of an absolute count of plasma cells ≥2 ×10^9/l 

and/or ≥20% circulating plasma cells (CPCs) in PB.1,3 

Today, according to the International Myeloma Working 

Group, the diagnosis of plasma cell leukemia is generally 

based on the percentage of CPCs in peripheral blood, 

which should be greater than 5%.5,6 The count can be 

performed on a Giemsa-stained blood smear, but a 

cytofluorimetric count is preferred. However, it has been 

shown that patients with 2%-5% CPCs have similar 

outcomes to those with 5%-20% CPCs.6,7 Therefore, 2% 

CTCs could serve as a biomarker of occult primary PCL 

and aid in assessing CPCs by flow cytometry during the 

diagnostic workup of MM.8-10 Patients with CPCs in the 

range of 2% to 20% represent about 4% of the whole 

cohort and have shorter PFS than patients with CPCs 

<2% (3.1 vs 15.6 months, respectively), as well as shorter 

OS (14.6 vs 33.6 months, respectively).8 The proportion 

of sPCL among all MM is increasing, likely due to the 

new classification. Furthermore, some differences may 

exist among different ethnic groups. In Chinese papers, 

the incidence of patients with pCPCs >20% could be 

more than 5% of all MM, and those with CPCs >5% 

could be more than 10%.9,10 

Patients in the 2-20% group had a higher frequency 

of ISS III stage, elevated LDH levels, and high risk 

cytogenetic abnormalities.8-10 Finally, patients with 2-

20% CTPCs have a prognosis comparable to that of 

patients with primary PCL.8-11 In conclusion, some 

studies have demonstrated that a CTPC cut-off enables 

the identification of a subgroup of ultra-high-risk MM 

patients.8-11 All these observations strongly support the 

inclusion of CTPC evaluation by flow cytometry as a 

standard part of the diagnostic workup of MM patients.8-

11 The clinical presentation of PCL is more aggressive 

than that observed in MM, including more severe 

cytopenia, hypercalcemia, and renal insufficiency. Higher 

tumor burden and PCL proliferation activity are reflected 

in higher levels of B2-microglobulin and lactate 

dehydrogenase (LDH) (Table 1). Extramedullary 

involvement (lymph nodes, liver, spleen, pleura, and 

central nervous system) at diagnosis is more common in 

pPCL and sPCL than in MM. Still, osteolytic lesions are 

more frequent in sPCL and MM than in pPCL.13–16 A 

further sign of a bad prognosis is the presence of 

extraosseous localization (Table 1).17-18 

Immunophenotype. Various studies have analyzed the 

immunophenotype of PCL. The two common MM 

markers, CD38 and CD138 antigens, are similarly 

expressed in MM and PCL. Immunophenotypic 

expressions were similar for CD38, CD138, CD2, CD3, 

CD16, CD10, CD13, and CD15, but PCL differed from 

MM in the expression of CD56, CD9 HLA-DR, CD117, 

and CD20 antigens.18 However, PCL displays a more 

immature phenotype than MM, expressing more 

frequently CD20, CD23, CD28, CD44, and CD45, and 

less frequently CD9, CD56, CD71, CD117, and HLA- 

DR antigens.18–22 Furthermore, there are differences in 

the immunophenotypes of pPCL and sPCL. FC is an 

excellent method for identifying circulating PCs7,19 as a 

significantly higher number was identified by FC than by 

morphology (267% vs. 135%, P = 002). None of the 

secondary PCL cases expressed CD19 or CD20. A low 

level of expression, with similar positivity for CD27, 

CD28, CD81, and CD117, was observed in both PCL 

groups. A decrease in CD44 expression was detected 

only in secondary PCL.15,16 

Numerous features distinguish PCL from standard 

MM, including molecular features (at the genomic and 

gene expression levels), phenotypic and bone marrow 

microenvironment features, different frequencies of 

cytogenetic abnormalities, a low proportion of 

hyperdiploidy, impaired renal function, high tumor 

burden, and high LDH levels (Table 1). 

Cytogenetic and Molecular Features. Few studies have 

reported an extensive molecular characterization of 

relatively large cohorts of pPCL (Table 1). A 

fundamental study by Cazuabiel et al.23 reported targeted 

DNA and RNA sequencing results from 96 pPCL 

samples and compared them with those observed in a 
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Table 1. Comparison of some clinical and laboratory features in patients with a newly diagnosed Multiple Myeloma, Primary Plasma Cell 

Leukemia, and Secondary Plasma Cell Myeloma (from ref. 6,14,16,21,25,26, 27,28). 
 

Clinical and laboratory features in patients with a newly diagnosed Multiple Myeloma, Primary Plasma Cell Leukemia, and 

Secondary Plasma Cell Myeloma 

Clinica Laboratory features NDMM pPCL sPCL 

References  6-10 15,16, 27, 29 

Younger patients +/- ++ + 

Anemia + ++ ++ 

Thrombocytopenia + ++ ++ 

Hypercalcemia + ++ ++ 

Renal Impairment + ++ ++ 

High LDH + +++ ++ 

Beta2-Microglobulin + +++ + 

Lytic lesions +++ + ++ 

Bone marrow infiltration ++ +++ +++ 

Extramedullary involvement +/- ++ +++ 

Advanced stage + +++/- +++ 

Phenotype CD19+; CD20+ +/- ++ - 

Phenotype CD56+ ++ +/- ++ 

IgA ++ + ++ 

Light chains, non-secretory + ++ ++ 

t(11;14) + ++ +/- 

-17/del(17p13) + ++ +++ 

Del(1p32/+q21 ++ ++ +++ 

Hyperploidity ++ +/- + 

Median OS, Months +++ ++/- + 

del, deletion; LDH, lactate dehydrogenase; NDMM, newly diagnosed multiple myeloma; pPCL, primary plasma cell leukemia; sPCL, 

secondary plasma cell leukemia; t, translocation; OS, Overall Survival. 
 

