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We report a multicentre retrospective study that analysed clinical character-

istics and outcomes in 117 patients with primary plasma cell leukaemia

(pPCL) treated at the participating institutions between January 2006 and

December 2016. The median age at the time of pPCL diagnosis was

61 years. Ninety-eight patients were treated with novel agents, with an

overall response rate of 78%. Fifty-five patients (64%) patients underwent

upfront autologous stem cell transplantation (ASCT). The median follow-

up time was 50 months (95% confidence interval [CI] 33; 76), with a med-

ian overall survival (OS) for the entire group of 23 months (95% CI 15;

34). The median OS time in patients who underwent upfront ASCT was

35 months (95% CI 24�3; 46) as compared to 13 months (95% CI 6�3;
35�8) in patients who did not receive ASCT (P = 0�001). Multivariate anal-

yses identified age ≥60 years, platelet count ≤100 9 109/l and peripheral

blood plasma cell count ≥20 9 109/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). Our findings support

the use of novel agents and ASCT as frontline treatment in patients with

pPCL. The constructed prognostic score should be independently validated.

Keywords: myeloma, plasma cell leukaemia, therapeutic response, survival,

prognosis.

research paper

ª 2018 John Wiley & Sons Ltd, British Journal of Haematology doi: 10.1111/bjh.15092

http://orcid.org/0000-0001-9796-8365
http://orcid.org/0000-0001-9796-8365
http://orcid.org/0000-0001-9796-8365
http://orcid.org/0000-0003-4813-8618
http://orcid.org/0000-0003-4813-8618
http://orcid.org/0000-0003-4813-8618
http://orcid.org/0000-0001-6955-6267
http://orcid.org/0000-0001-6955-6267
http://orcid.org/0000-0001-6955-6267
http://orcid.org/0000-0001-9490-7532
http://orcid.org/0000-0001-9490-7532
http://orcid.org/0000-0001-9490-7532


Haematology, Nicolaus Copernicus Hospital,

Torun, Poland, 17Department of Medicine, Sec-

tion of Haematology, Vejle, Denmark, 18Univer-

sity Hospital Ostrava and Faculty of Medicine,

University of Ostrava, Ostrava, Czech Republic,
19Department of Haematology, UZ Leuven, Leu-

ven, Belgium, 20Department of Haematology,

University of Rzeszów, Rzeszów, Poland, 21Sec-

cion Hematologia Adultos, Hospital Italiano de

Buenos Aires, Buenos Aires, Argentina,
22Norwegian University of Science and Technol-

ogy, Trondheim, Norway, 23Tel Aviv Medical

Centre, Tel Aviv, Israel, 24Department of Hae-

matology, State Hospital, Cracow, Poland,
25Service d‘Hematologie CHU, Hopital de la

Miletrie, Poitiers, France, 26Ministry of Interior

Hospital in Olsztyn with Warmia and Masuria

Oncology Centre, Olsztyn, Poland, 27Department

of Haematology, State Hospital, Opole, Poland,
28Massachusetts General Hospital Cancer Center,

Harvard Medical School, Boston, MA, USA,
29Department of Doctoral Studies, School of Pub-

lic Health in Bytom, Medical University of Sile-

sia, Katowice, Poland, 30Maria Sklodowska-Curie

Institute – Oncology Centre, Warsaw,Poland,
31Division of Hematology and Oncology, Dana-

Farber Cancer Institute at St. Elizabeth’s Medical

Center, Brighton, MA, USA, 32Rutgers New Jer-

sey Medical School, Newark, NJ, USA, 33John

Theurer Cancer Center at Hackensack University

Medical Center, Hackensack, NJ, USA and
34Dana-Farber Cancer Institute, Harvard Medi-

cal School, Boston, MA, USA

Received 13 August 2017; accepted for

publication 8 November 2017

Correspondence: Artur Jurczyszyn, Jagiellonian

University Medical College, Department of

Haematology, 17 Kopernika Str., 31-501

Cracow, Poland.

E-mail: mmjurczy@cyf-kr.edu.pl

Plasma cell leukaemia (PCL) is a rare and aggressive disease

associated with malignant proliferation of plasma cells (PCs)

in the blood and bone marrow (Noel & Kyle, 1987), which

was first described more than a century ago (Gluzi�nski &

Reichenstein, 1907). Current diagnostic criteria of PCL

include absolute number of circulating PCs exceeding

2�0 9 109/l or PC proportion >20% of the total leucocyte

count (Jimenez-Zepeda & Dominguez, 2006). The overall

incidence of PCL is very low, estimated at 0�04 cases per

100 000 per year (Fern�andez de Larrea et al, 2013). PCL can

develop de novo, as primary PCL (pPCL), or evolve as a

complication of late-stage multiple myeloma (MM), when it

is referred to as secondary PCL (sPCL). The relative frequen-

cies of pPCL and sPCL are estimated at 60–70% and

30–40%, respectively (Jurczyszyn et al, 2011).

