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Abstract. Primary bone lymphoma (PBL) is a rare disease, 
accounting for >1% of all cases of malignant lymphoma. 
Diffuse large B‑cell lymphoma (DLBCL) is the most common 
histological type of PBL. The present study reported the case 
of a 68‑year‑old male with primary bone DLBCL, originally 
occurred in the sternum, which is a rare form of presentation. 
Computed tomography (CT), magnetic resonance imaging and 
bone emission CT were performed, followed by immunohisto-
chemical analysis of a biopsy specimen, and the results were 
used to establish the diagnosis. At the time of diagnosis, no 
osseous involvement was observed. The clinical, radiological 
and histological features of PBL can mimic other medical 
conditions, thereby making the diagnosis difficult, and 
frequently leading to delays in treatment. The present study 
investigated the clinical features, management and prognosis 
of PBL, and reviewed previous relevant cases.

Introduction

Primary bone lymphoma (PBL) is an uncommon, malignant, 
neoplastic disorder of the skeleton, which accounts for 5-7% 
of primary bone tumors, 4-5% of extranodal non-Hodgkin 
lymphomas (NHLs) (1,2) and 1% of all NHLs (3‑5). Diffuse 
large B‑cell lymphoma (DLBCL) is the most common 
histological type of PBL, and the majority of patients have 
limited‑stage disease (stages IE‑IIE) at presentation (4,6‑9). The 
most common symptoms at presentation are pain, swelling and 
pathologic fractures (PFs), however, systemic symptoms, such 
as fever, night sweats and weight loss, occur less frequently in 
PBL when compared with other NHLs (10). Previous studies 
have reported the use of radiotherapy, chemotherapy or a 

combination of the two for the treatment of PBL, resulting in 
a generally good prognosis. The present study reported a case 
of PBL of the sternum and reviewed previous relevant cases, 
suggesting potential future investigations.

Case report

A 68‑year‑old male with a four‑month history of a sternal 
mass was admitted to the Second Affiliated Hospital of Dalian 
Medical University (Dalian, China) in March  2014. The 
patient complained of bone swelling in the sternum, but did 
not present systemic symptoms, including fever, night sweats 
or weight loss. A physical examination detected an 8x6‑cm 
painless, firm mass on the anterior sternum, a 4x1‑cm flat mass 
in the right side of the anterior inferior rib and an 1x1‑cm, 
enlarged cervical lymph node. Laboratory tests revealed 
increased serum levels of lactate dehydrogenase  (LDH) 
(381 U/l; normal, 10-240 U/l) and erythrocyte sedimentation 
rate (64 mm/h; normal, 0-15 mm/h). A computed tomography 
(CT) scan identified a soft tissue mass eroding the sternum, 
cortical breakthrough and a destructive osteolytic lesion in the 
sternum, which was permeative with a ‘moth‑eaten’ appear-
ance and an irregular margin. In addition, bone destruction in 
his right side of the anterior inferior rib was observed (Fig. 1). A 
magnetic resonance imaging (MRI) scan revealed a mass with 
a size of 34x63 mm arising from the sternum, which presented 
moderately long T1 and T2 signal intensities on a T1‑weighted 
image (WI) and T2‑WI, respectively, with involvement of the 
surrounding soft tissue (Fig. 2). Furthermore, a bone emission 
CT (ECT) scan demonstrated increased tracer uptake in the 
two humeri, right clavicle, spine, right femur and left tibia, 
which demonstrated multiple bone metastases (Fig. 3). A bone 
marrow cytology examination was normal.

Initially, the patient was considered to suffer from a bone 
tumor due to the presence of a soft tissue mass eroding the 
bone, as determined using imaging. However, PBL was also 
considered as a differential diagnosis. Establishing a diagnosis 
was challenging and pathological results were required for 
verification. A superficial temporal artery biopsy revealed 
a diagnosis of DLBCL, not otherwise specified (NOS), 
germinal center B‑cell‑like (GCB; Fig.  4). Immunohisto-
chemical staining demonstrated that the biopsy specimen 
was positive for CD20, CD79a, B‑cell lymphoma (BCL)‑6, 
CD10, multiple myeloma oncogene 1 and epithelial membrane 
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antigen, revealing a high proliferative index (Ki‑67 = 70%). 
However, the specimen was negative for CD5, CD3, anaplastic 
lymphoma kinase, CD30, BCL‑2 and anion exchanger 
(AE)1/AE3 (Fig. 4). These results led to the diagnosis of DLBCL 
(NOS,  GCB), stage  IVA (Ann  Arbor staging system)  (6),  
with an international prognostic index (IPI) (11) score of 4, 
which indicated that the patient belonged to the high‑risk 
group. The five‑year overall survival (OS) of the high‑risk 
group is 26%, indicating a poor prognosis (11).