large cohort of MM patients. The main findings of this 

genomic analysis were: (i) a lower frequency of 

hyperploidy compared to MM (20% vs 57%, 

respectively); (ii) high prevalence of some IgH 

translocations with higher frequency in pPCL than in 

MM, such as t(11;14) (51% vs 23%, respectively), 

t(14;16) (14% vs 3%), while other IgH translocations 

were observed at comparable frequencies, such as t(4;14) 

(11% vs 10%, respectively); (iii) several adverse 

cytogenetic abnormalities are more frequent in pPCL 

than in MM, such as del(17p) (30% vs 9.5%, 

respectively), 1q gain (56% vs 32%) and del (1p32) (24% 

vs 9%); (iv) some gene mutations, such as TP53 (21% vs 

5%) and IRF4 (11% vs 4%) were more frequent in pPCL 

than in MM; (v) biallelic TP53 inactivation was much 

more frequent in pPCL than in MM (17% vs 3%, 

respectively).23 

At the gene expression level, genes involved in MYC 

targets and G2M checkpoint are significantly more 

expressed in pPCL than in MM.24 A whole-exome 

sequencing analysis conducted by Schinke et al.25 in a 

small cohort of PCL patients confirmed these findings, 

revealing the accumulation of complex structural 

changes and adverse genetic events in these tumors, 

which could account for the poor outcomes in this patient 

group. The number of mutations is higher in pPCL than 

in MM, seemingly due to a greater prevalence of the 

APOBEC mutational signature induced by MAF/MAFB 

translocations.25 This study confirmed a markedly 

reduced frequency of hyperploidy and a strongly 

increased frequency of gains of chromosome 1 and of 

t(14;16) or t(14;20) in pPCL compared to MM.25 Several 

driver genes, such as KRAS, TP53, EGR1, LTB, 

PRDM1, EP300, NF1, PIK3CA, and ZFP361, are 

significantly more frequently mutated in pPCL than in 

MM.25 In a more recent study, Cazaubiel et al. evaluated 

the molecular heterogeneity of PCLs and defined two 

subgroups with distinct genomic and transcriptomic 

features, based on the presence or absence of the t(11;14) 

translocation.26 These two subgroups differ in the 

frequency of chromosome 1 abnormalities, such as 

amp1q, gain 1q, and del1p32, which is much higher in the 

subgroup without t(11;14) than in the subgroup with 

t(11;14)26 (Table 1 and Figure 1). Importantly, the cases 

with two or more lesions, including del 17p, gain/amp 1q, 

and/or del 1p, are much more frequent among PCLs 

without t(11;14) compared with those with this 

translocation.25 In line with these findings, PCLs with 
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Figure 1. Genomic and transcriptome of malignant plasma cells from primary PCL compared with newly diagnosed multiple myeloma. 

 

t(11;14) have a better prognosis than those without 

t(11;14).26 In addition, van de Donk et al. reported that 

the cytogenetic profile differed between patients aged 

≤65 years and those aged >66 years enrolled in the pPCL 

EMN12/HOVON-129 study.27 The authors reported that 

the frequency of t(11;14) was lower, whereas the 

frequencies of t(14;16) and del(17p) were higher in 

patients with pPCL aged ≤65 years. 

Bruinink and coworkers identified a peculiar 

transcriptomic profile associated with pPCL and PCL- 

like MM characterized by higher levels of CTPCs.8 This 

transcriptomic classifier was identified from the analysis 

of genes differentially expressed in pPCL and MM 

samples; after selecting the 54 most differentially 

expressed genes, it included genes involved in cell 

adhesion, tumor suppression, proliferation, RNA 

splicing, cell migration, and DNA damage control.8 This 

transcriptomic classifier identified 94% of pPCL and a 

subgroup of newly identified MMs, defined as PCL-like; 

these PCL-like tumors were identified in 15% of MMs, 

2% of MGUS, and 8% of SMM.27 At the cytogenetic 

level, PCL-like MMs are more similar to PCLs than to 

non-PCL-like MMs (i.e., iMMs); several remarkable 

cytogenetic differences have been observed between 

PCL-like MMs and iMMs. 53% of PCL-like MMs have 

CTPC values of 2%. The analysis of a large cohort of 

2,139 MM patients showed that PCL-like MMs have a 

significantly shorter PFS and OS compared to iMMs. 