With conventional chemotherapy, the survival of patients

with pPCL is poor, with most of them dying within 1 year

of diagnosis (Gonsalves et al, 2014; Royer et al, 2016). How-

ever, data from several single-institution retrospective studies

and prospective trials suggest that upfront incorporation of

novel agents and haematopoietic stem cell transplantation

may positively impact response and survival in pPCL patients
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(Mahindra et al, 2012; Reece et al, 2013; Musto et al, 2014;

Royer et al, 2016). Due to the relative rarity of this condi-

tion, information about the clinical presentation and out-

comes of pPCL is quite limited and originates primarily

from retrospective single-institution series (Colovic et al,

2008; Tiedemann et al, 2008; Peijing et al, 2009; Pagano

et al, 2011; Fern�andez de Larrea et al, 2013).

The aim of this multicentre retrospective study was to

analyse the clinical characteristics, outcomes and prognostic

factors in 117 patients with pPCL treated in the era of novel

agents.

Materials and methods

Case selection

Between January 2006 and December 2016, patients with a

pathological diagnosis of pPCL were identified from the

medical records at the participating institutions. The diagno-

sis of pPCL was defined as an absolute PC count >2 9 109/l

or PC proportion >20% of the total white blood cell (WBC)

count in a patient meeting the diagnostic criteria for multiple

myeloma who had not been previously treated. The study

protocol was reviewed and approved by the Institutional

Review Board of each participating institution.

Data analysis

Clinical data were gathered from the medical records of

patients meeting the inclusion criteria. The analysed parame-

ters included age at diagnosis of pPCL, sex, paraprotein iso-

type, WBC count, platelet count, peripheral blood PC count,

haemoglobin concentration and serum lactate dehydrogenase

(LDH) level, International Scoring System (ISS), peripheral

blood PC immunophenotype (CD117, CD56, CD45, CD38,

CD138, CD20 and CD19 expression) and presence of cytoge-

netic abnormalities determined by means of fluorescence

in situ hybridisation [FISH; del13q, del17p, t(11;14), t(14;16),

t(4;14), gain 1q and t(14;20)] in bone marrow and/or circu-

lating PCs, anti-pPCL treatments, therapeutic responses and

overall survival (OS). Complex cytogenetics was defined as

the presence of at least three cytogenetic abnormalities.

Response to therapy was classified as complete response

(CR), very good partial response (VGPR), partial response

(PR) and no response (NR, both stable and progressive dis-

ease) (Durie et al, 2006). OS was defined as the time in

months from pPCL diagnosis to last follow-up or death.

Statistical analysis

The chi-square and the rank-sum tests were used to com-

pare categorical and continuous variables, respectively. For

the survival analysis, the Kaplan–Meier method was used to

generate survival curves, which were then compared using

the log-rank test. The Cox proportional-hazard regression

method was used to fit univariate and multivariate survival

models for OS, the results of which are reported as hazard

ratio (HR) with 95% confidence intervals (CI). Variables

with >50% of missing data were not included in the sur-

vival analyses. Variables with significant P-values in the uni-

variate analysis were then included in the multivariate

analysis. All reported P-values are two-sided, and were con-

sidered significant if less than 0�05. Calculations and graph-

ics were obtained using STATA SE 13�1 (StataCorp, College

Station, TX, USA).

Results

One hundred and seventeen patients with an established

diagnosis of pPCL were included in the analysis. The median

age at the time of pPCL diagnosis was 61 years (range: 27–
85 years). The median WBC count was 16�5 9 109/l

(0�9�12�4 9 109/l), the median haemoglobin was 91 g/l

(31–163 g/l), the median platelet count was 101 9 109/l (9–
290 9 109/l), the median PC count was 5�7 9 109/l (0�6–
81�6 9 109/l) and the median PC percentage in peripheral

blood was 40% (10–100%). Categorized clinical characteris-

tics of the study subjects are listed in Table I.

At the time of pPCL diagnosis, 85/85 (100%) patients

tested were positive for CD38/CD138 expression and 39/75

(52%) were positive for CD56 expression. t (11;14) was

Table I. Selected clinical characteristics of 117 patients with primary

plasma cell leukaemia.

Characteristic n/N (%)

Age ≥60 years 64/117 (55%)

Male sex 47/117 (40%)

WBC >15 9 109/l 61/117 (52%)

Haemoglobin ≤10 g/dl 94/117 (80%)

Platelet count ≤100 9 109/l 57/117 (49%)

Plasma cell count (peripheral blood) ≥20 9 109/l 16/117 (14%)

Plasma cell percentage (peripheral blood) ≥40% 57/117 (49%)

Elevated LDH level 63/94 (67%)

Paraprotein isotype

IgG 52/115 (45%)

Light chain only 34/115 (30%)

IgA 17/115 (15%)

Non-secretory 11/115 (10%)

Biclonal 1/115 (1%)

Region

Europe 70/117 (60%)

United States 32/117 (27%)

Other* 15/117 (13%)

Year of diagnosis

2006–2010 34/117 (29%)

2011–2016 83/117 (71%)

WBC, white blood cell count; LDH, lactate dehydrogenase.

*Other includes Brazil (n = 6), Israel (n = 4), Turkey (n = 3),

Australia (n = 1) and Argentina (n = 1).
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identified in 13/65 (20%) study subjects, and complex cyto-

genetics in 14/65 (22%). Selected pathological characteristics

of the patients are shown in Table II.

