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Background
This study evaluates the effectiveness of immunochemotherapy and radiation therapy
in the treatment of patients with primary bone lymphoma (PBL).

Methods

We retrospectively reviewed the medical records of 33 patients with PBL who were treated
at 6 medical centers in Korea from 1992 to 2010. Clinicopathological features and treat-
ment outcomes were analyzed.

Results

The median age of the patients participating in our study was 40 years. The most common
sites of involvement were the pelvis (12.36%) and femur (11.33%). CHOP (cyclophospha-
mide, doxorubicin, vincristine, and prednisolone) or CHOP-like regimens were ad-
ministered to 20 patients (61%), and R-CHOP (rituximab plus CHOP) was administered
to the remaining 13 patients (39%). The overall response rate was 89% (complete re-
sponse, 76%; partial response, 12%). The overall survival (OS) of patients with solitary
bone lesions was longer than that of patients with multiple bone lesions (median OS:
not reached vs. 166 months, respectively; P=0.089). Addition of rituximab to CHOP did
not significantly affect either OS or progression-free survival (P=0.53 and P=0.23, re-
spectively). Combining radiation therapy with chemotherapy also did not improve the
OS or progression-free survival of patients with solitary bone lesions.

Conclusion

Conventional cytotoxic chemotherapy remains an effective treatment option for patients
with PBL. Additional benefits of supplementing chemotherapy with either rituximab or
radiation therapy were not observed in this study. Further investigation is needed to char-
acterize the role of immunochemotherapy in treating patients with PBL.
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INTRODUCTION

first described by Oberling in 1928 and was later defined
as a separate clinical entity in 1939, following the publication
of a 17-case series by Parker and Jackson.

Primary bone lymphoma (PBL) is a rare disease, accounting
for only 7% of primary bone malignancies and approximately
5% of extranodal non-Hodgkin lymphomas (NHLs). PBL
represents <2% of all lymphomas in adults [1]. PBL was

O0C)

Traditionally, PBL was defined as lymphoma localized
to the bone without evidence of soft tissue or nodal
involvement. In this study, diagnosis of PBL was based on
the 2002 World Health Organization classification of tumors
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of soft tissue and bone [2]. Hence, positive diagnosis was
defined by the presence of either a single bone lesion, with
or without regional lymph node (LN) involvement, or a
multiple bone lesion, without visceral or LN involvement.

According to the World Health Organization classi-
fication, the most common histopathological subtype of PBL
is diffuse large B-cell lymphoma (DLBCL) [3]. Initial diag-
nosis of PBL can be challenging due to nonspecific symptoms
and ambiguous radiological results. Furthermore, standard
treatment regimens have not yet been established because
of the low incidence rates of PBL. Prior to the availability
of effective chemotherapeutic drugs, PBL was treated with
radiation therapy (RT) or surgery. Since introducing cyto-
toxic agents as treatment options for PBL, several studies
have established that chemotherapy combined with RT is
better than RT alone [1, 4]. However, some recently pub-
lished studies have reported that no differences were ob-
served between the overall survival (OS) of patients treated
with chemotherapy alone and those given a combination
of chemotherapy and RT, although the number of cases
involved in these studies was too low to achieve statistical
significance. Other reports have suggested that patients treat-
ed with rituximab-based chemotherapy have improved sur-
vival rates [5]. Rituximab, a monoclonal antibody directed
against the CD20 antigen expressed on lymphocytes, was
approved by the US Food and Drug Administration for the
treatment of B-cell NHL in 1997. Multiple randomized trials
have shown that the addition of rituximab to chemotherapy
regimens improves outcomes in patients with aggressive
non-osseous NHL [6-9]. One retrospective analysis of PBL
showed that the addition of rituximab to chemotherapy im-
proved the progression-free survival (PFS) but not the OS
[2]. However, the roles of rituximab and RT in the treatment
of patients with PBL have not been established thus far.
The present study aimed at examining the clinical character-
istics of PBL among Korean patients and assessing the out-
comes of different treatment options, including rituximab-
based regimens.

MATERIALS AND METHODS

1. Patients

We retrospectively included patients who were diagnosed
with PBL at 6 medical centers in Korea, between 1992 and
2010. Clinical data retrieved from medical records were
analyzed. PBL was defined as lymphoma with solitary bone
lesions with or without LN involvement, or multiple bone
lesions without LN, visceral, or bone marrow involvement.

