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Results: At a median follow-up of 53 months (range 3-246), PF-BL patients exhibited lower rates of overall response (ORR,
78% versus 85%; P =0.17), 5-year progression-free survival (PFS, 53 + 6% versus 61 + 3%; P =0.02) and 5-year overall sur-
vival (OS, 54 + 6% versus 68 + 3%, P =0.008) than controls. Initial surgical stabilization of the PF did not change therapeutic
outcome (5-year OS: 45 + 9% versus 54 + 10%; P =0.20). PF-BL patients referred to irradiation of the fractured bone before
chemotherapy exhibited a significantly poorer outcome than patients managed with the inverse sequence (ORR: 52% versus
92%, P =0.0005; 5-year OS: 22 + 14% versus 64 + 9%, P =0.007). Multivariate analysis confirmed the independent associ-
ation between PF and worse survival and the negative effect of radiotherapy as initial therapy.

Conclusion: Fracture is an independent, adverse prognostic event in patients with bone DLBCL. Anthracycline-based
chemotherapy followed by radiotherapy seems to be the better treatment sequence. Initial fracture stabilization does not
seem to improve outcome; it should be used to improve patient’s quality of life only if chemotherapy delays can be avoided.
Key words: diffuse large B-cell lymphoma, bone lymphoma, pathological fractures, bone fixation, radiotherapy,

osteolymphoma

introduction

Bone lymphomas represent 3% of all primary bone malignan-
cies, and <3% of all lymphomas in adults [1-3]. Bone lymph-
omas occur at any age, but with a predominance of elderly
males and particularly affects the metaphysis and diaphysis of
long bones [4-5]. Pain and swelling are the most common pre-
senting symptoms [5, 6]. Between 66% and 90% of primary
bone lymphomas are diffuse large B-cell lymphomas (DLBCL)
[3, 7-9], usually presenting as limited-stage disease, and good
prognosis when managed with modern combined therapies,
with a 5-year OS OS rate of 70%-100% [3, 9, 10]. However,
several biological, clinical and therapeutic questions remain
open, mostly due to the fact that the related literature is almost
exclusively based on small retrospective series.

Pathological fracture (PF) is one of the most frequent compli-
cations of bone lymphomas at presentation, varying in fre-
quency between 10% and 20% [2, 9, 11]. However, no data on
the clinical features or the effects of PF on management and
prognosis are available. Questions remain regarding the best
method of surgical stabilization to enable healing of the PF, the
effect of radiotherapy as initial treatment and the optimal man-
agement for long-term local control of the disease.

To help answer some of these questions, we analyzed an inter-
national retrospective series of 373 patients with newly diag-
nosed DLBCL and skeletal involvement accomplished under the
sponsorship of the International Extranodal Lymphoma Study
Group (IELSG). The clinical features, management and out-
comes of 78 patients with PF and of 295 patients without PF
were compared.

patients and methods

study population

The members of the IELSG were invited to participate in a retrospective
study focused on bone lymphomas (the IELSG #14 study). Selection criteria
were histological diagnosis of non-Hodgkin’s lymphoma, skeletal involve-
ment, age >18 years and treatment carried out at the participating centers
between 1980 and 2005. Questionnaires included personal data, clinical pres-
entation, performance status (ECOG-PS), biochemical markers, diagnosis,
stage, treatment, toxicity and outcome. Information about PF was specifi-
cally requested. The resulting database included information on 499 cases of
bone lymphomas treated at 32 Cancer Centres in 14 countries (list of

contributors at the end of the text). One hundred and eleven cases of lymph-
oma categories other than DLBCL and 15 cases of DLBCL without complete
staging, clinical and treatment-related data were excluded; the remaining 373
patients with DLBCL with suitable data constituted the study population for
this report. In order to investigate clinical features, therapeutic management
and outcome of PF in these 373 assessable patients, the 78 patients with PF
at presentation (‘PF-BL’; pathological fracture in bone lymphoma) were com-
pared with the 295 patients without PF (‘controls’). The study conformed to
the tenets of the Declaration of Helsinki and was approved by the Institutional
Review Boards and ethics committees of the participating centers.

statistical considerations

A comparison of discrete variables was made by chi-square test or Fisher’s
exact test. Contributors defined responses as complete, partial, stable disease
or progressive disease and response rates were recorded as either complete
(CRR) or both complete and partial combined as overall response rates
(ORRs). Recorded response regards all the lymphomatous lesions, and not
only bone lesions, assessed after first-line treatment conclusion. Progression-
free survival (PFS) was calculated from the date of the start of treatment to
date of relapse, progression or death, or to the last date of follow-up. OS was
calculated from the date of histological diagnosis to the date of death or last
follow-up visit. Survival curves were estimated using the Kaplan-Meier
method and compared by log-rank test. The Cox proportional hazards
model was used for multivariate analyses and estimation of relative risks. All
the probability values were two-sided. All analyses were carried out using the
SPSS 13.0 statistical package for Windows (Lead Technologies Inc, 2004).