Data on treatment was available from 106 patients, of

which 98 were treated with novel agents (immunomodulators

and/or proteasome inhibitors, alone or combined with con-

ventional chemotherapy). CR, VGPR, PR and NR rates were

21%, 22%, 36% and 22%, respectively, with an overall

response rate (ORR) of 78%. Fifty-five patients (64%) under-

went upfront autologous stem cell transplantation (ASCT)

and 3 (5%) who received tandem ASCT. Sixteen patients

(94%) who achieved CR before ASCT remained in CR after

ASCT and 1 (6%) progressed. Four patients (33%) with

VGPR before ASCT attained CR, five (42%) remained in

VGPR, and three (25%) progressed. Seven patients (37%)

who obtained PR before ASCT achieved CR and 5 (26%)

reached VGPR, 3 (16%) remained in PR and 4 (21%) pro-

gressed. Two patients did not respond before ASCT; 1 (50%)

achieved PR and 1 (50%) progressed. Overall, 75% of

patients either maintained or deepened their response by

undergoing ASCT following induction therapy. Response

rates to induction therapy and ASCT are shown in Table III.

Twelve patients (22%) underwent allogeneic stem cell trans-

plantation (alloSCT), four of which were performed as first-

line therapy. All were in CR and maintained the CR after

alloSCT. Three are alive and 1 died of pulmonary graft-

versus-host disease. Eight patients underwent alloSCT as sec-

ond line, of which 5 relapsed and died of progressive disease.

The median follow-up time was 50 months (95% CI 33;

76). There were 74 deaths (61%), and the median OS for the

entire group was 23 months (95% CI 15; 34) (Fig 1A). The

estimated 5-year OS rate was 20% (95% CI 12%, 31%).

pPCL patients were categorized in 5 groups according to PC

count: 0–5 9 109/l, 6–10 9 109/l, 11–15 9 109/l, 16–
20 9 109/l and >20 9 109/l. Using the group with PC count

0–5 9 109/l, PC count >20 9 109/l was the only category

associated with a worse outcome. Median OS in patients

younger than 60 years and those aged ≥60 years was

36 months (95% CI 23; 54) and 16 months (95% CI 9; 23),

respectively (Fig 1B). Median OS in subjects with platelet

counts up to 100 9 109/l and >100 9 109/l was 16 months

(95% CI 9; 23) and 34 months (95% CI 23; 53), respectively

(Fig 1C), and median OS in those with a platelet count less

than 20 9 109/l and ≥20 9 109/l peripheral blood PCs in

amounted to 31 months (95% CI 16; 36) and 19 months

(95% CI 8; 23), respectively (Fig 1D).

Age ≥60 years, platelet count ≤100 9 109/l and PC count

in peripheral blood ≥20 9 109/l were associated with worse

survival on both univariate and multivariate Cox regression

analyses. Complete prognostic modelling is shown in

Table IV. We evaluated collinearity between age, haemoglo-

bin, platelet count, PC count and PC percentage as continu-

ous variables using the variance inflation factor (VIF). All

mean VIF values were <10, arguing against the presence of

collinearity between these factors. Although CD20 expression

was shown to be associated with worse OS on univariate

analysis, this variable was not included in the multivariate

model because CD20 expression status was available in less

than 50% of the study subjects.

The three independent predictors of worse OS, i.e., age

≥60 years, platelet count ≤100 9 109/l, and peripheral blood

PCs ≥20 9 109/l, had similar HRs and were used to develop a

pPCL Prognostic Index (PCL-PI) by assigning 1 point per

adverse prognostic factor. Our series included 26 patients (22%)

with 0 risk factors, 51 (44%) with 1 risk factor and 40 (34%)

with 2–3 risk factors. Median OS in patients with one risk factor

(27 months, 95% CI 14; 41) and 2–3 risk factors (12 months,

95% CI 6; 20) was significantly worse than in those with no risk

factors (46 months, 95% CI 33; not reached) (Fig 2). When

compared with patients with a PCL-PI of 0, patients with PCL-

PIs of 1 and 2–3 had HR 2�19 (95% CI 1�08–4�43; P = 0�03)
and HR 5�78 (2�78012�0; P < 0�001), respectively. Internal vali-
dation of the PCL-PI was performed using the bootstrap

method with 200 replications, which showed similar results.

Patients with PCL-PIs of 1 and 2–3 had HR 2�19 (95% CI 1�02–
4�69; P = 0�04) and HR 5�79 (95% CI 2�82–11�9; P < 0�001),
respectively, when comparing with PCL-PI 0.

The median OS in patients who underwent upfront ASCT

was 35 months (95% CI 24�3; 46) as compared to 13 months

(95% CI 6�3; 35�8) in patients who did not undergo ASCT

(Log-rank P < 0�001). Cox regression analysis evaluating

ASCT in first remission as a time-varying covariate and

adjusted for the PCL-PI showed a trend towards a beneficial

effect on the survival in pPCL patients (HR = 0�98, 95% CI

0�96, 1�00, P = 0�1). In a subset analysis, ASCT in first remis-

sion appeared beneficial in the PCL-PI 1 group (HR 0�96,
95% CI 0�92, 1�00; P = 0�05) but not in the PCL-PI 0 (HR

Table II. Selected pathological characteristics of 117 patients with

primary plasma cell leukaemia.