Secondary PCL (sPCL) represents the leukemic 

transformation of a preexisting MM. Some remarkable 

differences distinguish sPCL from pPCL. Thus, an initial 

study by Gonzalez-Paz et al. showed that sPCL harbors 

t(11;14) much less frequently than pPCL; in contrast, 

t(4;14) and t(16;14) are more frequent in sPCL than in 

pPCL; TP53 mutations are more frequent in pPCL than 

in sPCL.14 Papadhimitriou et al.28 reported the molecular 

characterization of 25 pPCL and 19 sPCL, showing that: 

(i) sPCL had more cytogenetic abnormalities than pPCL; 

del(13q) was more frequent in sPCL (94.7%) than in 

pPCL (59.1%); del(17p) was markedly more frequent in 

sPCL (68%) than in pPCL (16%); t(11;14) was present 

only in pPCL (52%) and absent in sPCL; t(4;14) and 

chromosome 1 alterations displayed a trend toward an 

higher frequency in sPCL; MYC translocations were 

more frequent in pPCL than in sPCL.28,29 

Skerget et al.30 examined the gene expression profiles 

of pPCL and sPCL and found that 26% of pPCL and 83% 

of sPCL exhibit a proliferation signature associated with 

poor outcomes. Interestingly, some patients who 

transitioned to a proliferation profile acquired genetic 

alterations, such as biallelic deletions of CDKN2C or 

RB1, which predisposed them to a proliferation 

phenotype.30 Patients with a PR profile have a 

significantly shorter OS than those without a PR 

phenotype.30 

Lee et al. have explored the mutational profile of 

malignant plasma cells in BM and in PB in a few patients 

with pPCL and sPCL.31 This analysis revealed that while 

the majority of variants were detected in both BM and 

PB plasma cells, some variants were selectively found in 

either BM or PB plasma cells.30 In pPCL samples, 

MED12 and VPS13B variants were observed only in 
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Table 2. Factors predicting prognosis in Plasma Cell Leukemia vs. MM staging.  

Multiple Myeloma Primary Plasma Cell Leukemia Factors Predicting Prognosis 
 

R2-ISS Staging  

D’Agostino, 33 
Jurczyszyn, 36 Kontroditou, 37 Deng 12 Tian 38  

Age>65* Age VGPR    

b2-microglobulin* 
Platelets 

 b2-microglobulin 
Platelets  

<100 ×109/L <100x109/L  

Albumin* PCC>20%     

LDH   LDH  LDH  

CA: del(17p); t(4;14); 

t(14;16)  
  CA: del (17) 

CA: del(17p)  

T(4:14); t(14;16)  

1q+ ≠      

* ISS;  R1-ISS; ≠ R2-ISS.   
 

PB, while ZMY/M3 variants were observed only in BM.32 

In pPCL samples, shared variants were expressed at 

higher allele frequencies in PB than in BM.32,33 

 

Prognosis. As in classical multiple myeloma, pPCL 

prognosis is influenced by host characteristics, tumor 

burden (stage), biology (including cytogenetic 

abnormalities), and response to therapy. The existing risk 

models for multiple myeloma (MM) are suboptimal for 

stratifying patients with primary plasma cell leukemia 

(pPCL), considering that the percentage of circulating 

plasmablasts is not included among the parameters of all 

types of R-ISS;34 it is currently considered a significant 

sign that worsens the prognosis.11,24,34 So, a proportion of 

patients with PCL remain in stages I and II.12,15,33 In 

general, the prognosis of pPCL is worse than that of MM, 

but better than that of sPCL.14-16,28,30,32.33 However, not all 

pPCL have the same prognosis; therefore, over the last 

few years, several proposals have been made for specific 

indicators in pPCL (Table 2).8-12,34 

An European American multicenter retrospective 

study analyzed clinical characteristics and outcomes in 

117 patients with primary plasma cell leukemia (pPCL) 

treated at the participating institutions between January 

2006 and [missing information] December 2016. The 

median age at pPCL diagnosis was 61 years. Ninety- 

eight patients were treated with novel agents, with an 

overall response rate of 78%. 

Multivariate analyses identified age ≥60 years, 

platelet count ≤100 × 109/L, and peripheral blood plasma 

cell count ≥20 × 109/L as independent predictors of 

worse survival. The median OS in patients with 0, 1, or 

2–3 of these risk factors was 46, 27, and 12 months, 

respectively (P < 0_001). These findings support the use 

of novel agents and ASCT as frontline treatment in 

patients with pPCL.36 

In the same year, 2018, the Greek Myeloma Study 
Group retrospectively reviewed the medical records of 

50 consecutive pPCL patients registered in the Greek 

Myeloma Study Group (GMSG) database between 

January 2000 and January 2016, among 2711 patients 

with MM. These patients were all treated with novel 

drugs, including bortezomib.37 In the Cox regression 

analysis, they found that, in univariate analysis, 

Bortezomib-based therapy + ASCT predicted OS. In 

multivariate analysis, achieving very good partial 

remission (vgPR) and LDH ≥ 300 U/L were significant 

predictors of OS. 

Similarly, a multicenter retrospective study was 

conducted across 16 hospitals in China.12 A total of 102 

pPCL patients were included in this study. The 12-month, 

24-month, and 36-month OS rates for pPCL patients were 

75.4%, 58.3%, and 47.6%, respectively. An overall 

survival prognostic nomogram for pPCL patients was 

developed by integrating independent prognostic factors. 