Based on the results of the present case, diagnosis of PLB 
using imaging is difficult, since the findings are not pathog-
nomonic, and a prompt histological examination may define 
the diagnosis and avoid the delay in treatment. The patient 
of the current study was treated with the cyclophosphamide, 
epirubicin, vincristine and prednisone (CHOP) regimen, 
with the absence of rituximab due to its high cost. Epirubicin 
was used in place of doxorubicin, as they are the same type 
of chemotherapeutic agent and have a similar mechanism 
of action. The patient completed four chemotherapy cycles: 
Cyclophosphamide, 750 mg/m2 iv d1; epirubicin, 50 mg/m2 iv 

Figure 1. Computed tomography scans revealed bone destruction in the sternum. Images (A) prior to and (B) following treatment.

Figure 2. Magnetic resonance imaging scan revealed a soft tissue mass eroding the sternum. The images demonstrate the transversal view (A) prior to and 
(B) following treatment, and the sagittal view (C) prior to and (D) following treatment.

Figure 3. Emission computed tomograph revealed multiple bone metastases.
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d1; vincristine, 1.4 mg/m2 iv d1; prednisone, 100 mg/m2 po 
d1-5, 21 day per cycle, and the response evaluation indicated 
partial remission according to Cheson's criteria  (12), with 
evidence of rapid reduction of all the lesions. The size of the 
sternal mass decreased to 2x1 cm, while the mass on the right 
side of the anterior inferior rib disappeared (Figs. 1 and 2). The 
patient completed eight chemotherapy cycles; the last follow-
up was December 2014 and response evaluation indicated 
almost complete remission. At present, the patient remains in 
follow‑up, and the development of the disease will continue to 
be monitored. Written informed consent was obtained from 
the patient prior to the publication of the present study. The 
study was approved by the ethics committee of The Second 
Affiliated Hospital of Dalian Medical University, Dalian, 
China.

Discussion

The most common sites of involvement in PBL are the 
extremities. For instance, Beal et al reported that the femur 
(27%), pelvis (15%) and tibia/fibula (13%) are the three 
commonly‑affected locations (10). A case with initial involve-
ment of the sternum was described in the present study, which 
is an uncommon phenotype in PBL. To the best of our knowl-
edge, only six such cases have been previously reported in the 
medical literature (13-18). In addition, the clinical characteris-
tics are nonspecific, making the diagnosis difficult at the onset.

PBL commonly affects male individuals with an age 
range between mid‑40 and mid‑60 years. The most common 
presentations are pain, swelling and PFs, while systemic 
symptoms, including fever, night sweats and weight loss, occur 
less frequently in PBL compared with other non‑Hodgkin 
lymphomas (NHLs) (10). The majority of patients in previous 
studies presented with localized disease  (19‑21); however, 

with the improvements in imaging techniques, including CT, 
MRI, ECT and 18F‑fluorodeoxyglucose‑positron emission 
tomography (PET)/CT, the incidence of multifocal disease has 
increased (22). MRI is more accurate in evaluating PBL, which 
is particularly useful in evaluating the extent of soft tissue 
extension, spine involvement and spinal cord compression, 
as well as assisting the reduction of the volume irradiated (3). 
In addition, a previous study suggested that PET/CT is more 
accurate compared with bone ECT in assessing bone involve-
ment by lymphoma  (23). In addition, PET/CT has been 
demonstrated to be superior to CT and MRI, particularly in 
multifocal disease, and may be significant in the assessment 
of response to treatment (24). However, the imaging charac-
teristics of PBL are variable, with detectable abnormalities, 
and nonspecific to the diagnosis for PBL. Therefore, adequate 
biopsy for histological examination and immunophenotyping 
remains the gold standard for diagnosis. In the present case, 
specific markers were selected, as immunohistochemically, 
DLBCL is often observed to be positive for CD10, CD20 and 
CD79a, while it is frequently negative for CD3, CD5, CD43, 
AE1/AE3 and BCL-2. Furthermore, BCL-6 and MUM-1 are 
used to distinguish between GCB and non-GCB types.