Flow cytometry Positive/tested (%)

CD38/CD138 expression 84/85 (99%)

CD56 expression 39/75 (52%)

CD45 expression 29/63 (46%)

CD117 expression 7/17 (41%)

CD20 expression 16/58 (28%)

CD19 expression 0/14 (0%)

Cytogenetic abnormalities Positive/tested (%)

del13q 31/65 (48%)

del17p 22/65 (34%)

t(11;14) 13/65 (20%)

t(14;16) 13/65 (20%)

t(4;14) 13/65 (20%)

Gain 1q 11/65 (17%)

t(14;20) 0/65 (0%)

Poor risk* 38/65 (58%)

Complex cytogenetics† 14/65 (22%)

*Includes del17p, t(4;14) and t(14;16).

†Defined as 3 or more cytogenetic abnormalities.
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0�97, 95% CI 0�94, 1�01; P = 0�13) or PCL-PI 2-3 groups

(HR 1�02, 95% CI 0�96, 1�10; P = 0�41).
The median follow-up in patients who received single,

double and triple therapy was 108 (95% CI 20; -), 51 (95%

CI 43; 74) and 13 months (95% CI 5; 32), respectively. Med-

ian OS in patients treated with a single therapy was

27 months (95% CI 10�9; 45�3), and 1- and 2-year OS rates

were 77% (95% CI 50; 90) and 58% (95% CI 31; 77), respec-

tively. Median OS in the subset of patients who received a

double therapy was 23 months (95% CI 15�4; 32�6), with

1- and 2-year OS rates of 69% (95% CI 58; 78) and 46%

(95% CI 34; 57), respectively. Due to small sample size, we

were unable to estimate median OS in patients treated with a

triple therapy. However, 1- and 2-year OS rates in this subset

were 89% (95% CI 43; 98) and 71% (95% CI 23; 92), respec-

tively. Cox regression analysis did not show a survival benefit

associated with the use of a double or triple therapy when

compared with single therapy (double therapy: HR = 1�07,
95% CI 0�57; 2�01, P = 0�82; triple therapy: HR = 0�45, 95%
CI 0�10–2�03, P = 0�30).

Discussion

The results of our retrospective study suggest a high response

rate to novel agents in patients with pPCL. Additionally, the

use of ASCT following induction therapy appears associated

with deeper response and an improved survival. Our study

also suggests the adverse prognostic value of older age, lower

Table III. Frontline treatment and response in

106 patients with primary plasma cell leukae-

mia who received frontline treatment and were

evaluable for response.

Treatment Number (%) CR (%) VGPR (%) PR (%) NR (%)

Chemotherapy only 8 (8%) 1 (12�5%) 1 (12�5%) 4 (50%) 2 (25%)

PI only 7 (7%) 0 (0%) 3 (43%) 1 (14%) 3 (43%)

IMID only 2 (2%) 1 (50%) 0 (0%) 1 (50%) 0 (0%)

Chemotherapy-PI 48 (45%) 12 (25%) 9 (19%) 17 (35%) 10 (21%)

Chemotherapy-IMID 17 (16%) 1 (6%) 3 (18%) 8 (47%) 5 (29%)

PI-IMID 15 (14%) 2 (13%) 4 (27%) 6 (40%) 3 (20%)

Chemotherapy-PI-IMID 9 (8%) 5 (56%) 3 (33%) 1 (11%) 0 (0%)

Single therapy 17 (16%) 2 (12%) 4 (24%) 6 (35%) 5 (29%)

Double therapy 80 (75%) 15 (19%) 16 (20%) 31 (39%) 18 (23%)

Triple therapy 9 (8%) 5 (56%) 3 (33%) 1 (11%) 0 (0%)

Prior to upfront ASCT 50 (47%) 17 (34%) 12 (24%) 19 (38%) 2 (4%)

After upfront ASCT 50 (47%) 27 (54%) 11 (22%) 4 (8%) 8 (16%)

ASCT, autologous stem cell transplant.; CR, complete response; IMID, immunomodulator; PI,

proteasome inhibitor; PR, partial response; NR, no response; VGPR, very good partial

response.

Table IV. Univariate and multivariate analyses

for overall survival in patients with primary

PCL.
Variable

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age ≥60 years 2�32 (1�41–3�83) 0�001 2�50 (1�51–4�12) <0�001
Male sex 1�01 (0�61–1�66) 0�98
WBC ≥15 9 109/l 1�34 (0�83–2�17) 0�23
Haemoglobin ≤10 g/dl 1�50 (0�76–2�96) 0�24
Platelet count ≤100 9 109/l 2�09 (1�28–3�41) 0�003 2�08 (1�27–3�42) 0�004
Plasma cell count ≥20 9 109/l 1�92 (1�01–3�68) 0�04 2�33 (1�20–4�56) 0�01
Plasma cell percentage ≥40% 1�05 (0�64–1�71) 0�85
Elevated LDH level 1�26 (0�69–2�28) 0�45
Non-IgG isotype 1�09 (0�67–1�76) 0�73
ISS stage 3 vs. ISS stage 2 0�84 (0�46–1�53) 0�57
CD56 expression 0�89 (0�48–1�65) 0�71
CD20 expression 2�64 (1�19––5�84) 0�02 Not included*

Poor cytogenetics 1�78 (0�86–3�68) 0�12
Complex cytogenetics 1�67 (0�83–3�34) 0�15
Years 2011–2016 0�63 (0�38–1�05) 0�08

95% CI, 95% confidence interval; HR, hazard ratio; IgG, immunoglobulin G; ISS, Interna-

tional Staging System; LDH, lactate dehydrogenase; WBC, white blood cell count.