A nomogram incorporating age, b2MG grade, and del17p 

was developed and validated to accurately and 

consistently predict the prognosis of pPCL patients.12 

A more comprehensive study38 on the stratification of 

patients with primary plasma cell leukemia (pPCL) was 

recently conducted in China by Tian et al. They aimed to 

develop a staging system for pPCL, defined as ≥ 5% 

circulating plasma cells (CPC) according to the new 

diagnostic criteria, using one of the largest pPCL patient 

series, comprising 340 patients (the training cohort) from 

25 centers across China. The prognostic impact of 

baseline features and cytogenetic abnormalities was 

assessed. Univariate and multivariate analyses identified 

variables predicting overall survival (OS) to create a 

staging system. Its performance was then validated in an 

independent cohort (n = 80). Genome-wide DNA and 

RNA sequencing explored the molecular basis for 

clinical differences between stages. Del(17p), t(4;14), 

and t(14;16), but not 1q+, were confirmed as high-risk 

cytogenetic abnormalities (HRCAs) of pPCL. Elevated 

LDH and thrombocytopenia also strongly affected OS. 

These findings contributed to a simple algorithm that 

stratifies pPCL patients into stages I, II, and III, with 

median OS of 54.1, 24.0, and 5.4 months, respectively 

(II vs. I: HR, 1.986; 95% CI, 1.034–3.814; P = 0.0394). 
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The model’s accuracy (c-index 0.711) exceeded that of 

other models. Furthermore, patients in different stages 

exhibited markedly distinct genomic and transcriptomic 

abnormalities.38 

The articles cited so far do not take into account the 

location where patients were treated. This is a crucial 

factor, not only in distinguishing between low-income 

and high-income countries but also in considering the 

hospitals where patients are treated. In a recent article,38 

Saba and Colleagues distinguished between 30-day 

mortality and late mortality. They stressed in their study 

that the 30-day mortality was statistically influenced by 

physiological and social determinants, including male 

gender, increased comorbidity burden (CCI), and type of 

insurance.39 

In conclusion, the parameters proposed for predicting 

the outcome of single cases of pPCL are not significantly 

different from those in the R2-ISS, but they involve 

fewer predictors (Table 2). 

Therapy. Standard therapy for myeloma has been shown 

for many years to be ineffective in pPCL. The median 

life of patients treated with melphalan, prednisone, or 

VAD was a few months.39 However, in the same paper, 

patients treated with a high-risk lymphoma-like cycle 

had a median survival of 22 months (Table 3). The 

efficacy of hematopoietic stem cell transplantation has 

been well documented, even before the introduction of 

new drugs for MM.40-42 We reported many years ago a 

patient with primary plasma cell leukemia, resistant to 

VAD, who went into remission with Cyclophosphamide 

and Vepesid and then underwent transplantation with 

CD34-positive selected cells. She is in complete 

remission and well at present, thirty years later.41 The 

introduction of bortezomib was fundamental in myeloma 

therapy and similarly was in pPCL.42-46 The addition of 

Bortezomib to Cyclophosphamide and dexamethasone 

improved overall survival in pPCL, particularly when 

combined with autologous hematopoietic stem cell 

transplant.43,44 The addition of bortezomib was 

considered real progress.43-48 Royer and Coll. treated 40 

patients with Bortezomib, Cyclophosphamide, 

Doxorubicin, and Dexamethasone, observing a median 

OS and PFS of 36.3 and 15.1 months, respectively. The 

12-month PFS was 58%, and the 12-month OS was 75%. 

The ORR to induction was 69%, which included VGPR 

or better in 36% (n = 14), and the best response achieved 

during the entire program was VGPR or better in 59% (n 

= 23).48 Similarly, Pagano and colleagues49 achieved a 

55% CR by combining bortezomib with high-dose 

cyclophosphamide and double autologous stem cell 

transplantation (aHSCT). The median OS of patients 

who achieved CR was not reached, and their PFS was 50 

months. Following the evolution of treatment for patients 

with a new diagnosis of newly diagnosed multiple 

myeloma (NDMM) in transplant-eligible (TE) 

patients,50 the pPCL treatment has also changed. 

 However, the prognosis, particularly of sPCL patients, 

remained poor. Tessier et al., in a retrospective analysis 

involving 33 pPCL and 66 sPCL treated from 2005 to 

2020, observed a mOS for pPCL and sPCL of18.3 

months and 1.3 months, respectively; in pPCL patients, 

autologous HSCT improved OS compared to 

chemotherapy alone.15 The impact of HSCT on patients 

with sPCL cannot be assessed because these patients 

were rarely transplanted.12 These investigators did not 

observe improvement in OS over time (2005–2012 vs. 

2013–2020, p=0.629 for pPCL and p=0.329 for sPCL); 

after 2012, bortezomib was introduced in the therapy of 

all patients with pPCL. Mina and coworkers51 reported 

treatment response in 38 pPCL patients undergoing a 

bortezomib-based induction regimen. In 92% of these 

patients, the response was associated with an 

immunomodulatory drug, and 74% underwent aHSCT.51 

The ORR was 87%, with 45% of CR; the mPFS was 20 

months, and the mOS was 33 months; PFS was 

prolonged in patients undergoing aHSCT in comparison 

with those who did not undergo aHSCT (25 vs 6 

months); patients who received maintenance therapy 

after aHSCT displayed prolonged mPFS 27 vs 11 

months) compared to those who did not receive 

maintenance therapy.50 The maintenance therapy 

included Revlimid, Bortezomib (Velcade), and 

Dexamethasone (lenalidomide, bortezomib, and 

dexamethasone) more frequently or one or 2 of these 

drugs.50 

A large retrospective analysis of 153 PCL patients, 

using the new definition of ≥5% circulating plasma cells, 

was conducted across seven academic centers in the 

United States, examining clinical features and treatment 

outcomes.52 This is one of the largest multicenter studies 

conducted in the US on this rare disease, involving 93 

patients with primary PCL and 57 with secondary PCL. 