Only patients with DLBCL, confirmed by histological ex-
amination, were included. Patients with bone marrow in-
volvement or other histological diagnoses such as anaplastic
large cell lymphoma, Burkitt lymphoma, Hodgkin lympho-
ma, and lymphoplasmacytic lymphoma were excluded from
this study.

All participating patients’ medical records were reviewed,
and the treatment outcomes were noted, including response

to treatment and survival. Clinicopathological features were
also analyzed, including age at diagnosis, sex, stage,
International Prognostic Index (IPI), Eastern Cooperative
Oncology Group (ECOG) performance status, histological
diagnosis, site of disease, number of bone sites involved
(solitary vs. multiple bone involvements), type of treatment,
and dates of the last follow-up visit and of the patient’s
death. Clinical staging was determined according to the Ann
Arbor Staging System [10], using contrast-enhanced com-
puted tomographic scans of the neck, chest, abdomen, and
pelvis and, in most cases, using magnetic resonance imaging
(MRI) results of the affected area. Stage I and II were defined
by the presence of a single skeletal tumor without or with
regional LN involvement (IE or IIE, respectively), and stage
IV was defined by the presence of multiple bone lesions
without visceral, LN, or bone marrow involvement. Stage
I or II PBLs were described as IE or IIE to indicate the
involvement of an extralymphatic organ, referring to primary
bone involvement.

2. Outcome analysis

Treatment response was assessed using the International
Working Group response criteria [11] or the revised response
criteria [12], for pre-positron emission tomography and post-
positron emission tomography data, respectively. In addition,
criteria proposed by a Miami University group were applied
to clarify any ambiguity in the results obtained using imaging
techniques [5]. OS was defined as the period extending from
the date of PBL diagnosis to the date of the last follow-up
visit, or the date of death from any cause. PFS was defined
as the period extending from the date of treatment initiation
to the date of documented disease progression, or the date
of death caused by the disease itself or by treatment toxicity.

3. Statistics

Statistical analysis of the data was performed using SPSS
version 14.0 for Windows (SPSS, Chicago, IL). The Xz test
was used to compare frequencies between the 2 subgroups
subjected to different treatment modalities. Survival curves
were constructed based on the Kaplan and Meier method
and compared using the log-rank test. The Cox proportional
hazard model was used to identify the prognostic factors
associated with OS and PFS. A 2-sided P<0.05 was consid-
ered statistically significant.

4. Ethics
The study protocol was reviewed and approved by each
hospital’s institutional review board.

RESULTS

1. Patient characteristics

This study included a total of 33 patients with primary
DLBCL of the bone; the participating patients’ demographic
characteristics are presented in Table 1. The median age
was 40 years (range, 14-71 years). Nineteen patients (58%)
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were men, and 14 (42%) were women. The most common
sites of involvement were the pelvis (13.39%), femur
(11.33%), and ribs (8.24%) (Table 2). At the time of pre-
sentation, 13 patients (39%) had tumors involving a single
bone, and 20 patients (61%) had multisite lesions. Clinical
stage varied among patients, such that 11 patients (33%)
were at stage IE, 2 (6%) at stage IIE, and 20 at stage IV
(61%) of the disease.

2. Treatment

Of the 33 patients, 16 (48%) were initially treated with
chemotherapy alone, and 17 (52%) with chemotherapy and
RT. No patients in our study were treated with RT alone.
While the majority of patients with solitary bone lesions
underwent combined modality treatment (70%), patients
with multiple bone lesions were predominantly treated with
chemotherapy alone (60%). All patients received anthracy-
cline-containing regimens such as CHOP (cyclophospha-
mide, doxorubicin, vincristine, and prednisolone), with or

Table 1. Patient characteristics (N=33).

Characteristic N

Gender

Male 19 (58%)

Female 14 (42%)
Age

Median (range), years 40 (14-71)
No. of bone lesions

Solitary 13 (39%)

Multiple 20 (61%)
IPI

Low 15 (50%)

Low-intermediate 11 (37%)

High-intermediate 3 (10%)

High 1 (3%)
Stage

IE 11 (33%)

IIE 2 (6%)

v 20 (61%)

Abbreviation: IPI, International Prognostic Index.

