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femur and subsequent metastasis to the left
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Abstract. Non-Hodgkin lymphoma of the bone is rare and
typically causes an extensive bone lesion. The present study
describes a case of diffuse large B-cell primary non-Hodgkin
Ilymphoma of the bone, which occurred in the right femur,
and was initially treated with surgery and chemotherapy.
Following a 7-year period of complete remission, a new,
similar lesion was identified in the left femur. With both
lesions, there was no accompanying destruction of any other
bones or organ involvement. Metastasis of PLB to the contra-
lateral side is extremely rare and, to the best of our knowledge,
this is the first report of this particular presentation in China
or worldwide. We hypothesized that the present situation arose
due to mechanisms involving the tumor microenvironment,
circulating tumor cells, lymphocyte homing and self-seeding.
The present report describes the case in detail, and discusses
the possible underlying mechanisms and their potential contri-
bution to the treatment of non-Hodgkin lymphoma, as well as
the prevention of metastasis and recurrence, which may be of
considerable clinical significance.

Introduction

The majority of cases of non-Hodgkin lymphoma of the bone
are classified as diffuse large B-cell lymphoma (DLBCL),
and typically derive from the lymph nodes and lymphoid
tissues. DLBCL is prone to early distant metastasis, and has
an aggressive clinical course, which may include invasion of
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the skeletal, nervous, digestive or respiratory systems. Primary
non-Hodgkin lymphoma of the bone (PLB) is an extremely rare
disease that accounts for 7% of all malignant bone tumors, and
4-5% of all extranodal non-Hodgkin lymphoma (1,2). In addi-
tion, PLB accounts for ~2% of all lymphomas in adults and
<1% of all malignant lymphomas (2-4). The incidence of PLB
peaks in patients of ~55 years of age, and this type of lymphoma
exhibits a male preponderance, with a male-to-female ratio
of 2:1 (2). The principal areas of destruction in cases of PLB
are the tubular bones of the limbs and the axial skeleton;
destruction may be observed in the femur, tibia, humerus, and
vertebral bodies, and also the shoulder blades, pelvis, ribs and
sternum (2,5). Beal et al (6) reported that the femur was the
most common site of involvement, accounting for 27% of 82
cases in a retrospective study of patients with PLB. Additional
common sites of involvement included the pelvis (15%),
tibia (13%), humerus (12%) and spine (9%), while other sites
accounted for 6% of cases (6). Wu et al (7) also suggested that
the femur was the most common site of unifocal PLB, whereas
the spinal bones were more commonly involved in cases of
multifocal PLB. Patients with PLB typically exhibit a good
prognosis and present with mild clinical symptoms, including
localized bone pain and, less commonly, systemic symptoms,
such as fever, emaciation and night sweats (5). Relapse of PLB
is characterized by spread of the disease to the central nervous
system, but this is rare (2).

The incidence of PLB is extremely low, and the metastasis
of PLB from one long bone to the contralateral long bone
is even rarer (3). The present study describes a patient with
DLBCL of the right femur, who achieved 7 years of complete
remission following initial treatment with surgery and a stan-
dard chemotherapy regimen (six cycles, three weeks/cycle)
consisting of cyclophosphamide (1,200 mg, day 1), doxoru-
bicin (80 mg, day 1), vincristine (2 mg, day 1) and prednisolone
(100 mg, days 3-7), plus the monoclonal anti-CD20 antibody
rituximab (600 mg, day 0) (R-CHOP). However, the patient
subsequently developed a new similar lesion in the left femur.
No invasion of other bones or organs was observed throughout
the disease course. To the best of our knowledge, this is the
first report of this particular condition, and its underlying
molecular mechanisms require additional study. Increasing
knowledge regarding these mechanisms may provide novel
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strategies for the prevention of tumor metastasis and recur-
rence. Interventions based on these mechanisms may be able
to decrease the growth and transfer of tumor cells, which may
be of clinical significance.