Additionally, associations between patient 

characteristics and mortality were investigated using Cox 

proportional hazards regression models. This paper 

confirms well-known data in numerous cases, such as the 

association of secondary PCL with a worse prognosis, 

showing an overall survival of 3.2 months compared to 

36.6 months for primary PCL (P<0.001). Receipt of a 

transplant was associated with a survival advantage in 

both primary PCL (Hazard Ratio [HR] = 0.16, P < 0.001) 

and secondary PCL (HR = 0.20, P = 0.001). No 

significant difference in outcomes was observed between 

proteasome inhibitor-based triplet regimens and the 

VTD-PACE-like regimen. The presence of 

extramedullary disease and high-risk cytogenetics was 

not associated with survival in the primary PCL group 

(Table 3).52 

Like other forms of myeloma, the three-drug 

induction regimen combining a proteasome inhibitor, 

such as bortezomib, an immunomodulatory drug, such as 

lenalidomide, and dexamethasone (RVd) was believed to 

be the most promising frontline induction therapy at the
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Table 3. Evolution of the therapy for Plasma Cell Leukemia. 
 

Study Name or 
First Author, ref., Years 

Patients 

Number 
Treatments Actual Transplants N° 

Results 

Months 

Dimopoulos, 40 1994 
10 
17 

Alkeran +Steroids 

C+VP+Steroids 
0 

OS: 2 months 
OS: 20 months 

Royer, 48 2016 40 B D Dx or C 
Singen. Allo:1 Auto:26 

stAllo 16, stAuto 6 

RR: 69% 

PFS:15.1 OS:36 

Mina, 51 2019 38 
B R or T D 

M: BRD 
Auto: 28 

PFS:11 PFSm: 27 
OS: 22 OSm: 38 

Van De Donk, 27 2023 
Youngs:36 

Older: 25 

KRD M: KR 

KRD M: KR 
24, youngs only 

yPFS:15.5oPFS:14 

yOS: 28 oOS: 24.8 

Singh, 52 2025 
pPCL: 93 
sPCL: 57 

BR/TD: 73% +Others 
VTD-PACE: 41% 

63(69%) 
10 (24%) 

OS: 36.6 
OS: 3,2 

Kondritou,56 2023 pPCL 110 
VDR/DBQ 

CT/BSC/ 
Auto: 41 Allo: 1 

PFS: 25 OS: NR 

PFS: 13 OS: 20 

Usmani, 59 2021 
100 

UHR MM 
52, RVD M: RVD 

48, RVD+E M: RVD 
Auto only after relapse. 

PFS: 33; OS:>68 
PFS: 31; OS:68 

Kaiser, 60 2023 
107 

UHR, MM 
Dara-CVRd vs MyeXI 

M: Dara-R 
Auto: 98 (92%) 

PFS at 18m 77vs.40% 

OS at 18m 83vs.73% 

B/V: Bortezomib/Velcade; D: Dexamethasone; C: Cyclophosphamide; Dx: Doxorubicine; RR: Response Rate; PFS: Progression Free Survival; 

OS: Overall Survival; stAllo: Second Allo-transplant; stAuto: Second Auto-transplant; R: Lenalidomide/Revlimid; T: Talidomide; M: 

Maintenace: M/m; E: Elontuzumab; K: Carfilzomib;y: young; o:old ; GPR: Good partial response; UHR: Ultra High Risk; MM: Multiple 

Myeloma; Dara: Daratumumab; MyeXI: CVRd, or RCD, ASCT, and R maintenance or observation; BSC: Bortezomib standard combination; 

CT: Conventional Chemotherapy; NR: Not reached; DBQ: Daratumumab-based quadruplet. 

 

time; however, the PCL shows a reduced response 

rate.51,52 The antibodies to CD38, used successfully in 

other forms of myeloma, have been shown to be effective 

in relapsed or resistant PCLs.53-54 However, in patients 

with a new diagnosis, there are no randomized studies 

demonstrating a statistically significant advantage in 

outcomes with a Triplet such as RVD, even though the 

study by Li et al. showed that daratumumab in the 

therapy significantly prolongs OS.54 

A more modern proteasome inhibitor, carfilzomib, 

has been used as a substitute for Bortezomib (Velcade) 

in the therapy of pPCL. The results of the non- 

randomized, phase II study EMN12/HOVON-129 were 

released in 2023.56 This study involved 61 newly 

diagnosed pPCL (NDPCL) patients treated with 

carfilzomib, lenalidomide, and dexamethasone (KRd) 

induction, followed by double aHSCT, four cycles of 

KRd consolidation, and then maintenance with 

carfilzomib and lenalidomide until progression. With a 

median follow-up of 43.5 months, the median 

progression-free survival (mPFS) was 15.5 months for 

younger patients and 13.8 months for older patients. 

Although these results show an improvement in PFS 

compared with previous studies, they remain clearly 

inferior to MM in pPCL.27 

Katodritou et al. (2023) retrospectively analyzed 110 

pPCL patients undergoing treatment with either the 

bortezomib-lenalidomide triplet (VRd) or the 

daratumumab-based quadruplet (DBQ), compared with 

previous therapies such as conventional chemotherapy 

(CT) or bortezomib standard combinations (BSC).56 

Treatment with VRd/DBQ correlated with a higher     

complete response rate (41% vs 17%), longer PFS (25 

months vs 13 months), and OS (not reached vs 20 

months) (Table 3).56 

Recently, Shalabi and others57 identified 30 patients 

with pPCL and 29 patients with sPCL. 