The diagnosis of PBL presents a variety of challenges and, 
due to the absence of prospective clinical studies, the majority 
of PBLs are treated with chemotherapy and/or radiotherapy. 
Radiotherapy was established as the standard treatment in 
earlier years (19,20). However, with the development of highly 
effective chemotherapy regimens and particularly the advent 
of novel agents, such as the anti‑CD20 monoclonal antibody 
rituximab, the role of radiotherapy has been increasingly 
questioned by certain researchers  (2,25-27). Considering 
current studies and several previously‑published studies, 
patients treated with chemoradiotherapy appeared to present 
an improved outcome compared with patients receiving single 

Figure 4. Diffuse infiltration of large B‑cells. (A) Hematoxylin and eosin stained cells. Immunohistochemical analysis revealed that the samples were positive 
for (B) CD20, (C) CD79a, (D) BCL‑6, (E) CD10, (F) MUM‑1, partially positive for (G) EMA and (H) Ki‑67 index 70%; and negative for (I) CD5, (J) CD3, 
(K) BCL‑2 and (L) AE1/AE3. (hematoxylin and eosin staining; magnification, x200). MUM-1, multiple myeloma oncogene 1; EMA, epithelial membrane 
antigen; Bcl, B-cell lymphoma; AE, anion exchanger.
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modality therapy (25-29). These observations require confir-
mation by prospective studies with larger sample groups, since 
specific studies appear to disprove them (2,26,27,33,34). For 
instance, in the IELSG‑14 study, the addition of radiotherapy 
following chemotherapy, or the use of larger radiation fields 
and doses, were not associated with an improved outcome 
in patients treated with chemoradiotherapy  (9). Although 
previous studies have obtained contradicting results, chemo-
radiotherapy is likely to be superior to single modality 
therapy, which may be advantageous for localized unifocal 
bulky sites of disease, which allows a shorter chemotherapy 
course  (1,30,35), or for multifocal disease in relapsing 
cases  (36). Anthracycline‑containing chemotherapy has 
become the standard therapy of DLBCL, while numerous 
studies have demonstrated increased long term remission 
rates with the incorporation of rituximab (33,37‑42). Based 
on the aforementioned findings, chemotherapy plus rituximab 
(immunochemotherapy) is currently considered to be the 
first‑line treatment for CD20‑positive DLBCLs. Furthermore, 
a number of studies pointed out that the positive effect of 
administering rituximab may be evident in certain subgroups 

of DLBCLs. For instance, previous results support that only 
BCL‑2‑positive  (43,44) or BCL‑6‑negative  (45) patients 
significantly benefited from rituximab. In addition, patients 
with activated B‑cell‑like‑DLBCL appear to benefit more 
compared with GCB‑DLBCL patients (45). Considering these 
observations, the patient of the present study may not benefit 
sufficiently from rituximab treatment.

Table I lists a number of representative studies reported 
in the English literature identified by searching PubMed 
and Mediline databases with the key words ‘primary bone 
lymphoma’ (1,2,9,19‑21,27-34,47-59), which investigated 
the response of patients to chemotherapy and radiotherapy, 
regardless of the effect of surgery and molecular targeted 
therapy. From these studies (1,2,9,19‑21,27‑34,47-59), certain 
observations can be summarized and emphasized. First, an 
increasing number of patients are diagnosed with progressive 
stage PBL (patients were staged according to the Ann Arbor 
Staging System), due to the improvement in examination 
techniques. In addition, with the increase in the diagnostic 
rate of multifocal disease that is no longer suitable for radio-
therapy and with the development of novel chemotherapy 

Table I. Representative series describing patients with PBL.
 
Study		  Stage I 					     Five‑year
period	 Number	 and II (%)	 Stage IV (%)	 CXT only (%)	 RT only (%)	 CXRT (%)	 OS rate (%)	 Reference

