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Plasmacytoma is characterized by a local accumulation of monoclonal

plasma cells without criteria for multiple myeloma (MM). The current

treatment regimen is local radiotherapy. However, more than 50% of

patients develop MM within 2 years after treatment. A population-based

registry was consulted for the diagnosis of solitary plasmacytoma between

1988 and 2011. Progression to MM and prognostic features for progression

to MM were scored, including hypoxia inducible factors (HIF), vascular

endothelial growth factor (VEGF, also termed VEGFA) and micro-vessel

density (MVD) expression in biopsy material. A total of 76 patients were

included, 34% having extramedullary plasmacytoma (EMP) while 66% had

a solitary plasmacytoma of the bone (SBP). Median follow-up was

89 months, (7–293 months). In Seventy per cent of SBP patients developed

MM with a median time to progression of 19 months (5–293). Three

patients (12%) with EMP developed MM. High expression of VEGF and

HIF-2a (also termed EPAS1) was demonstrated in conjunction with an

increased MVD in 66% of the patients. No association could be shown

between angiogenesis parameters and progression to MM. In conclusion,

this population-based study demonstrates that SBP patients have a higher

risk of developing MM following local radiotherapy, indicating that this

group might benefit from added systemic chemotherapy.

Keywords: solitary plasmacytoma of the bone, extramedullary plasmacy-

toma, multiple myeloma, angiogenesis, micro vessel density.

A solitary plasmacytoma (SP) is defined as a solitary lesion of

clonal malignant plasma cells. About 80% of SPs are located in

the bone marrow compartment (SBP) while they are extrame-

dullary in the remaining cases and called extramedullary plas-

macytoma (EMP). SP is a rare condition with a median age of

onset of 55 years, which is approximately 10 years younger

than multiple myeloma (MM) patients (Dimopoulos et al,

2000; and Soutar et al, 2004). By definition, a plasmacytoma

fulfills no criteria for MM except for a small amount of

M-protein, which is described in 25–75% of the patients (Dimo-

poulos et al, 2000; Soutar et al, 2004; Rajkumar et al, 2014).

The current treatment of a plasmacytoma with curative

intent is local radiotherapy. However, more than 50% of

patients develop MM within 2 years after treatment

(Dimopoulos et al, 2000; Soutar et al, 2004). In view of this

unfavourable prognosis, several studies tried to identify pre-

dictive markers for progression, including age, lesion size

> 5 cm and persistent M-protein 1 year after treatment

(Wilder et al, 2002; Ozsahin et al, 2006). However, none of

the features are consistent between the different studies except

that SBP has a higher rate of progression to MM than EMP.

Approximately two-third of the patients with SBP develop

MM while only 10–20% of the EMP progress to MM (Dimo-

poulos et al, 2000; Soutar et al, 2004). In addition, tumour-

specific markers, such as micro-vessel density (MVD), which

is a reflection of increased (neo)-angiogenesis, have been stud-

ied. In a study of SBP patients an increase in MVD coincided

with an increased risk to progress to MM (Kumar et al, 2003).
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In the present population-based study we evaluated the

clinical parameters of SP patients and correlated these find-

ings with myeloma progression. In addition, MVD and (neo)

angiogenesis-related factors, such as vascular endothelial

growth factor (VEGF, also termed VEGFA) and hypoxia

inducible factors (HIF) 1a and 2a (also termed HIF1A and

EPAS1, respectively), were studied in biopsies of plasmacy-

toma patients. We correlated these findings with progression

to MM to determine whether they can be used as prognostic

features.

Materials and methods

Patients

In this retrospective multicentre study, all patients with a SP

diagnosed between 1988 and 2011 in the northern area of

the Netherlands were included. Inclusion criteria were

biopsy-proven plasmacytoma, follow-up of at least 6 months,

bone marrow demonstrating less than 10% plasma cells and

skeletal survey showing no other lytic lesions than the soli-

tary lesion of the plasmacytoma.

Data were collected at time of diagnosis and included the

number of plasma cells in bone marrow aspirate, the serum

M-protein level and, when performed, the free light chain

level. Results from different imaging techniques [magnetic

resonance imaging (MRI), fluorodeoxyglucose positron emis-

sion tomography (FDG-PET) and computed tomography

(CT)] were included when performed. Furthermore, details

of the applied treatment regimens and the M-protein level

1 year after treatment were collected. Progression to MM

was defined as the time when the patient started systemic

treatment for MM.