Of the entire cohort, 51.9% received an induction 

regimen with novel agents, excluding chemotherapy. Of 

the evaluable patients with pPCL and sPCL, 82.1% 

(23/28) and 64.7% (11/17), respectively, achieved a 

partial response or better. Median PFS was significantly 

worse in patients with sPCL than pPCL (2.2 vs. 38.3 

months; HR 0.16; 95% CI (0.07-0.35), P ≤.001). Median 

OS was also worse in patients with sPCL than in those 

with pPCL (3.1 months vs. NR [not reached]; HR 0.09; 

95% CI 0.04-0.23; P ≤ .001). The median post-SCT 

survival for patients with pPCL was NR compared with 

6.7 months for patients with sPCL (HR 0.17; 95% CI 

(0.03-0.83), P = .03). 

The median time to transform into sPCL in patients 

who received Daratumumab (Dara)- containing regimens 

for multiple myeloma was 46.8 months, compared with 

12.3 months in patients who didn’t (P = .007). Dara's 

refractory status was associated with worse OS (HR 5.63; 

95% CI (2.75-11.51), P ≤0.001). 

 

Therapy of High-Risk Myeloma, Including pPCL. 

Considering that there are many MM with circulant 

neoplastic plasma cells, which are a significant risk 

factor, and have a prognosis not so different from plasma 

cell leukemia,8-11 there is a tendency not to consider the 

PCL a distinct entity, but to classify it in a group of ultra-

high-risk (UHR) myeloma together with the 

extramedullary myelomas and multi-hit myeloma (the 

co-occurrence of two or more high-risk cytogenetic 

abnormalities), extramedullary disease, plasma cell 

leukemia, and a high-risk gene expression profiling 

signature have emerged as defining features of ultrahigh- 

risk  multiple   myeloma (uHRMM).58  Consequently,  in
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some recent trials, the pPCLs were classified together 

with high-risk molecular features MM. The SWOG 1211 

trial randomly assigned MM patients with high-risk 

molecular features (t(14;16), t(14;20), del(17p), 

ampl(1q21) or pPCL to treatment with VRD 

(bortezomib/Velcade, lenalidomide/Revlimid, and 

dexamethasone) alone or in combination with 

elotuzumab (RVD-E); however, RVD-E treatment failed 

to improve PFS over RVD (median PFS 31.5 vs 36.4 

months) (Table 3 and Figure 2).59 
 

Figure 2. Overall survival of two groups of patients treated with 

Bortezomid, Lenalidomide, and Dexamethasone with and without 

Elotuzumab. No statistically significant differences. From Usnami et 

Al.59 

 

The multicenter OPTIMUM phase II trial 876) 

investigated treatment based on daratumumab, low- dose 

cyclophosphamide, lenalidomide, bortezomib and 

dexamethasone (Dara-CVRD) before and after ASCT in 

MM patients with ultra-high-risk disease, including 

pPCL patients: This treatment was compared to the 

results obtained in comparable MM patients treated in 

the context of MyeX1 trial (patients treated with 

carfilzomib, lenalidomide, dexamethasone and 

cyclophosphamide or lenalidomide, daratumumab and 

dexamethasone). At a 30-month follow-up, PFS was 

77% with OPTIMUM versus 39.8% with MyeXI, and 

OS was 83.5% with OPTIMUM versus 73.5% with 

MyeXI.60 

The GMMG-CONCEPT trial (2024) investigated 

isatuximab, carfilzomib, lenalidomide, and 

dexamethasone (Isa-KRD) in transplant-eligible (TE) 

and transplant-noneligible (TNE) patients with MM with 

high-risk molecular features or with pPCL.61 The 

patients achieved a MRD negativity after consolidation 

therapy of 67.7% among the TE patients and of 54.2% in 

TNE patients; MRD negativity was sustained for 1 year 

in 62.6% of patients; with a median follow-up of 44 

months (TE patients) or of 33 months (TNE patients), 

median PFS was not reached in either arm.61 

 

Transplant Evaluation. Hematopoietic stem cell 

transplantation after an eradicating regimen constitutes a 

fundamental step in the PCL upfront treatment in fit 

patients. The increase of OS and PFS in transplanted 

patients compared to non-transplant patients is well- 

documented and widely accepted.6,49,51,56 

However, the modalities of transplantation are 

various and include Autologous Stem cell 

transplantation, double autologous aHSCT, Allogeneic 

Stem Cell Transplantation, aHSCT followed by 

alloHSCT, allo-HSCT followed by aHSCT. 