results

patients’ characteristics

A comparison between study subgroups showed, as expected, that
PF-BL patients had a significantly worse Eastern Cooperative
Oncology Group-Performance Status (ECOG-PS, Table 1).
Within the PF-BL group, there were 47 patients with unifocal
disease (stage-IE disease), while 31 had multifocal disease (more
than one lesion in the same bone) or polyostotic (lesions in more
than one bone) disease. There were no differences in the number
of involved bones and in extra-osseous disease, whereas distribu-
tion of affected bones was different between groups, with more
common involvement of spine and limb bones in the PF-BL
group (Table 1). Bulky disease and infiltration of regional and
distant lymph nodes and extranodal organs were equally distribu-
ted between PF-BL patients and controls (Table 1).
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Table 1. Clinical features of patients with bone DLBCL divided
according to the presence of pathological fracture (PF)

Without P (X?
fracture, n (%)  test)

PF, n (%)

Number of patients 295

Male 151 (51)
57 (17-85)
82 (28)

122 (41)

Median age (range)
ECOG PS >1
Ann Arbor stage
I and IV
Elevated LDH serum level® 25/4

9 107/209 (51)
B symptoms 9

8

4

50 (17)
251 (85)
117 (40)

Pain 6
Swelling 2

7
31

)
)
)
)

Involved bones
Single 47 (60%)
Multiple 31 (40%)
Osseous sites
Skull 6(8)
Spine 30 (38)
Pelvis 13 (17)
21 (27)
38 (49)

189 (64%)
106 (36%)

52 (18)
77 (26)
73 (25)
45 (15)
95 (32)

Upper limb
Lower limb
Extra-osseous sites
Regional lymph nodes 9(12)
Distant lymph nodes 8 (10)
20 (26)

50 (17) NS
35(12) NS

Extranodal organs 74 (25) NS

LDH, lactate dehydrogenase; IPI, International prognostic index.
*Relationship between patients with increased serum LDH levels and
patients with available LDH level data.

antineoplastic treatment and management of PF

The initial treatment included surgery in 30 PF-BL patients. The
surgical approach consisted of internal fixation, including intra-
medullary rod, (n=18), laminectomy/decompression (n=4),
excision/joint replacement (n=4) and arthroplasty/prosthesis/
osteosynthesis (n=4). Five patients underwent orthopedic
intervention on the PF during or after chemo-radiotherapy, of
these, two had internal fixation, two had amputations and one
had a joint replacement. Within the PF-BL group, there were no
differences in clinical presentation and disease characteristics
between patients undergoing initial surgery and the others (data
not shown).

Treatments received by PF-BL group and controls are sum-
marized in Table 2. Sixty-seven PF-BL patients and 270 controls
received chemotherapy, which consisted of an anthracycline-
based regimen in 64 (96%) in the PF-BL group and 265 (98%)
in the control group. Those few patients who did not receive
anthracyclines were all over 70 years of age. Sixty-nine patients
in the PF-BL group and 233 in the control group received radio-
therapy as part of their first-line treatment, receiving a median
dose of 36 Gy both for the PF-BL group (range 18-63) and the
control group (range 4-56). The irradiated volume included
the whole bone in 41 patients in the PF-BL group and 159 in the
control group, but only part of the affected bone in 28 and 74
patients, respectively.
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Among the 268 patients treated with combined treatment
modality, 36 (80%) PF-BL patients and 163 (88%) controls
received chemotherapy followed by radiotherapy (CT-RT),
while the sequence was reversed (RT-CT) in 9 (20%) PF-BL
patients and 21 (12%) controls; 14 PF-BL patients and 25 con-
trols received concomitant chemo-radiotherapy (Table 2).

responses

Response rates after first-line treatment were not significantly
different between PF-BL patients and controls. Fifty-three PF-
BL patients achieved a CR (CRR =68%; 95%CI = 58%-78%)
and eight a PR, with an overall response rate (ORR) of 78%
(95%CI = 69%-87%); 16 PF-BL group patients did not respond
to treatment; response was unknown in one case. Two hundred
and nineteen (74%) patients in the control group attained CR
and 31 achieved PR, with an ORR of 85%; 33 patients in the
control group did not respond to treatment, one died of toxicity,
and the response was unknown in 11 controls.