Approval for the study was obtained from the local medi-

cal ethical committee.

Immunohistochemistry for MVD, VEGFA, HIF 1a and
2a

Biopsies were collected from different pathology laboratories.

The expression of angiogenesis- and hypoxia-related features

was examined by immunohistochemical staining. After fixa-

tion in 10% neutral phosphate buffered formalin (3�6%
formaldehyde) for at least 12 h, decalcification in a solution

containing 10% (v/v) acetic acid and 10% formalin (v/v;

3�6% formaldehyde) for 1 or 2 days, and paraffin embed-

ding, the plasmacytoma biopsy was cut in sections of 4 lm
and stained as follows. Slides were de-paraffinized and rehy-

drated in graded alcohol solutions. Endogenous peroxidase

activity was blocked with hydrogen peroxide. Heat-induced

antigen retrieval was performed for all stains, except for

VEGF (in which antigen retrieval was done with protease

0�1%). Slides were incubated with the primary antibody for

HIF-1a (mouse monoclonal clone 54/HIF-1a, diluted 1:70;

BD Biosciences, Franklin Lakes, NJ, USA) HIF-2a (mouse

monoclonal ab8365, diluted 1:200; Abcam, Cambridge, UK)

and VEGFA (rabbit polyclonal sc-152, diluted 1:50; Santa

Cruz Biotechnology Inc., Dallas, TX, USA). Blood vessels

were visualized with a CD34 antibody (mouse monoclonal

QBEnd 10, Dako, Copenhagen, Denmark). The slides were

washed with phosphate-buffered saline and subsequently

incubated with a rabbit anti mouse or goat anti-rabbit horse-

radish peroxidase conjugated as secondary or tertiary anti-

body. For VEGF staining streptavidine peroxidase was used

as a tertiary antibody. The chromogenic reaction was per-

formed with diaminobenzidine for 12 min and after that sec-

tions were counterstained with haematoxylin before

dehydrating and mounting.

The intensity of staining was analysed semi-quantitatively.

The percentage of positive plasma cells was counted

Table I. Patient Characteristics (n = 76).

Characteristic %

Gender

Male 60

Female 40

Age (years)

0–49 20

50–59 30

60–69 24

70+ 26

M-protein

None 43

IgG 40

IgA 5

VLK only 4

IgM 1

Unknown 7

Concentration M-protein (g/l)

None 47

≤5 10

5�0–9�9 10

10�0–19�9 16

≥20 1

Unknown 16

Bence Jones proteinuria

Not present 72

Not done 18

>0 10

Site of plasmacytoma

Bone 66

Extramedullary 34

Radiation dose (Gy)

20–39 11

40–49 89

Imaging

X-skeletal 99

CT 47

MRI 42

FDG-PET 11

MRI, magnetic resonance imaging; FDG-PET, fluorodeoxyglucose

positron emission tomography; CT, computed tomography.
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according the following scoring system: no visibility, 10–30%
positive, 30–50% positive, 50–80% positive and more than

80% positive plasma cells (Eckert et al, 2011). The vessel

count was measured using light microscopy in the areas of

the slide that contained the highest numbers of blood vessels

per selected area (hotspot). After the hotspots were identi-

fied, the total number of vessels per selected image was

counted at 400 9 magnification. At least five hotspots were

counted for each section and the vessel number was

expressed as the mean of five counts (Weidenaar et al, 2011).

The grade of MVD was established as low (MVD lower than

20) and high (MVD 20 or higher) (Kumar et al, 2003).

Statistical analysis

Progression-free survival (PFS) was estimated as time from

diagnosis of the plasmacytoma to development of MM or

the last follow-up using the Kaplan-Meier method. Survival

curves were compared using the log rank test. In addition,

univariate Cox regression analysis was used to estimate asso-

ciated risk estimates, i.e., hazard ratio (HR) with 95% confi-

dence interval (95%CI). A P value < 0�05 was used to define

statistical significance.

Results

Patient characteristics

Between 1988 and 2011, 76 patients diagnosed with a SP

were included in this study. Patient characteristics are shown

in Table I. Median follow-up was 89 months (range

7–287 months). Median age was 61 years (range 26–87) and

60% were male. Most of the patients (66%) had an SBP and

the plasmacytoma was located in the axial skeletal in 78% of

these patients. In the EMP patients the plasmacytoma was

most frequently located in the oropharynx or nasopharynx

(65%). Forty-six per cent of the patients had an IgG-M-pro-

tein, 4% had free light chain disease only and 43% had no

M-protein. Median M-protein was 0 g/l (range 0–22�8 g/l).