Region and year of diagnosis were not included in the survival analysis.

*CD20 expression status was available in less than 50% of the subjects.
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platelet counts and higher absolute PC counts in patients

with pPCL, with the formulation of a novel and easy-to-use

pPCL prognostic index.

Historically, the prognosis in pPCL has been poor.

Although recent evidence suggests that upfront incorporation

of ASCT and novel-agent therapies may provide survival

benefits in patients with this condition, available data in this

matter are still limited. The largest study analysing the out-

comes of ASCT in pPCL was the retrospective report by the

European Group for Blood and Marrow Transplantation,

including data on 272 patients. The study demonstrated that

individuals subjected to ASCT were more likely to enter

complete remission, with median OS of 26 months (95% CI

19�5; 31�9) (Drake et al, 2010). Another large study, con-

ducted by the Centre for International Blood and Marrow

Transplant Research, included 147 patients, subjected to

either ASCT or alloSCT. After 3 years of follow-up, the OS

rates for these two groups were 64% and 39%, respectively

(Mahindra et al, 2012). These encouraging findings were

reflected in the consensus statement of the International

Fig 1. Overall survival estimates in 117 primary plasma cell leukaemia patients for the entire cohort (A), by age (B), platelet count (C) and plasma

cell count in peripheral blood (D). 95% CI, 95% confidence interval; PCC, plasma cell count; PCL, plasma cell leukaemia; PLT, platelet count. [Col-

our figure can be viewed at wileyonlinelibrary.com]

Fig 2. Overall survival estimates in 117 patients with primary plasma

cell leukaemia by pPCL Prognostic Index. PCL, plasma cell leukae-

mia; PCL-PI, plasma cell leukaemia prognostic index. [Colour figure

can be viewed at wileyonlinelibrary.com]
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Myeloma Working Group, which recommend intensification

of pPCL treatment with high-dose therapy followed by ASCT

whenever age and clinical condition of the patient do not

preclude this approach (Fern�andez de Larrea et al, 2013).

However, the previously mentioned studies were retrospec-

tive, registry-based and did not have a comparator group.

Our study provides additional semi-comparative data sup-

porting the use of ASCT in pPCL.

Single-institution studies demonstrated that implementa-

tion of a proteasome inhibitor, bortezomib, may increase

ORR up to 78%, and prolong median OS to 18–28 months

(Espar�ıs-Ogando et al, 2005; Musto et al, 2007; Lebovic et al,

2011; D’Arena et al, 2012; van de Donk et al, 2012). Also,

lenalidomide, an immunomodulatory drug, was shown to be

effective for pPCL in small retrospective studies (Benson &

Smith, 2007; Musto et al, 2008; Olivieri et al, 2009). Addi-

tional promising results have also been reported from single-

institution prospective trials. In a prospective phase II study

conducted by the Intergroupe Francophone du My�elome, 40

patients with pPCL received four alternating cycles of borte-

zomib, dexamethasone plus doxorubicin or cyclophos-

phamide, followed by ASCT. The ORR to induction therapy

was 69%, and the median OS was 37 months (95% CI 25�6;
not reached) (Royer et al, 2016). Also, the only reported

prospective trial of lenalidomide confirmed the efficacy of

this agent in combination with low-dose dexamethasone in a

group of 23 patients with pPCL (Musto et al, 2014). The

ORR for the whole study group was 74%, and the median

OS time 28 months. A better survival was reported in the

subset of patients who underwent ASCT following lenalido-

mide and dexamethasone induction (Musto et al, 2014).

Our findings are consistent with the above-mentioned

results. In our study, 78% of pPCL patients showed at least PR

to upfront therapy, with a median OS of 23 months, and 80%

of the patients either maintained or improved their response

after ASCT following induction. Furthermore, median OS in

patients who received an upfront ASCT was nearly three times

longer than in those who did not (35 vs. 13 months). Patients

who underwent ASCT were more likely to be

aged <60 years (67% vs. 29%; P = 0�001) and to have PC

>40% (61% vs. 34%; P = 0�02). No other differences were seen

in sex, WBC, haemoglobin, platelet, PC count, poor or complex

cytogenetics. Due to the small size and heterogeneity of the

sample, we were unable to analyse the effects of each agent sep-

arately. Nevertheless, although the follow-up time for the subset

of patients receiving the triple therapy (chemotherapy, protea-

some inhibitor, and immunomodulatory drug) was too short

(median follow-up about 1 year), there is encouraging evidence

that the estimated 1- and 2-year OS rates in this group might

be higher than with single or double therapy.