Initial surgical stabilization of the PF did not appear to affect
response rates: the CRR was 67% (n=20) in the 30 PF-BL
patients undergoing initial surgery and 69% (n =33) in the 48
PF-BL patients who were not managed with initial surgery
(P=0.84). ORR rates were 77% and 79% (P = 0.79), respectively.
Conversely, primary irradiation of the fractured bone followed
by chemotherapy was associated with significantly lower re-
sponse rates: CRR was 78% (28/36) for PF-BL patients treated
with CT-RT and 43% (10/23) for PE-BL patients treated with
RT-CT (P =0.007), with an ORR of 92% and 52% (P = 0.0005),
respectively. Importantly, all the PF-BL patients treated with
RT-CT completed the planned radiation treatment (30-45 Gy),
and the interval between RT conclusion and the first course of
chemotherapy oscillated between 4 and 45 days (median 20).
Likewise, all the PF-BL patients treated with CT-RT completed
the planned radiation treatment (30-48 Gy), and the interval
between the last course of chemotherapy and the first RT frac-
tion oscillated between 0 and 80 days (median 23).

relapse and progression

At a median follow-up of 53 months (range 3-246), 38 patients
in the PF-BL group and 106 in the control group experienced
failure (relapsing or progressive disease), with a 5-year PFS of
53+ 6% and 61 3% (P=0.02), respectively (Figure 1). One-
third of failures observed in PF-BL patients involved the
primary site of disease and the fractured bone; previously unin-
volved bones and lymph nodes were sites of failure in 18% and
13% of the PF-BL group, respectively. One-third of failures con-
sisted of disseminated disease with multi-organ involvement, in-
cluding bones and lymph nodes. Two (5%) patients experienced
central nervous system (CNS) dissemination (meninges, brain);
they had respectively spine and skull involvement at presenta-
tion. Patterns of relapse among the control group were similar
to those observed among the PF-BL group: 20% of failures
involved the primary site of disease, 13% affected previously un-
involved bones, 12% previously uninvolved lymph nodes, 43%
of failures consisted of disseminated disease with multi-organ
involvement and 7% involved the CNS.

Initial surgical stabilization of the fracture did not influence
PFS in PF-BL patients, with a 5-year PFS of 48 +10% and
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able 2. Treatment and outcome

PE-BL group

N (%)

Five-year PFS

Control group

N (%)

Five-year PFS

Chemotherapy alone

Radiotherapy alone

Chemotherapy followed by radiotherapy
Radiotherapy followed by chemotherapy
Concomitant chemoradiation therapy
No therapy

9(11)
10 (13)
36 (46)

9(11)
14 (18)

0(0)

56 +11%
33+11%
55+10%
44 +11%
55+ 10%

61 (21)
24(8)
163 (55)
21(7)
25(8)
1(0.3)

46 + 8%
46 £ 9%
65+ 4%
49 +£10%
66 +10%
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Figure 1. Upper graphic: progression-free survival (PFS) curves of the PF-
BL group (dotted line) and control group (continued line). Lower graphic:
OS curves for PF-BL group patients managed with primary chemotherapy
followed by irradiation of the fractured bone (continued line) and with
primary radiotherapy followed by chemotherapy (dotted line).

56 + 8% (P =0.24), respectively, for patients who underwent an
initial surgical procedure and patients who did not. Conversely,
sequence of combined treatment was associated with different
5-year PFS, which was 44 + 11% for PF-BL patients treated with

RT-CT and 55% + 10% (P =0.07) for PF-BL patients treated
with CT-RT (Table 2).

survival

Forty-two patients in the PF-BL group and 204 in the control
group are alive, with a 5-year OS of 54 + 6% and 68 + 3%, re-
spectively (P=0.008). Among the PF-BL group, 29 (81%)
patients died of lymphoma, three died of therapeutic complica-
tions and four died of unrelated causes. Sixty-six (73%) patients
in the control group died of lymphoma, five died of treatment
complications and 20 died of unrelated causes.

Initial surgical stabilization of the PF did not change the
outcome of the lymphoma treatment, with a 5-year OS of
45+ 9% and 54 +10% (P = 0.20), respectively, for patients who
underwent an initial surgical procedure and patients who did
not. Irradiation of the fractured bone before chemotherapy was
associated with poorer survival, with a 5-year OS of 22 + 14%
for PF-BL patients managed with RT-CT and 64+9%
(P=0.007) for PF-BL patients treated with CT-RT (Figure 1).