In view of the time frame of the study, a MRI was only

performed in 42% of the cases, mainly for diagnostic pur-

pose of the affected area. FDG-PET scan was performed in

11% of the patients (n = 8). The plasmacytoma size was only

documented in 20 cases (25%). M-protein 1 year after treat-

ment was available in 46% of the patients.

Treatment

Treatment consisted of local radiotherapy in 91% of the

patients, 7% of the patients received systemic chemotherapy

and 11% underwent surgical removal in combination with

local radiotherapy. One patient was not treated. The radiother-

apy dose was >40 Gy in 89% of the patients. A limited number

of patients (n = 8) had a lower dose (20–39 Gy) due to the

combined treatment of radiotherapy and chemotherapy.

Progression to MM

Local relapses of the plasmacytoma were not observed. Of

patients with a SBP, 70% progressed to MM with a median

Follow-up (years)
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Fig 1. Kaplan–Meier curve of progression to

Multiple Myeloma. SBP, solitary plasmacytoma

of the bone; EMP, extramedullary plasmacy-

toma.
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Fig 2. Immunohistochemical staining for HIF-

1a, HIF-2a, VEGF and MVD in SBP and EMP

biopsies. Immunohistochemical staining on

biopsies from a solitary plasmacytoma of the

bone (SBP) and extramedullary plasmacytoma

(EMP). HIF-1a, HIF-2a, hypoxia inducible fac-

tor; VEGF, vascular endothelial growth factor;

MVD, micro-vessel density.
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time to progression of 19 months (range 5–131, Fig 1). Of

the EMP patients, 12% (n = 3) progressed to MM after 6, 33

and 71 months. The 5-year PFS was significantly different

between SBP and EMP (38% vs. 93%, P = 0�0001). However,

the overall survival (OS) between SBP and EMP was not sig-

nificantly different (P = 0�294) with an OS of 70% vs. 81%

at 5 years and 64% vs. 77% at 10 years, mainly because 4

EMP patients died within 5 years of diagnosis due to disor-

ders unrelated to MM.

MVD, HIF and VEGF expression by clonal plasma cells

To determine whether tumour-related predictors can be

defined for the difference in PFS between SBP and EMP,

immunohistochemical staining of plasmacytoma biopsies

were performed for SBP (n = 13) and EMP (n = 9) samples

(Fig 2). Six patients progressed to MM (5 SBP and 1 EMP).

All biopsies (n = 22) demonstrated increased MVD as

defined by CD34-positive staining in comparison to normal

bone marrow (3�5 � 2�9 (mean � standard deviation) vessel

number per power field (Houwerzijl et al, 2013). The MVD

between SBP and EMP was not significantly different

(P = 0�5). Plasma cell expression of HIF-1a, HIF-2a and

VEGF was studied, as an increase in MVD might be a reflec-

tion of locally produced VEGF triggered by hypoxia. A clear

distinction was observed for HIF-1a and HIF-2a. HIF-1a
was demonstrated in plasma cells in a minority of the cases

(36%) although the surrounding endothelial cells demon-

strated a distinct positive staining. HIF-2a and VEGFA stains

were positive in more than 80% of the plasma cells in all of

the studied samples; no difference was observed between SBP

and EMP (Fig 3).

Finally, all defined in vivo and in vitro prognostic parame-

ters were included in a univariate Cox regression analysis.

No association with progression to MM was observed except

for the location of the plasmacytoma (SBP versus EMP;

HR = 8�9, 95% CI = 2�7–29�1, P = <0�001), as depicted in

Table II. There was insufficient data to draw any conclusions

regarding persistent M-protein at 1 year after treatment and

lesion size.

Discussion

In this large population-based cohort we showed that despite

optimal local control with radiotherapy, patients with a SBP

are at high risk for progression to MM with a median time

to progression of 19 months. No association with progres-

sion to MM was observed for other prognostic parameters.

However, no consistent results with regard to prognostic

parameters have been obtained between different studies

except for the difference between SBP versus EMP (Wilder

et al, 2002 and Ozsahin et al, 2006).