We identified three independent adverse prognostic factors

in patients with pPCL: age ≥60 years, platelet count

<100 9 109/l, and peripheral blood PC count ≥20 9 109/l.

The median OS for individuals without any risk factors was

approximately 4 years, which was nearly four times longer

than for patients with 2–3 risk factors. Published evidence

regarding prognostic factors in pPCL is generally sparse and

inconclusive. The value of some parameters with prognostic

impact in MM, e.g. cytogenetic abnormalities, remains

unclear in pPCL, primarily due to the small size and hetero-

geneity of examined samples (Jelinek et al, 2015). Neverthe-

less, both published evidence and our unpublished clinical

experience suggest that the identified prognostic indicators

are linked to pPCL biology. PC count is a diagnostic crite-

rion of PCL and a measure of its severity (Jimenez-Zepeda &

Dominguez, 2006). In turn, the fact that younger subjects

included in our series had longer OS probably reflected their

better performance status, which has already been shown to

be a favourable predictor of survival in pPCL (Vela-Ojeda

et al, 2002; Colovic et al, 2008). Furthermore, younger

patients are more likely to undergo ASCT following induc-

tion therapy (Jelinek et al, 2015; Gonsalves, 2017). Finally,

the negative prognostic value of lower platelet count in pPCL

has been demonstrated in previous single-institution studies

(Colovic et al, 2008; Katodritou et al, 2014).

Our findings have important clinical implications. First,

using the 3-variable pPCL-PI, we were able to identify a subset

of patients who may particularly benefit from more intensive

therapy. Second, all three variables included in the index can be

easily determined at the time of pPCL diagnosis, in comparison

to PC immunophenotype or cytogenetic abnormalities, espe-

cially in the community. Finally, all these observations derive

from a large series of 117 patients from three continents, mini-

mizing the bias of ethnic background of the study subjects.

Potential limitations of this study include its retrospective

character, lack of protocol standardization, and incomplete

clinical and laboratory data, particularly regarding the

immunophenotypic and cytogenetic characteristics of PCs.

Thus, we were unable to include other potential variables of

importance in the survival regression models, or to formulate

any firm conclusions regarding the immunophenotypic and

cytogenetic profiles of pPCL. Another important inherent

weakness of a retrospective study is selection bias. We have

minimized this bias by including consecutive patients at each

of the participating institutions.

In conclusion, our study confirmed that the prognosis in

pPCL could be improved with the implementation of novel

therapies, such as proteasome inhibitors and immunomodu-

lators as well as ASCT. Of significant clinical interest in

future management of patients with PCL is the availability of

anti-CD38 monoclonal antibodies as single agents or in com-

bination. The PCL-PI reported here should be independently

validated.

Author contributions

AJ, DHV and JJC designed the study and drafted the initial

manuscript. All the authors provided patient data for

the study, provided critical input and approved the final

manuscript.

Primary Plasma Cell Leukaemia

ª 2018 John Wiley & Sons Ltd, British Journal of Haematology 7



References

Benson, D.M. & Smith, M.K. (2007) Effectiveness

of lenalidomide (Revlimid) for the treatment of

plasma cell leukemia. Leukemia & Lymphoma,

48, 1423–1425.

Colovic, M., Jankovic, G., Suvajdzic, N., Milic, N.,

Dordevic, V. & Jankovic, S. (2008) Thirty

patients with primary plasma cell leukemia: a

single center experience. Medical Oncology, 25,

154–160.

D’Arena, G., Valentini, C.G., Pietrantuono, G.,

Guariglia, R., Martorelli, M.C., Mansueto, G.,

Villani, O., Onofrillo, D., Falcone, A., Specchia,

G., Semenzato, G., Di Renzo, N., Mastrullo, L.,

Venditti, A., Ferrara, F., Palumbo, A., Pagano,

L. & Musto, P. (2012) Frontline chemotherapy

with bortezomib-containing combinations

improves response rate and survival in primary

plasma cell leukemia: a retrospective study from

GIMEMA Multiple Myeloma Working Party.

Annals of Oncology, 23, 1499–1502.

van de Donk, N.W., Lokhorst, H.M., Anderson,

K.C. & Richardson, P.G. (2012) How I treat

plasma cell leukemia. Blood, 120, 2376–2389.

Drake, M.B., Iacobelli, S., van Biezen, A., Morris,

C., Apperley, J.F., Niederwieser, D., Bj€orkstrand,

B. & Gahrton, G. (2010) Primary plasma cell

leukemia and autologous stem cell transplanta-

tion. Haematologica, 95, 804–809.

Durie, B.G., Harousseau, J.L., Miguel, J.S., Blade,

J., Barlogie, B., Anderson, K., Gertz, M., Dimo-

poulos, M., Westin, J., Sonneveld, P., Ludwig,

H., Gahrton, G., Beksac, M., Crowley, J., Belch,

A., Boccadaro, M., Cavo, M., Turesson, I.,

Joshua, D., Vesole, D., Kyle, R., Alexanian, R.,

Tricot, G., Attal, M., Merlini, G., Powles, R.,

Richardson, P., Shimizu, K., Tosi, P., Morgan,

G. & Rajkumar, S.V. (2006) International uni-

form response criteria for multiple myeloma.