Due to the rarity of PCL, only collaborative studies 

have sufficient numbers of patients to achieve statistical 

significance. Dhakal et al.62 report patients in the 

CIBMTR (Center for International Blood & Marrow 

Transplant Research) Database, which registers patients 

from 450 centers, mostly in the USA. They report the 

outcomes of 348 patients with pPCL who received 

autologous (auto-) HCT (n = 277) or allogeneic (allo-) 

HCT (n = 71) between 2008 and 2015. Karnofsky 

performance status (KPS) > 90 and ≥ very good partial 

response (VGPR) predicted superior OS in multivariate 

analysis for auto-HCT. For allo-HCT, the 4-year 

outcomes were: NRM 12% (5–21%), REL 69% (56– 

81%), PFS 19% (10–31%), and OS 31% (19–44%). 
Compared with prior CIBMTR pPCL patients (1995– 

2006), the current cohort had inferior survival (3-year 

OS: 39% vs. 38% in allo-HCT and 62% vs. 35% in auto- 

HCT). However, HCT utilization increased from 12% 

(7–21%) in 1995 to 46% (34–64%) in 2009, as reported 

in SEER data (available through 2009).62 

Lawless et al. (2023)63 made an updated, retrospective 

analysis of the European Blood and Marrow 

Transplantation Group (EBMT) based on 751 pPCL 

patients transplanted between 1998 and 2014, comparing 

four different modalities of transplant strategies, 

including single auto-SCT and single allo- SCT; with a 

median follow-up of 4 years, the mPFS and mOS of all 

these patients were 14 and 33 months, respectively.63 

Initial comparisons were made between patients 

undergoing allo-first (n=70) versus auto-first (n=681), 

regardless of a subsequent second transplant. The allo- 

first group had a lower relapse rate (45.9%, 95% 

confidence interval [95% CI]: 33.2-58.6 vs. 68.4%, 64.4- 

72.4) but higher non-relapse mortality (27%, 95% CI: 
15.9-38.1 vs. 7.3%, 5.2-9.4) at 36 months. Patients who 

underwent allo-first had a remarkably higher risk in the 

first 100 days for both overall survival and progression- 

free survival. Patients undergoing auto-allo (n=122) had 

no increased short-term risk and a significant benefit in 

progression-free survival after 100 days compared with 

those undergoing single auto (hazard ratio [HR]=0.69, 

95% CI: 0.52-0.92; P=0.012). Auto-auto (n=117) was an 

effective option for patients who achieved complete 

remission prior to their first transplant, whereas in patients 

who did not, our modeling predicted that auto- allo was 

superior. This study confirms a significant mortality risk 

within the first 100 days for allo-first and suggests that 

tandem transplant strategies are superior. Disease status at 
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the time of transplant influences outcome. This 

knowledge helps guide clinical decisions on transplant 

strategy. 

Magaeki e al., for the group Stem Cell 

Transplantation for Primary Plasma Cell Leukemia in 

Japan, analyzed patients with pPCL who underwent HCT 

between 2006 and 2022 in Japan using Japanese registry 

data. Overall, 182 patients (117 and 65 who underwent 

auto-HCT and allo-HCT, respectively) were included. 

Patients in the allo-HCT group were younger, had more 

advanced disease, and underwent tandem HCT more 

frequently than did those in the auto-HCT group. 

There was no statistically significant difference in 

overall survival (OS) between the groups (P=0.46), with 

a median OS of 3.2 years (95% CI 2.1–4.3 years) in the 

auto-HCT group and 1.4 years (95% CI 0.8–3.9 years) in 

the allo-HCT group. Among the four transplantation 

strategies (single auto-HCT, single allo-HCT, tandem 

autologous-autologous HCT, and tandem autologous- 

allogeneic HCT), the single allo-HCT group had the 

poorest OS due to early mortality. Tandem autologous- 

allogeneic HCT appeared to provide better long-term 

outcomes. 
A matched-pair analysis using propensity scores 

revealed no significant differences in OS between the 

auto-HCT and allo-HCT groups. However, the allo-HCT 

group appeared to have better long-term survival than the 

auto-HCT group. Allogeneic transplantation, including 

tandem autologous-allogeneic-HCT, may offer long- 

term survival benefits with appropriate patient selection. 

Further studies are warranted to optimize the 

transplantation strategies and pre- and post- 

transplantation treatments for pPCL. 

In conclusion, both the EBMT study and the Japanese 

study suggest better outcomes for patients treated with 

tandem autologous-allogeneic therapy, particularly those 

transplanted outside complete remission. However, all 

three trials highlight the poor results with respect to the 

other NDMM. 

The higher relapse rates warrant the development of 

novel agents and clinical trials to improve transplant- 

related outcomes in this challenging subgroup. 

 

Special Therapies and Resistant and Relapse 

Treatments. A triplet regimen with or without anti- 

CD38 immunoglobulins is usually needed at relapse, 

with the choice of regimen varying with each successive 

relapse. Chimeric antigen receptor T (CAR-T) cell 

therapy and bispecific antibodies are additional 

options.65 However, primary plasma cell leukemias 

displaying t(11;14) have specific genomic, 

transcriptional, and clinical features.13,66,67 This sub- 

entity showed significantly fewer adverse cytogenetic 

abnormalities, resulting in better overall survival than 

pPCL without t(11;14) (39.2 months vs 17.9 months, P 

= .002). Finally, pPCL with t(11;14) displayed a specific 

transcriptome, including differential expression of 

BCL2 family members. Given its high prevalence - more 

than 25% - in plasma cell leukemia and the limited 

treatment options available in this disorder, Venetoclax, 

a BCL-2 inhibitor, also shows promise in pPCL with 

t(11;14).66,67 BCL-2 is an anti-apoptotic protein that 

promotes cancer cell survival, and myeloma cells with 

t(11;14) are particularly dependent on BCL-2. 