A multivariate analysis on the whole series confirmed an inde-
pendent association between PF and worse OS; advanced age,
poor PS, advanced stage, high lactate dehydrogenase (LDH)
serum level and chemotherapy without anthracyclines were also
independently associated with worse OS, (Table 3; upper panel).
A multivariate analysis limited to the 78 patients in the PF-BL
group confirmed that the initial irradiation of the fracture,
advanced age, poor PS, advanced stage and chemotherapy
without anthracyclines were associated with poorer OS, whereas
initial surgical stabilization was not (Table 3; lower panel).
Among radiation variables, doses >30 Gy were independently
associated with better OS, while the irradiation of the whole
affected bone was not influential.

post-treatment sequelae and second PFs

Eight (10%) patients in the PF-BL group experienced a second
PF after treatment, with a median interval between treatment
conclusion and fracture diagnosis of 11 months (range 2-40),
and including four patients treated with initial surgery. All these
events but one occurred in the same bone that was affected by
the original fracture. One patient suffered permanent disability
of the affected limb, while severe transient disability was
recorded in 12 patients; all these patients but one had a PF of
the femur or pelvis at presentation. These sites of disease and
the spine were more commonly associated with chronic persist-
ent symptoms, which were usually mild, but affected 24%
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Table 3. Multivariate analyses

Whole series (n = 373)

Subgroups

95% CI

Annals of Oncology

P values

Age

ECOG-PS

Stage of disease
LDH serum level

B symptoms

PF

Use of anthracycline

Continuous variable
0-1 versus 2-4

I-1I versus ITI-1V
Normal versus high
No versus yes

Yes versus no

No versus yes

1.02-1.05
1.79-3.78
1.38-2.81
1.23-3.17
0.57-1.54
0.41-0.91
0.17-0.92

<0.001
<0.001
<0.001
0.005
0.824
0.015
0.032

PE-BL group (n =78)

Subgroups

95% CI

P values

Age

ECOG-PS

Stage of disease
LDH serum level
B symptoms

Initial radiotherapy

Initial surgical stabilization
Fracture radiation dose
Radiation field

Continuous variable

0-1 versus 2-4

I-1II versus ITI-IV

Normal versus high

No versus yes

Yes versus no

No versus yes

<30 Gy versus >30 Gy

Whole bone versus partial bone

1.02-1.08
1.08-5.07
1.14-4-47
0.80-5.72
0.29-2.40
0.12-0.77
0.71-2.69
0.21-0.98
0.66-2.69

0.001
0.030
0.019
0.127
0.747
0.012
0.326
0.045
0.412

Use of anthracycline No versus yes

(n=10) of survivors. Six patients had second cancers, three
among the PF-BL group and three among the control group:
malignancies were prostate cancer (n = 2), acute myeloid leuke-
mia, gastric cancer, lung cancer and endometrial cancer.

discussion

This is the largest published report on the clinical features, prog-
nostic impact and the management of PF in patients with
DLBCL. Present results suggest that PF is an independent nega-
tive prognostic event in DLBCL patients, and that surgical stabil-
ization as primary treatment does not contribute to improve
outcome. Importantly, this study suggests that radiotherapy of
fractured bone as initial treatment is associated with poorer sur-
vival. Accordingly, patients with DLBCL of the bone and PF
should be treated with primary anthracycline-based chemother-
apy followed by bone irradiation with 30-40 Gy. The use of large
radiation fields was not associated with improved outcome.

The main limitations of this study are its retrospective nature,
which, for instance, did not allow us to investigate pre- and
post-treatment variables predicting the occurrence of a PF-like
lysis of the cortex, tumor size and soft tissue infiltration, and the
fact that most of registered patients were treated in a pre-rituxi-
mab and pre-positron emission tomography (PET) scan era.
However, the impact of these limitations on the conclusions is
unlikely to be significant, considering that the main goals of this
study, that is the role of surgery or radiation therapy as initial
management of PF in DLBCL patients, are independent of the
use of rituximab and PET assessment. It may be hypothesized
that the positive effect of the addition of rituximab might over-
come the impact of some adverse prognostic variables (e.g. the
radio-chemotherapy sequence); however, this is not the rule in
large clinical trials on nodal lymphomas, where the individual
prognosis-determining factors usually kept their validity.
Consequently, we believe that drawn conclusions in this
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pre-rituximab and pre-PET study remain valid for patients with
bone DLBCL currently managed with these important tools.

The goals of initial surgical stabilization of the fracture are
usually not to provide cancer treatment but to preventing
further bone destruction and displacement, to enable weight-
bearing, to assist pain relief or healing and obtaining a better
quality of life. While these are all important goals, there was no
indication of an improved cancer-related outcome from initial
surgery. Our data suggest that any initial surgery should be kept
to a minimum, as the earlier that chemotherapy can be initiated,
the better the cancer outcome is likely to be.