Leukemia, 20, 1467–1473.

Espar�ıs-Ogando, A., Alegre, A., Aguado, B., Mateo,

G., Guti�errez, N., Blad�e, J., Schenkein, D., Pan-

diella, A. & San Miguel, J.F. (2005) Bortezomib

is an efficient agent in plasma cell leukemias.

International Journal of Cancer, 114, 665–667.

Fern�andez de Larrea, C., Kyle, R.A., Durie, B.G.,

Ludwig, H., Usmani, S., Vesole, D.H., Hajek, R.,

San Miguel, J.F., Sezer, O., Sonneveld, P.,

Kumar, S.K., Mahindra, A., Comenzo, R.,

Palumbo, A., Mazumber, A., Anderson, K.C.,

Richardson, P.G., Badros, A.Z., Caers, J., Cavo,

M., LeLeu, X., Dimopoulos, M.A., Chim, C.S.,

Schots, R., Noeul, A., Fantl, D., Mellqvist, U.H.,

Landgren, O., Chanan-Khan, A., Moreau, P.,

Fonseca, R., Merlini, G., Lahuerta, J.J., Blad�e, J.,

Orlowski, R.Z. & Shah, J.J. (2013) Plasma cell

leukemia: consensus statement on diagnostic

requirements, response criteria and treatment

recommendations by the International Myeloma

Working Group. Leukemia, 27, 780–791.

Gluzi�nski, A. & Reichenstein, M. (1907) Myeloma

i leukaemia lymphatica (plasmocellularis). Pol-

skie Archiwum Nauk Biochemicznych i Lekarskich,

3, 181–211.

Gonsalves, W.I. (2017) Primary plasma cell leuke-

mia: a practical approach to diagnosis and clini-

cal management. American Journal of

Hematology/Oncology, 13, 21–25.

Gonsalves, W.I., Rajkumar, S.V., Go, R.S., Dispen-

zieri, A., Gupta, V., Singh, P.P., Buadi, F.K.,

Lacy, M.Q., Kapoor, P., Dingli, D., Lust, J.A.,

Zeldenrust, S.R., Hayman, S.R., Kyle, R.A.,

Gertz, M.A. & Kumar, S.K. (2014) Trends in

survival of patients with primary plasma cell

leukemia: a population-based analysis. Blood,

124, 907–912.

Jelinek, T., Kryukov, F., Rihova, L. & Hajek, R.

(2015) Plasma cell leukemia: from biology to

treatment. European Journal of Haematology, 95,

16–26.

Jimenez-Zepeda, V.H. & Dominguez, V.J. (2006)

Plasma cell leukemia: a rare condition. Annals of

Hematology, 85, 263–267.

Jurczyszyn, A., Zawirska, D. & Skotnicki, A.B.

(2011) Plasma cell leukemia: a highly aggressive

monoclonal gammopathy with a very poor

prognosis. Przeglazd Lekarski, 68, 320–325.

Katodritou, E., Terpos, E., Kelaidi, C., Kot-

sopoulou, M., Delimpasi, S., Kyrtsonis, M.C.,

Symeonidis, A., Giannakoulas, N., Stefanoudaki,

A., Christoulas, D., Chatziaggelidou, C., Gastari,

V., Spyridis, N., Verrou, E., Konstantinidou, P.,

Zervas, K. & Dimopoulos, M.A. (2014) Treat-

ment with bortezomib-based regimens improves

overall response and predicts for survival in

patients with primary or secondary plasma cell

leukemia: analysis of the Greek myeloma study

group. American Journal of Hematology, 89,

145–150.

Lebovic, D., Zhang, L., Alsina, M., Nishihori, T.,

Shain, K.H., Sullivan, D., Ochoa-Bayona, J.L.,

Kharfan-Dabaja, M.A. & Baz, R. (2011) Clinical

outcomes of patients with plasma cell leukemia

in the era of novel therapies and hematopoietic

stem cell transplantation strategies: a single-

institution experience. Clinical Lymphoma, Mye-

loma & Leukemia, 11, 507–511.

Mahindra, A., Kalaycio, M.E., Vela-Ojeda, J.,

Vesole, D.H., Zhang, M.J., Li, P., Berenson, J.R.,

Bird, J.M., Dispenzieri, A., Gajewski, J.L., Gale,

R.P., Holmberg, L., Kumar, S., Kyle, R.A.,

Lazarus, H.M., Lonial, S., Mikhael, J., Milone,

G.A., Munker, R., Nath, R., Saccaro, S., To,

L.B., Vogl, D.T., Wirk, B. & Hari, P. (2012)

Hematopoietic cell transplantation for primary

plasma cell leukemia: results from the Center

for International Blood and Marrow Transplant

Research. Leukemia, 2012, 26, 1091–1097.

Musto, P., Rossini, F., Gay, F., Pitini, V., Gugliel-

melli, T., D’Arena, G., Ferrara, F., Filardi, N.,

Guariglia, R. & Palumbo, A. (2007) Efficacy and

safety of bortezomib in patients with plasma cell

leukemia. Cancer, 109, 2285–2290.