Venetoclax blocks BCL-2, activates the apoptotic 

pathway, and selectively eliminates BCL-2-dependent 

tumor cells. As a result, Venetoclax is especially 

effective in t(11;14)-positive multiple myeloma, often 

inducing deep and durable responses.66,67 Venetoclax, 

either as monotherapy or in combination with 

daratumumab, bortezomib, and other agents, may be a 

viable treatment option for this subset of pPCL patients 

in relapse or resistant after the standard therapy. Several 

single cases have been reported.68-78 Also, the sPCL with 

t(11;14) has shown a good response to Venetoclax.77,88 In 

primary plasma cell leukemia with t(11;14) or BCL2 

expression, Venetoclax has been utilized with success 

also upfront.66 

 

CAR T Cell and Bispecific Antibodies in 

relapse/Resistant Myeloma. The present guidelines do 

not cover CAR T cells or bispecific antibodies for 

frontline therapy in new diagnosis pPCL. The use of 

CAR-T cells in PCL patients was limited to those with 

resistant or relapsing diseases.79 In this context, a recent 

study reported the results on the treatment of 11 PCL 

patients (4 pPCL and 7 sPCL) with Ide-Cel: all pPCL and 

4/7 sPCL patients responded to treatment; in all patients, 

MPFS was 3.7 months and mOS was 6.7 months; 

patients with sPCL had shorter mOS than those with 

pPCL (4.6 vs 8.1 months).80 In another study presented 

at the 2023 EHA congress,81 8 patients with sPCL were 

enrolled at a Chinese study center from 2020.12 to 

2022.11. All patients were in the high-Risk group, with 

Double Hit Myeloma 8/8 (100%) patients were all 

resistant to lenalidomide, 4/8 (50%) were resistant to 

pomalidomide, 8/8 (100%) were all resistant to 

bortezomib, 2/8 (25%) were resistant to carfilzomib, and 

8/8 (100%) were all resistant to daratumumab; only 3/8 

(37.5%) patients had SCT history. The median and range 

of peak BCMA-CART amplification were 16 (11-28) 

days; the best outcome after BCMA-CART was PR in 6 

patients, with ORR at 1 and 2 months after CART of 6/8 

(75%), 4 PR, 2 VGPR. Three of the six patients who 

achieved remission underwent Allo-SCT for 

consolidation therapy three months after CART, two 

patients are still alive with sCR, and one patient relapsed 

and died one month after consolidation therapy with 

Allo-SCT; the other three patients did not undergo Allo- 

SCT and consolidation therapy with CART for financial 

and medical reasons, and one relapsed and died 6 months 

after CAR T, one relapsed and died 1 year and 3 months 

after CAR T, and one is still alive. One case died after 

one year and 3 months after CAR T relapse, and one case 
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is still in the VGPR follow-up phase. The median follow- 

up time was 186.5 days, and the 6-month PFS and OS 

rates were 62.5% and 60%, respectively. BCMA-CAR T 

treated CRS Grade 1 ratio was 4/8(50%), Grade 2 was 

2/8(25%), Grade 4 was 2/8(25%); all 8 patients had no 

ICANS; anemia Grade 3 was 8/8(100%), neutropenia 

Grade2 was 1/8(12.5%), Grade 3 was7/8(87.5%), 

thrombocytopenia Grade3 was 1/8(12.5), Grade4 was 

7/8(87.5%); nausea/vomiting Grade 1 was 4/8(50%) and 

Grade 3 was 4/8 (50%); two patients died within one 

month of returning to CART due to severe pneumonia 

and gastrointestinal hemorrhage; two patients who died 

early had up to 70% abnormal peripheral blood plasma 

cells; and one patient developed pulmonary Aspergillus 

infection three months after returning to CAR T. 

Other single cases treated with momentary success 

have been reported.82-86 

These results showed that treatment of PCL patients 

with CAR-T cells targeting CD38 is feasible, but 

outcomes remain poor. New targets on the malignant 

cells could permit a better response.87 

Bispecific antibodies have shown good activity in 

relapsed and resistant myeloma patients;88 however, to 

my knowledge, only one case of PCL, treated with 

bispecific antibodies, has been reported.89 This patient  

experienced a very quick achievement of response, after 

only 1 cycle and allowed the patient to achieve an 

improved quality of life. However, the duration of 

response was short, 5 months on Elranatamab and 2 

months on Talquetamab. 

Conclusions. The independence of plasma cells from the 

bone marrow microenvironment marks a significant 

evolutionary step in disease biology, and it defines the 

disease categories of PCL and EMD. Recent studies have 

greatly contributed to identifying unique molecular 

abnormalities seen in EMM and PCL compared to other 

forms of MM. However, these studies have not identified 

specific genes or altered pathways that can be targeted in 

these tumors. The presence of 2%-5% CTCs mimics the 

outcomes of pPCL, regardless of standard risk factors. 

Both PCL and EMD are classified as ultrahigh-risk 

(uHR)MM, which leads to death within 24-36 months, 

and high-risk (HR)MM, which leads to death within 36-

60 months. Advances in therapy have led to 

unprecedented survival rates in multiple myeloma. 

However, novel therapies have disproportionately 

benefited standard-risk patients, and an underserved 

high-risk population continues to experience early 

progression and mortality. Some studies using new 

agents have shown promising activity against EMM or 

PCL, but these findings need to be confirmed in future 

clinical trials focused on these tumors. Finally, it is 

essential to emphasize that research on EMM and PCL 

has underscored the importance of including, in the 

diagnostic evaluation of each newly diagnosed MM 

patient, an assessment of peripheral blood for the 

presence of malignant plasma cells. 
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