Table 2. Distribution of the sites of bone involvement.

Site N
Pelvic bone 13 (39%)
Femur 11 (33%)
Rib 8 (24%)
Spine 7 (21%)
Tibia 7 (21%)
Humerus 7 (21%)
Skull 6 (18%)
Sacrum 5 (15%)
Clavicle 4 (12%)
Scapula 3 (9%)
Mandible 1 (3%)
Sternum 1 (3%)
llium 1 (3%)

without rituximab, and the median number of chemotherapy
cycles was 6 (range, 2-8). R-CHOP (rituximab plus CHOP)
was administered to 4 patients (31%) with solitary bone
lesions, and to 9 patients (45%) with multiple bone lesions.
Combined modality treatment was administered to 17 pa-
tients (52%), and consisted of chemotherapy that was fol-
lowed by RT in most cases (15 patients). The median radiation
dose was 4,500 cGy (range, 3,000-5,600 cGy) (Table 3).

3. Response to treatment

Of the 33 patients who were treated with chemotherapy,
with or without radiation, 24 (76%) achieved complete re-
sponse (CR) and 4 (12%) achieved partial response (PR).
The overall response rate (ORR) following treatment was
88% (95% confidence interval [CI]: 73-97). Eight of the
24 patients who had achieved CR experienced relapse during
the follow-up period. The relapse rate was 34%, and the
median time to relapse was 87 months (95% CI: 61-114).
No differences in ORR and CR rates were observed between
patients who had received R-CHOP and those who had
received CHOP (85% and 77% vs. 90% and 75%, respectively;

Table 3. Treatment.

Solitary bone  Multiple bones

Single therapy

Chemotherapy alone 4 (30%) 12 (60%)

RT alone 0 0
Combination therapy

Chemotherapy — RT 8 (62%) 7 (35%)

RT — chemotherapy 1 (8%) 1 (5%)

Concurrent chemoradiation 0 0
Chemotherapy

CHOP or CHOP-like 9 (69%) 11 (55%)

R-CHOP 4 (31%) 9 (45%)

Abbreviations: CHOP, cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone; R-CHOP, rituximab plus CHOP; RT,
radiation therapy.
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Fig. 1. Overall survival of all participating patients with primary bone
lymphoma (median overall survival: 166 months, 95% Cl: 0-339).
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Fig. 2. Survival by number of bones involved. (A) Overall survival (OS) of patients with solitary bone lesions compared to that of patients with
multiple bone lesions (median OS: not reached vs. 166 months, P=0.089) and (B) Progression-free survival (PFS) of patients with solitary bone
lesions compared to that of patients with multiple bone lesions (median PFS: 74 months vs. 74 months, P=0.99).
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Fig. 3. Progression-free survival of patients with solitary bone lesions
treated with radiation therapy (Median progression-free survival: 74
months vs. 87 months, P=0.78). Abbreviation: RT, radiation therapy.

P=0.64).

4. Survival

The median OS was 166 months (95% CI: 0-339). The
Kaplan-Meier curve of OS of patients with PBL exhibited
a downward-sloping curve for a 4-year period, before reach-
ing a plateau (Fig. 1). Longer OS was generally observed
among patients with solitary bone lesions than that among
those with multiple bone lesions (median OS: not reached
vs. 166 months, respectively; P=0.089; Fig. 2). No significant
difference in OS was observed between patients treated with
chemotherapy alone and those treated with chemotherapy
followed by RT (median OS: 87 months vs. not reached,
respectively; P=0.69). Addition of rituximab to CHOP did
not result in significant improvement to OS and PFS (P=0.53
and P=0.237, respectively). Supplementing chemotherapy
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Fig. 4. Overall survival of patients at stage IV of the disease, treated with
rituximab (Median overall survival: not reached, P=0.53).

with RT also did not affect OS and PFS in patients with
multiple bone lesions (data not shown) and patients with
solitary bone lesions (Fig. 3). Moreover, OS and PFS were
not significantly affected by the addition of rituximab to
the treatment regimens in patients with advanced PBL (Fig.
4) and patients with limited disease (data not shown).