Musto, P., Pietrantuono, G., Guariglia, R., Villani,

O., Martorelli, M.C., D’Auria, F., Zonno, A. &

Lerose, R. (2008) Salvage therapy with lenalido-

mide and dexamethasone in relapsed primary

plasma cell leukemia. Leukemia Research, 32,

1637–1638.

Musto, P., Simeon, V., Martorelli, M.C., Petrucci,

M.T., Cascavilla, N., Di Raimondo, F., Caravita,

T., Morabito, F., Offidani, M., Olivieri, A., Ben-

evolo, G., Mina, R., Guariglia, R., D’Arena, G.,

Mansueto, G., Filardi, N., Nobile, F., Levi, A.,

Falcone, A., Cavalli, M., Pietrantuono, G., Vil-

lani, O., Bringhen, S., Omed�e, P., Lerose, R.,

Agnelli, L., Todoerti, K., Neri, A., Boccadoro,

M. & Palumbo, A. (2014) Lenalidomide and

low-dose dexamethasone for newly diagnosed

primary plasma cell leukemia. Leukemia, 28,

222–225.

Noel, P. & Kyle, R.A. (1987) Plasma cell leukemia:

an evaluation of response to therapy. American

Journal of Medicine, 83, 1062–1068.

Olivieri, A., Attolico, I., Cimminiello, M., Disce-

poli, G. & Cifarelli, R.A. (2009) Lenalidomide

can induce graft versus leukemia effect in pri-

mary plasma cell leukemia: a case report. Leuke-

mia Research, 33, e191–e193.

Pagano, L., Valentini, C.G., De Stefano, V., Ven-

ditti, A., Visani, G., Petrucci, M.T., Candoni, A.,

Specchia, G., Visco, C., Pogliani, E.M., Ferrara,

F., Galieni, P., Gozzetti, A., Fianchi, L., De

Muro, M., Leone, G., Musto, P. & Pulsoni, A;

Gruppo Italiano Malattie EMatologiche dell’-

dulto, Acute Leukemia Working Party (2011)

Primary plasma cell leukemia: a retrospective

multicenter study of 73 patients. Annals of

Oncology, 22, 1628–1635.

Peijing, Q., Yan, X., Yafei, W., Dehui, Z., Zengjun,

L., Junyuan, Q., Yaozhong, Z. & Lugui, Q.

(2009) A retrospective analysis of thirty-one

cases of plasma cell leukemia from a single cen-

ter in China. Acta Haematologica, 121, 47–51.

Reece, D.E., Phillips, M., Chen, C.I., Tiedemann,

R.E., Trudel, S., Masih-Khan, E., Jimenez-

Zepeda, V.H. & Kukreti, V. (2013) Induction

therapy with cyclophosphamide, bortezomib,

and dexamethasone (CyBorD) for primary

plasma cell leukemia (pPCL). Blood, 122, 5378.

Royer, B., Minvielle, S., Diouf, M., Roussel, M.,

Karlin, L., Hulin, C., Arnulf, B., Macro, M.,

Cailleres, S., Brion, A., Brechignac, S., Belhadj,

K., Chretien, M.L., Wetterwald, M., Chaleteix,

C., Tiab, M., Leleu, X., Frenzel, L., Garderet, L.,

Choquet, S., Fuzibet, J.G., Dauriac, C., Forneker,

L.M., Benboubker, L., Facon, T., Moreau, P.,

Avet-Loiseau, H. & Marolleau, J.P. (2016)

Bortezomib, doxorubicin, cyclophosphamide,

dexamethasone induction followed by stem cell

transplantation for primary plasma cell leuke-

mia: a prospective phase II study of the Inter-

groupe Francophone du My�elome. Journal of

Clinical Oncology, 34, 2125–2132.

Tiedemann, R.E., Gonzalez-Paz, N., Kyle, R.A.,

Santana-Davila, R., Price-Troska, T., Van Wier,

S.A., Chng, W.J., Ketterling, R.P., Gertz, M.A.,

Henderson, K., Greipp, P.R., Dispenzieri, A.,

Lacy, M.Q., Rajkumar, S.V., Bergsagel, P.L., Ste-

wart, A.K. & Fonseca, R. (2008) Genetic aberra-

tions and survival in plasma cell leukemia.

Leukemia, 22, 1044–1052.

Vela-Ojeda, J., Garc�ıa-Ruiz Esparza, M.A., Rosas-

Cabral, A., Padilla-Gonz�alez, Y., Garc�ıa-Ch�avez,

A. Jurczyszyn et al

8 ª 2018 John Wiley & Sons Ltd, British Journal of Haematology



J., Tripp-Villanueva, F., S�anchez-Cort�es, E.,

Ayala-S�anchez, M., Garc�ıa-Le�on, L.D., Montiel-

Cervantes, L. & Rubio-Borja, M.E. (2002)

Intermediate doses of melphalan and dexam-

ethasone are better than vincristine, adriamycin,

and dexamethasone (VAD) and

polychemotherapy for the treatment of primary

plasma cell leukemia. Annals of Hematology, 81,

362–367.

ª 2018 John Wiley & Sons Ltd, British Journal of Haematology 9

Primary Plasma Cell Leukaemia