A PF or a high risk of fracture may lead the treating physician
to start the treatment program with radiotherapy. This study
suggests that irradiation of a fractured bone before chemother-
apy does not improve disease control or survival, when com-
pared with CT-RT sequence. Any conclusion about the
sequencing of treatment should be made with caution as those
patients having local treatments first may have been those pre-
senting with more locally destructive lesions. However, in line
with previous reports [6, 12], this study suggests that patients
with PF should be managed like nodal DLBCL, including timely
primary anthracycline-based chemotherapy followed by consoli-
dation radiotherapy to the fractured bone. The use of radiation
doses >30 Gy was associated with improved outcome, which is
in line with recent prospective studies demonstrating that doses
of up to 40 Gy are adequate after chemotherapy for aggressive
lymphomas including extra-nodal sites. The optimal volume
and dose of irradiation for these lymphomas remain suitable
questions for future studies.

Although there was usually no long-term disability in the
present series, involvement of femur, pelvis and the spine was
more commonly associated with chronic symptoms, and a
second PF after anti-lymphoma treatment was recorded in 10%
of our patients. Both radiotherapy and chemotherapy have been
implicated as incurring a higher risk of subsequent PF, in
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particular, concomitant use of corticosteroids and high irradi-
ation doses delivered to whole bones [13-15]. These and other
high-risk factors, such as older age, female sex, osteoporosis, in-
volvement of weight-bearing bones and the size of the biopsy
defect should be accurately considered, and prednisone dose re-
duction to 50 mg/m” and reduction of radiation dose to 30 Gy
when the whole bone is irradiated have been recommended
[16]. With these measures, the only patients who experience late
fractures seem to be those with fracture at presentation and
biopsy-proven recurrence [16]. Subsequent fractures in these
patients may be prevented limiting the size of the biopsy and
achieving early control of local disease with adequate chemo-
radiotherapy.

In conclusion, with all the limitations of a retrospective analysis
of pre-PET and pre-rituximab patients, this study, carried out on
the largest international series, suggests that PF is a negative prog-
nostic event in patients with DLBCL of the bone and provides
useful recommendations for the management of this complica-
tion in everyday practice. Initial surgical stabilization does not
contribute to control the lymphoma, and should be used to
improve patient’s quality of life and prevent bone disintegration
only if chemotherapy delays can be avoided. Irradiation of the
fractured bone as initial therapy is associated with a worse
outcome, suggesting that patients with PF should be treated with
primary anthracycline-based chemotherapy, restraining cortico-
steroid doses, followed by irradiation of the fractured bone, limit-
ing as much as possible radiation volumes and doses.

list of participating centers with the
number of registered patients/center

Princess Margaret Hospital, Ontario Cancer Institute, Toronto,
Ontario, Canada (n=97); San Raffaele Scientific Institute,
Milan, Italy (n=37); Auckland Hospital, Auckland, New
Zealand (n = 30); Christie Hospital Nhs Trust, Manchester, UK
(n=30); Korea Cancer Center Hospital, Seoul, Korea (1 =28);
National University Hospital, Seoul, Korea (n=24); M.D.
Anderson Cancer Center, Houston, TX, USA (n=19); Istituto
Europeo di Oncologia, Milan, Italy (n=19); Westmead
Hospital, Westmead, Australia (n=19); Wesley Cancer Care
Centre, Brisbane, Queensland, Australia (n =18); Northern
Centre For Cancer Treatment, Newcastle, United Kingdom
(n=16); Queensland Radium Institute, Brisbane, Queensland,
Australia (n =14); Istituto Oncologico della Svizzera Italiana,
Bellinzona, Switzerland (n=13); National Cancer Institute,
Bratislava, Slovakia (n=13); North Shore Hospital, Sydney,
Australia (n=13); Royal Prince Alfred, Sydney, Australia
(n=13); Ospedale Policlinico Di Borgo Roma, Verona, Italy
(n=13); Victoria Geelong Hospital, Geelong, Australia (n = 10);
Universita Degli Studi La Sapienza, Roma, Italy (n=38),
Ospedale di Circolo Fondazione Macchi, Varese, Italy (n=28);
Fundaleu, Buenos Aires, Argentina (n=7); Blokhin Cancer
Research Center, Moscow, Russia (n=7); Instituto de
Enfermedades Neoplasicas, Surquillo, Lima, Pert (n=6); East
Coast Cancer Center, Tugun, Queensland, Australia (n=6);
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