In addition, tumor-related factors, such as MVD, VEGF

and HIF-2a expression, were studied and demonstrated

increased expression but without significant difference

between SBP and EMP. Also, no association with progression
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Fig 3. Results of immunohistochemical staining for angiogenic

parameters. Percentage of patients with a positive stain for the angio-

genic parameters shown in at least of 80% of the plasma cells. SBP,

solitary plasmacytoma of the bone; EMP, extramedulary plasmacy-

toma; HIF, hypoxia inducible factor; VEGF, vasculair endothelial

growth factor; MVD, micro vessel density (depicted in absolute

numbers).

Table II. Cox regression analysis for progression to MM.

HR 95% CI P-value

SBP versus EMP <0�001
SBP 8�9 2�7–29�1
EMP 1

Age 0�23
≥60 years 1�5 0�78–2�8
<60 years 1

M-protein at diagnosis 0�95
0 1

0–6�9 g/l 1�1 0�49–2�6
>6�9 g/l 0�95 0�42–2�2

% plasma cells at diagnosis 0�62
<2% 1

3% 1�2 0�53–2�6
>3% 1�5 0�68–3�1

Bence Jones proteinuria 0�71
Negative 1

Positive 0�80 0�24–2�6
HIF-1a 0�53
Negative 1

Positive 0�58 0�10–3�2
HIF-2a*
>80%

VEGF*

>80%

MVD 0�25
Low 2�6 0�51–13�9
High 1

SBP, solitary plasmacytoma of the bone; HIF, hypoxia inducible fac-

tor; VEGF, vasculair endothelial growth factor; MVD, micro vessel

density; HR, hazard ratio; 95% CI, 95% confidence interval.

*All patients had a value >80%, hazard ratio not estimable.
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to MM was demonstrated, in contrast to a large cohort

reported by Rajkumar et al (2002), in which increased MVD

on bone marrow samples was associated with progression to

MM. The difference might be due to the smaller number of

patients studied. In addition, our cohort included a relatively

high number of EMP (41%) patients, of which 78% had a

high MVD score but a low-relapse rate, suggesting that these

factors are not interconnected.

Nowadays more sophisticated techniques can be used for

the diagnosis of SP. As advised by the International Myeloma

Working Group (IMWG), staging of SBP should include an

MRI of the spine and pelvis (Dimopoulos et al, 2009). This

is based on a small series reported by Lieboss et al (1998), in

which 15 SBP patients were studied. In our study MRI was

performed in 42% of the patients, but this was mainly for

diagnostic purposes and did not always include the spine

and pelvis. Only limited patient numbers have been reported

regarding the relevance of FDG-PET scanning at diagnosis

for SBP (Nanni et al, 2008; Warsame et al, 2012). In the pre-

sent study, 8 patients (3 EMP, 5 SBP) had an FDG-PET scan

at diagnosis. Four of these 8 patients progressed to MM.

Remarkably, all 3 of these EMP patients had a negative FDG-

PET but still progressed to MM.

Recent studies have demonstrated that more careful exam-

ination of the bone marrow of SBP patients identified a clon-

ally related plasma cell population in 68% of the patients.

The presence of this occult bone marrow disease (OMD) is

of prognostic significance and is highly predictive for pro-

gression to MM, with a time to progression of 18–
26 months. (Hill et al, 2014; Pavia et al, 2014). The strong

predictive value of OMD and the short PFS supports the

potential use of systemic treatment in addition to local

radiotherapy in this high-risk group of SBP. Avil�es et al

(1996) compared radiotherapy with and without melphalan/

prednisone therapy for 36 months in 58 patients. After a

median follow-up of 8�9 years, 21% of the patients in the

melphalan/prednisone group progressed versus 53% in the

radiotherapy group (Avil�es et al, 1996). That study did not

identify high-risk SBP patients and treatment was without

the use of the more effective immunomodulatory derivatives

(IMIDs) and proteasome inhibitors. In future, early treat-

ment may prevent or delay symptomatic disease in this high

risk group, as has been shown in a group of high risk smoul-

dering MM cases, of which 50% progress to MM within

2 years (Mateos et al, 2013). Treatment with lenalidomide

and dexamethasone resulted in superior PFS and OS com-

pared to no treatment. Moreover, clinical significant symp-

toms were reduced by the treatment (Mateos et al, 2013). A

study using a combination of an IMID and a proteasome

inhibitor in addition to local radiotherapy in high-risk SBP

is now being developed.