Case report

A 65-year-old female presented to the Beijing Jishuitan Hospital
(Beijing, China) in 2002 with a history of pain in the ventral
side of the right thigh. Computed tomography (CT), emission
CT (ECT), magnetic resonance imaging and positron emission
tomography (PET) examinations all revealed an osteolytic
lesion of the right upper femur and a pathological fracture of the
femoral neck, without destruction of any other bones or organ
involvement. The specimen from the femoral head, following
femoral head replacement surgery, was hematoxylin and eosin
stained using a horseradish catalase DAB Color kit (OriGene
Technologies, Inc., Beijing, China). Uniform large cells were
observed using a light microscope and immunohistochemistry
revealed positive reactivity for leukocyte common antigen
(LCA), cluster of differentiation (CD)20, CD79a and CD43, and
no reactivity for CD15, CD30, vimentin, cytokeratin, CD99,
S-100 protein or CD34. All primary and secondary antibodies
(from the UltraSensitive™ S-P Hypersensitive Concentrated
Kit: cat. no. KIT-0100M; dilution 1:1, ready-to-use; Goat anti
Mouse IgG) were purchased from Fuzhou Maixin Biotech Co.,
Ltd., Fuzhou, China. The antibodies used were as follows: LCA
(cat. no. Kit-0024; dilution 1:1,000), CD20 (cat. no. Kit-0001;
dilution 1:300), CD79a (cat. no. MAB-0258; dilution 1:50), CD43
(cat.no. MAB-0032; dilution 1:200), CD15 (cat. no. MAB-0015;
dilution 1:200),CD30 (cat.no. MAB-0023; dilution 1:4), vimentin
(cat. no. Kit-0019; dilution 1:1), cytokeratin (cat. no. Kit-0009;
dilution 1:1), CD99 (cat. no. MAB-0059; dilution 1:1), S-100
(cat. no. Kit-0007; dilution 1:1), CD34 (cat. no. Kit-0004; dilution
1:200). The primary antibodies were incubated for 60 min at
room temperature or at 4°C overnight; secondary antibodies
were incubated for 10 min at room temperature. The examina-
tion, which detected the expression of LCA, CD20, CD79a and
CD43, enabled a definite diagnosis of primary DLBCL of the
right femur (Fig. 1). Following the diagnosis, the patient received
six cycles of CHOP (cyclophosphamide 1,200 mg, day 1; doxo-
rubicin 80 mg, day 1; vincristine 2 mg, day 1; and prednisolone
100 mg, days 1-5) chemotherapy (three weeks/cycle), followed
by eight cycles of rituximab (600 mg, day 0) (three weeks/cycle)
as consolidation therapy. Subsequently, the patient achieved
complete remission and was discharged from hospital.

In June 2009, 7 years after the initial diagnosis, the patient
presented to the Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology (Wuhan,
China) with pain in the left femur, similar to the symptoms
experienced in the right femur 7 years prior. Routine examina-
tions and peripheral blood and bone marrow cytology smears
all appeared normal. B-mode ultrasonography of the superficial
lymph nodes revealed several swollen lymph nodes located in
the left side of the neck and the right groin. ECT of the bone
demonstrated there was a focal enhancement in the upper left
leg. A PET-CT scan revealed an area of bone destruction in
the left femoral head, femoral neck and the upper femur, with a
region of abnormal density in the bone marrow cavity. In addi-
tion, the PET-CT scan revealed multiple bilateral femoral lymph
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nodes with increased metabolic activity. As was observed for the
previous lesion 7 years prior, there was no apparent destruction
of additional bones or organs. Considering the patient's medical
history and the existing test results, the patient was diagnosed
with PLB of the left femur. It was hypothesized that the previous
PLB of the right femur had recurred and transferred to the left
femur (Fig. 2).

Subsequently, eight 6-day cycles of standard rituximab
(600 mg per cycle)-CHOP chemotherapy were administered
to the patient. R stands for the rituximab, and this regime can
increase the efficiency of the chemotherapy using a CHOP.