DISCUSSION

PBL is a rare subtype of NHL. Therefore, owing to its
low incidence rates, specific therapeutic guidelines for PBL
treatment have not yet been established. Therapeutic options
include surgery, RT, chemotherapy, or chemoradiation. Prior
to the use of chemotherapy as treatment, PBL was treated
using radiation or surgery. However, the role of surgery
in PBL should be limited to biopsies, bone fracture repair,
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or disease control in selected patients with low-grade lym-
phomas who cannot tolerate additional therapeutic inter-
ventions because of other medical conditions.

In the 1960s, RT was established as the standard PBL
treatment method, with reported cure rates ranging from
44% to 63% [13-15]. However, despite relatively high CR
rates following RT alone, relapse in regions outside the radia-
tion field was commonly observed. Therefore, although radi-
ation provides excellent local control, systemic therapy is
needed to prevent recurrence outside the radiation portal
[13-15].

While some studies have established that combined modal-
ity treatment consisting of chemotherapy and RT provides
a superior outcome to RT alone [16], other studies have
failed to demonstrate such a significant advantage of com-
bined modality over RT alone [1]. Recently, clinical outcomes
of patients treated with immunochemotherapy such as ritux-
imab have been reported [5]. However, no study has yet
reported the detailed treatment response characteristics of
PBL patients treated with rituximab-containing regimens
in Korea. In the present study, we observed that most PBL
cases characteristically exhibited male predominance and
had a younger median age (40 years) than nodal DLBCL
cases [17], which is consistent with previously published
studies. On the other hand, previous reports had established
that the most common site of involvement was the femur,
followed by the pelvis, fibular or tibia, humerus, and spine,
in descending order of frequency. However, according to
our study, the pelvic bone was the most common involve-
ment site [1, 18].

It is difficult to diagnose PBL and monitor response to
treatment using simple imaging techniques such as radio-
graphy. Indeed, initial radiographs of patients with PBL may
sometimes appear normal, while subsequent examination
using bone scans or MRI would detect abnormalities. There-
fore, conventional radiography has limited value in the diag-
nosis of PBL. Moreover, gallium scans, MRI, and positron
emission tomography may falsely indicate activity following
therapy due to bone remodeling [4], which further compli-
cates the assessment of treatment response. Previous studies
have associated certain factors with the survival rates of
patients with PBL. The number of bones involved (single
vs. multiple) has been established as the main prognostic
factor and was demonstrated as such in a large-scale study
(422 patients) conducted by Ostrowski er 2/ [19] In addition,
Ramadan er al and Catlett er al. [2, 20] demonstrated the
association of high IPI scores with significantly worse patient
outcomes. In the present study, our results confirm that
the number of bones involved significantly affects the OS
rates (P=0.089, Fig. 2), which is consistent with previous
observations.

The effects of different treatment modalities on patients
with PBL have not been determined. However, several stud-
ies have established that chemotherapy is essential for suc-
cessful treatment of PBL [21-23]. Moreover, Alencar er al
suggested that the addition of rituximab to chemotherapy
regimens has a beneficial effect on the survival of patients

with PBL [5]. However, our results showed that the addition
of rituximab to the treatment regimen did not significantly
affect the OS of patients who underwent chemotherapy alone
or the OS of patients who were given a combined modality
treatment of chemotherapy and RT. Furthermore, our results
demonstrated that the Ann Arbor stage, ECOG performance
status, and IPI score were not associated with patient out-
comes, which is consistent with the Miami University report
[5].

Our study has several limitations. First, the small number
of patients included in the study made it difficult to achieve
statistically significant results. Second, the retrospective na-
ture of our analysis compromised the analysis of different
clinical outcomes between the subgroups. This study faced
the inherent challenges of studying such a rare disease.
Nevertheless, to our knowledge, this is the first study that
investigates the role of immunochemotherapy in the treat-
ment of PBL patients in Korea. Moreover, it is among the
largest case series studies on PBL that have ever been
conducted. While this study failed to demonstrate the benefi-
cial effects of supplementing standard chemotherapy regi-
mens with either RT or rituximab, it confirmed that conven-
tional cytotoxic chemotherapy is a successful treatment op-
tion for patients with PBL. Further investigation is required
to characterize the role of immunochemotherapy in treating
patients with PBL.
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