In conclusion, based on the population-based cohort in

our retrospective study, patients with SBP who are treated

with local curative radiotherapy appear to have a high risk of

developing MM. Adding systemic treatment with novel

agents, such as proteasome inhibitors or IMID might

improve the outcome of this patient group.

Author contributions

EGMdW and EV designed the research study, EGMdW and

EV analysed the data and wrote the manuscript; NV per-

formed data analysis; ML, JV, FO, WS, SH, MH, MH, and

MB collected clinical data and updated the database con-

tributed to results interpretation. AD and EGMdW analysed

the immunohistochemistry performed on the biopsies.

Conflict of interest

None.

References

Avil�es, A., Huerta-Guzman, J., Delgado, S.,

Fern�andez, A. & D�ıaz-Maqueo, J.C. (1996)

Improved outcome in solitary bone plasmacy-

toma with combined therapy. Hematological

Oncology, 14, 111–117.

Dimopoulos, M.A., Moulopoulos, L.A., Maniatis,

A. & Alexanian, R. (2000) Solitary plasmacy-

toma of bone and asymptomatic multiple mye-

loma. Blood, 96, 2037–2044.

Dimopoulos, M., Terpos, E., Comenzo, R.L., Tosi,

P., Beksac, M., Sezer, O., Siegel, D., Lokhorst,

H., Kumar, S., Rajkumar, S.V., Niesvizky, R.,

Moulopoulos, L.A. & Durie, B.G.; IMWG

(2009) International myeloma working group

consensus statement and guidelines regarding

the current role of imaging techniques in the

diagnosis and monitoring of multiple Myeloma.

Leukemia, 23, 1545–1556.

Eckert, A.W., Lautner, M.H., Sch€utze, A., Taubert,

H., Schubert, J. & Bilkenroth, U. (2011) Coex-

pression of hypoxia-inducible factor-1a and glu-

cose transporter-1 is associated with poor

prognosis in oral squamous cell carcinoma

patients. Histopathology, 58, 1136–1147.

Hill, Q.A., Rawstron, A.C., de Tute, R.M. & Owen,

R.G. (2014) Outcome prediction in plasmacy-

toma of bone: a risk model utilizing bone mar-

row flow cytometry and light-chain analysis.

Blood, 124, 1296–1299.

Houwerzijl, E.J., van den Heuvel, F.A., Blom, N.R.,

van der Want, J.J., Mulder, A.B. & Vellenga, E.

(2013) Sinusoidal endothelial cells are damaged

and display enhanced autophagy in myelodys-

plastic syndromes. British Journal of Haematol-

ogy, 161, 443–446.

Kumar, S., Fonseca, R., Dispenzieri, A., Lacy,

M.Q., Lust, J.A., Wellik, L., Witzig, T.E., Gertz,

M.A., Kyle, R.A., Greipp, P.R. & Rajkumar, S.V.

(2003) Prognostic value of anigiogeneis in soli-

tary bone plasmacytoma. Blood, 101, 1715–1716.

Lieboss, R.H., Ha, C.S., Cox, J.D., Weber, D.,

Delasalle, K. & Alexanian, R. (1998) Solitary

bone plasmacytoma: outcome and prognostic

factors following radiotherapy. International

Journal of Radiation Oncology Biology Physics,

15, 1063–1067.

Mateos, M.V., Hern�andez, M.T., Giraldo, P., de la

Rubia, J., de Arriba, F., L�opez Corral, L.,

Rosi~nol, L., Paiva, B., Palomera, L., Bargay, J.,

Oriol, A., Prosper, F., L�opez, J., Olavarr�ıa, E.,

Quintana, N., Garc�ıa, J.L., Blad�e, J., Lahuerta,

J.J. & San Miguel, J.F. (2013) Lenalidomide plus

dexamethasone for high-risk smoldering multi-

ple myeloma. The New England Journal of Medi-

cine, 369, 438–447.

Nanni, C., Rubello, D., Zamagni, E., Castellucci,

P., Ambrosini, V., Montini, G., Cavo, M., Lodi,

F., Pettinato, C., Grassetto, G., Franchi, R.,

E. G. M de Waal et al

666 ª 2016 John Wiley & Sons Ltd
British Journal of Haematology, 2016, 175, 661–667



Gross, M.D. & Fanti, S. (2008) 18F-FDG PET/

CT in myeloma with presumed solitary plasmo-

cytoma of bone. In Vivo, 22, 513–517.