However, in this regimen, liposomal adriamycin was
used instead of doxorubivin in order to reduce cardiotoxicity,
although there were no corresponding symptoms. The dosage
of the liposomal adriamycin was 40 mg/cycle and the doses of
other medicines are same as the aforementioned CHOP regime.
Following chemotherapy, the patient improved; although
PET-CT performed on 8th September, 2009 and 10th December,
2009 continued to demonstrate bone destruction in the left
femoral head, femoral neck and upper femur with abnormal
density in the bone marrow cavity, the abnormal metabolic
activity was decreased compared with the scan prior to treat-
ment. A subsequent PET-CT scan, performed on 5th May, 2010,
revealed that the patient's condition had further improved. On
the basis of chemotherapy, radiation therapy (30 Gy/10 f) was
used intermittently. Following radiation therapy, rituximab was
used exclusively as consolidation therapy for a total of 6 cycles
(600 mg each cycle, three months apart). Though the patient had
not achieved complete remission, the patient's general condition
improved and no other sites of recurrence were identified in
the subsequent follow-up ~7 years after treatment finished. The
second femoral head replacement surgery was refused by the
patient. Written informed consent was obtained from the patient
for publication of the present study.

Discussion

PLB is a rare type of malignant bone tumor and most
commonly occurs in patients aged ~55 years. PLB typically
presents with localized ostealgia and primarily invades the
bone, with or without cortical invasion or soft tissue exten-
sion. Regional lymph nodes or remote organs are not typically
affected (2,8,9). In addition to pathological fractures, patients
with PLB may present with systemic symptoms, including
fever, emaciation and night sweats (10). X-ray examination
typically reveals widespread osteolytic lesions located in the
axial skeleton or the metaphysis of long bones (11). However,
due to the low morbidity, local symptoms, including pain and
difficulty of movement at the lesion location, and inconspicuous
systemic symptoms, PLB is difficult to specifically diagnose
using radiography, and the final diagnosis usually depends on
the histopathological assessment of biopsy specimens (5).

The patient in the present study was an elderly female with
PLB. The lesion was initially identified in the right femur, and the
patient achieved a complete remission following femoral head
replacement and systemic treatment, including chemotherapy
and targeted rituximab therapy. However, similar symptoms
developed in the same portion of the left femur after ~7 years of
complete remission. The patient was diagnosed with PLB on the
basis of the symptoms and related clinical findings. PLBs in the
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Figure 1. Pathological staining of a specimen from the femoral head of a patient with primary non-Hodgkin lymphoma of the bone. (A) Hematoxylin and eosin
staining of a pathological section of the femoral head. This figure show uniform large cells, clear nucleoli and nuclear debris. (B) Ki-67 staining of the tumor
cells. The ratio of tumor cells that are stained brown to those that are not is the Ki-67 index. Magnification, x40.
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Figure 2. Positron emission tomography-computed tomography examination of a patient with primary non-Hodgkin lymphoma of the bone. In August 2009, a
segment of bone destruction was identified on the left femoral head, femoral neck and upper femur with an area of abnormal density in the bone marrow cavity.
In addition, multiple bilateral femoral lymph nodes with abnormally increased metabolic activity were identified. In the images, ‘1’ indicates the femoral head
replaced after the right femoral PLB, and ‘2’ indicates the new lesion identified in the left femur. (A) Coronal, (B) transaxial and (C) sagittal images are shown.

spine, hip, ribs and skull have previously been identified (12);
however, to the best of our knowledge, metastasis of the
primary focus to the contralateral side has not been described.
Therefore, the present case is extremely rare. It was initially
unclear whether the second PLB lesion in the patient was a new
lesion or metastasis. However, as the second lesion was of the
same pathological type and in a similar region of the body to
the first instance of PLB, and exhibited a successful response to
the R-CHOP chemotherapy regimen, it was considered that the

second case of PLB was due to a contralateral transfer according
to the monophyletic theory.

Previous studies have suggested that circulating tumor cells
(CTCs) tend to migrate back to the primary tumor site, or to an
area similar to the original tumor microenvironment, by various
mechanisms, including lymphocyte homing and self-seeding;
such mechanisms depend on the chemokines, adhesion molecules
and macrophages that exist in the microenvironment. The afore-
mentioned mechanisms can lead to the recurrence and metastasis
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of the tumor. In addition, mesenchymal stem cells (MSCs) may
serve a function in the progression of malignancy (13-19). The
present patient had received treatment consisting of femoral head
replacement and chemotherapy following the initial diagnosis.
Thus, the original microenvironment in the patient's right femur
was destroyed, and was not suitable for CTC engraftment. As a
consequence, the cancer cells migrated to a similar microenvi-
ronment to that of the original PLB; following the establishment
of CTCs in the left femur, the rich blood supply and appropriate
microenvironment enabled the tumor cells to survive and prolif-
erate, resulting in a new lesion in the left femur of the patient.
The patient therefore experienced cancer relapse, and received
8 cycles of CHOP plus rituximab, in addition to radiation therapy,
resulting in remission.