1907‑1982	 422	 62	 38	 8	 57	 24	 NA	 (46)
1943‑1996	 60	 62	 16	 NA	 8	 58	 61	 (47)
1961‑1999	 94	 74	 26	 7	 3	 53	 88	 (48)
1963‑2003	 82	 81	 0	 30	 13	 57	 88	 (27)
1967‑1992	 45	 100	 0	 8	 11	 80	 68	 (20)
1970‑1978	 37	 100	 0	 5	 0	 95	 91	 (21)
1970‑2003	 37	 100	 0	 46	 41	 8	 65	 (49)
1973‑2005	 1500	 69	 31	 NA	 68	 NA	 58	 (50)
1979‑2007	 19	 58	 42	 58	 0	 42	 NA	 (51)
1980‑2003	 100	 0	 100	 36	 0	 64	 NA	 (36)
1980‑2005	 295	 59	 41	 21	 8	 71	 54	 (52)
1980‑2005	 161	 100	 0	 8	 14	 78	 75	 (34)
1982‑1998	 52	 60	 40	 15	 21	 63	 68	 (30)
1983‑2001	 77	 100	 0	 NA	 13	 87	 88	 (29)
1983‑2005	 131	 46	 54	 44	 NA	 48	 62	 (23)
1985‑2003	 22	 77	 23	 NA	 NA	 68	 85	 (37)
1987‑2008	 116	 100	 0	 12	 13	 75	 76	 (28)
1989‑2005	 30	 70	 30	 17	 10	 70	 73	 (31)
1992‑2010	 33	 39	 61	 52	 0	 48	 75	 (53)
1992‑2012	 22	 86	 14	 23	 4	 73	 86	 (54)
1995‑2004	 28	 32	 68	 NA	 NA	 50	 84	 (55)
1999‑2009	 21	 9	 91	 48	 0	 52	 95	 (33)
1999‑2011	 21	 62	 38	 19	 0	 81	 74	 (44)
2000‑2007	 53	 77	 23	 21	 12	 62	 100	 (32)
2000‑2011	 24	 67	 33	 62	 0	 38	 67	 (56)
NA	 28	 100	 0	 0	 32	 68	 60	 (57)
NA	 31	 68	 32	 0	 0	 100	 90	 (58)
 
CXT, chemotherapy; RT, radiotherapy; CXRT, chemoradiotherapy; OS, overall survival; NA, not available.
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regimens, chemotherapy has gradually become the main 
treatment method. Furthermore, local stage was associated 
with the use of radiotherapy and advanced stage was signifi-
cantly associated with chemotherapy. Therefore, the survival 
analysis of PBL patients revealed that chemoradiotherapy was 
associated with improved survival of local stage in previous 
studies (21,28,31,49); however, no difference in the survival 
rates was observed compared with chemotherapy of advanced 
stage patients in recent studies (2,9,54). Finally, the transfor-
mation of treatment mode was inevitable, which depends on 
the stage.

No conclusive view exists on the response of PBL to 
various radiotherapy doses, while the majority of studies 
used doses that are commonly used to treat NHL (35‑45 Gy 
in 1.8‑2 Gy fractions) (1,30,31). However, a randomized trial 
conducted in the British population revealed that radiotherapy 
at a dose of 30 Gy following chemotherapy was adequate for 
the treatment of NHL, including extra‑nodal sites (60), while 
higher doses may be reserved for cases with a suboptimal 
response to chemotherapy. Another issue is to determine 
whether surgery is required. At present, due to the develop-
ment of effective oncological treatments, surgery is not 
routinely used in the management of PBL, with the exception 
of the initial biopsy performed to establish a diagnosis and the 
treatment of PFs (1,22). A recent study reported that, although 
PFs occurred, the initial surgical stabilization of the PFs did 
not change the therapeutic outcome, and patients receiving 
chemotherapy prior to irradiation of the fractured bone exhib-
ited an improved outcome (53).

The prognosis of PBL is relatively good and equal to that 
of same‑stage systemic DLBCL (55). The five‑year OS rates 
vary greatly, as demonstrated in clinical trials and retrospec-
tive population‑based studies (2,9,20,28,29,51,53). In addition, 
various studies have suggested different prognostic factors, 
including age  (29,50,51,56), gender  (10), stage  (2), LDH 
levels (10), lesion range (51) and IPI score (28,56). Considering 
these factors, the case reported in the present study may have a 
poor prognosis. Notably, several recent studies confirmed that 
the only positive prognostic factor was complete remission (CR) 
following chemotherapy. Once a CR is achieved, even elderly 
patients may exhibit long‑term survival, possibly obviating the 
requirement for surgery for less severe bone lesions (57,61).

In conclusion, the case described in the current study 
improved the understanding on the characteristics of PBL. The 
present authors recommend that unusual and rare conditions 
should be considered as a differential diagnosis when dealing 
with bone tumors and highlight the paramount importance of 
histological analysis for a clarified diagnosis. Although the 
currently available data support the use of chemoradiotherapy 
for the treatment of PBL, further randomized controlled trials 
are required to evaluate the efficacy of this treatment strategy.
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