Ozsahin, M., Tsang, R.W., Poortmans, P., Belk-

ac�emi, Y., Bolla, M., Dinc�bas, F.O., Landmann,

C., Castelain, B., Buijsen, J., Curschmann, J.,

Kadish, S.P., Kowalczyk, A., Anacak, Y., Ham-

mer, J., Nguyen, T.D., Studer, G., Cooper, R.,

Seng€oz, M., Scandolaro, L. & Zouhair, A. (2006)

Outcomes and patterns of failure in solitary

plasmacytoma: a multicenter Rare Cancer Net-

work study of 258 patients. International Journal

of Radiation Oncology Biology Physics, 64, 210–

217.

Pavia, B., Chandia, M., Vidriales, M.B., Colado, E.,

Caballero-Vel�azquez, T., Escalante, F., Garcia de

Coca, A., Montes, M.C., Garcia-Sanz, R., Ocio,

E.M., Mateos, M.V. & San Miguel, J.F. (2014)

Multiparameter flow cytometry for staging of

solitary bone plasmacytoma: new criteria for risk

of progression to myeloma. Blood, 124, 1300–

1303.

Rajkumar, S.V., Mesa, R.A., Fonseca, R., Schroe-

der, G., Plevak, M.F., Dispenzieri, A., Lacy,

M.Q., Lust, J.A., Witzig, T.E., Gertz, M.A., Kyle,

R.A., Russell, S.J. & Greipp, P.R. (2002) Bone

marrow angiogenesis in 400 patients with mon-

oclonal gammapathy of undetermined signifi-

cance, multiple myeloma, and primary

amyloidosis. Clinical Cancer Research, 8, 2210–

2216.

Rajkumar, S.V., Dimopoulus, A.M., Palumbo, A.,

Blade, J., Merlini, G., Mateos, M.V., Kumar, S.,

Hillengass, J., Kastritis, E., Richardson, P., Land-

gren, O., Paiva, B., Dispenzieri, A., Weiss, B.,

LeLeu, X., Zweegman, S., Lonial, S., Rosinol, L.,

Zamagni, E., Jagannath, S., Sezer, O., Kristins-

son, S.Y., Caers, J., Usmani, S.Z., Lahuerta, J.J.,

Johnsen, H.E., Beksac, M., Cavo, M., Gold-

schmidt, H., Terpos, E., Kyle, R.A., Anderson,

K.C., Durie, B.G. & Miguel, J.F. (2014) Interna-

tional Myeloma Working Group updated crite-

ria for the diagnosis of multiple myeloma. The

Lancet. Oncology, 15, 538–548.

Soutar, R., Lucraft, H., Jackson, G., Reece, A.,

Bird, J., Low, E. & Samson, D. (2004) Guideli-

nes on the diagnosis and management of soli-

tary plasmacytoma of the bone and solitary

extramedullairy plasmacytoma. British Journal of

Haematology, 124, 717–726.

Warsame, R., Gertz, M.A., Lacy, M.Q., Kyle, R.A.,

Buadi, F., Dingli, D., Greipp, P.R., Hayman,

S.R., Kumar, S.K., Lust, J.A., Russell, S.J., Wit-

zig, T.E., Mikhael, J., Leung, N., Zeldenrust,

S.R., Rajkumar, S.V. & Dispenzieri, A. (2012)

Trends and outcomes of modern staging of soli-

tary plasmacytoma of bone. American Journal of

Hematology, 87, 647–651.

Weidenaar, A.C., ter Elst, A., Koopman-Klein, G.,

Rosati, S., den Dunnen, W.F., Meeuwsen-de

Boer, T., Kamps, W.A., Vellenga, E. & de Bont,

E.S. (2011) High acute myeloid leukemia

derived VEGFA levels are associated with a

specific vascular morphology in the leukemic

bone marrow. Cellular Oncology, 34, 289–296.

Wilder, R.B., Ha, C.S., Cox, J.D., Weber, D., Dela-

salle, K. & Alexanian, R. (2002) Persistence of

myeloma protein for more than one year after

radiotherapy is an adverse prognostic factor in

solitary plasmacytoma of bone. Cancer, 94,

1532–1537.

ª 2016 John Wiley & Sons Ltd 667
British Journal of Haematology, 2016, 175, 661–667

Solitary Plasmacytoma and Progression to MM