Previous studies have demonstrated that tumor microvascular
endothelial cells have an increased permeability compared with
any other location in primary malignant tumors (20,21). These
characteristics may enable the transfer of primary tumor cells
through the endothelium and into the blood to become CTCs, and
also cause the CTCs to gravitate to locations that are similar to
the tumor site, or to the original tumor itself (22-24). Lymphocyte
homing and self-seeding also serve notable roles in the metastasis
and recurrence of malignancies (25). These two mechanisms
may facilitate the transfer of CTCs to the original tumor site or
to similar sites, and lymphatic-endothelial recognition serves a
key function during this process (13,15,16,26). Furthermore, a
previous study revealed that chemokines and adhesion mole-
cules, which are components of the tumor microenvironment,
contribute to the migration and homing of malignant B lympho-
cytes (19); these molecules include L-selectin, C-X-C chemokine
receptor type 4, lymphocyte function-associated antigen 1, C-C
chemokine receptor type (CCR)7 and CCR2 (19). Additionally,
the microenvironment is crucial for the survival of malignant T
and B lymphocytes (27). In recent years, the interaction between
the tumor microenvironment and MSCs, and the functions in
tumor growth and progression, have been identified (18). Tumor
necrosis factor (TNF)-a in the tumor microenvironment may
cause MSC:s in healthy tissues to acquire similar functions to
those of MSCs in the tumor stroma, and thereby accelerate the
growth and progression of the neoplasm (18). The co-existence
and interactions between the aforementioned mechanisms may
explain how the present patient developed recurrence of PLB
in a similar anatomical region following a period of complete
remission for 7 years.

The study of the aforementioned mechanisms may provide
novel strategies for preventing tumor metastasis and recurrence.
Previous studies have demonstrated that the interaction between
cancer cells and the stromal cells of the tumor microenviron-
ment is required for the survival and localization of cancer
cells (27-29). Recently, targeted treatments based on cytokines
and adhesion molecules have been investigated, leading to
improvements in the treatment of tumors and inhibition of
tumor metastasis (30). Donate et al identified that junctional
adhesion molecule (JAM)-C, which is produced by the vascular
endothelium and by human B lymphocytes, is required for B
lymphocyte homing. Furthermore, to some extent, the use
of anti-JAM-C antibodies could restrict B cell migration and
adhesion to the bone marrow, lymphoid organs and spleen (30).
Cilengitide, an anti-angiogenic inhibitor of integrins avf3
and avf5, has also been used clinically (31). Additionally,
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thalidomide, which is used to treat multiple myeloma, following
rituximab treatment has been identified to exhibit an anticancer
effect in lymphoma via interfering with the microenvironment,
inhibiting TNF-a and decreasing the induction of adhesion
molecules (32). Furthermore, owing to the high permeability of
the tumor vasculature, anti-angiogenic therapy can reduce CTCs
to engraft and the original tumor to transfer (33). The tumor
microenvironment and tumor angiogenesis have been demon-
strated to serve significant roles in a number of types of solid
tumor, including prostate, breast and ovarian cancers (34-37).

In summary, the current study presented a case of PLB
that metastasized from one femur to the contralateral femur
after 7 years of complete remission, which is an extremely
rare manifestation. Various studies have researched the inter-
play between the tumor microenvironment and lymphocyte
homing, self-seeding and MSCs, and have demonstrated that
these mechanisms can contribute to the growth, progression,
recurrence and metastasis of tumors. The previous studies may
provide an explanation for the occurrence of metastasis in the
present case. In recent years, there has been increasing interest
in treatments based on these mechanisms. Exploitation of the
underlying molecular mechanisms that enable the migration
and engraftment of cancer cells may facilitate the develop-
ment of novel anticancer strategies (such as interference with
the tumor microenvironment or the production of antibodies
against key cell surface molecules) that could be used to
reduce the recurrence and metastasis of the disease.
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