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Abstract The aim of our report is to demonstrate the com-
plementary roles of bone scintigraphy (BS), magnetic reso-
nance imaging (MR), and positron emission tomography
using 2-deoxy-2-[18F]fluoro-D-glucose (F-18-FDG PET/
CT) in the diagnosis and treatment monitoring of a child with
primary non-Hodgkin’s lymphoma of bone (PLB). Increased
blood flow, high tissue accumulation, and markedly increased
uptake on the late BS pointed toward an active bone process in
the left femoral region. Bone marrow infiltration of the left
femur and cortical sclerosis, which were both demonstrated by
MR imaging, were later confirmed as PLB by bone marrow
biopsy. The normalizations of the flow and tissue phases of
BS a year after treatment and during the entire follow-up were
in keeping with inactive disease and clinical remission. How-
ever, even 8 years after treatment and complete remission,MR
imaging demonstrated persistent unmodified bone marrow
alteration and appreciable cortical involvement. A slightly
increased metabolic activity of the left femoral epiphysis
demonstrated by F-18-FDG PET/CT and mild activity in the
same region on delayed BS were demonstrated in the late
follow-up. Our results strongly suggest that BS and MR
imaging should be included in the diagnostic algorithm of

children with undefined bone symptoms. However, mild met-
abolic activity on the F-18-FDG PET/CT scan could not reli-
ably differentiate between the presence or absence of disease
in a patient with PLB in clinical remission.
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Introduction

Primary non-Hodgkin’s lymphoma of bone (PLB) is a rare
subtype of non-Hodgkin’s lymphoma, which comprises less
than 1 % of all lymphomas and 5 % of all extranodal non-
Hodgkin’s lymphoma [1, 2]. It is a very rare malignancy in
children, and only 2–9 % of cases involve the bone/bone
marrow as the primary site [3]. Boys appear to be affected
more frequently than girls [2]. The most common sites of
involvement are the femur, pelvis, and tibia [2].

Because of its diversity, heterogeneity, the presence of
unusual symptoms, and rare incidence in children, PLB ap-
pears to be quite a diagnostic challenge. The imaging of
primary bone lymphoma should, therefore, have a key role
in the early diagnosis, detection of the extent of the disease,
and follow-up of children after treatment.

Different morphologic and scintigraphic imaging modali-
ties have been used for the detection of malignant bone/bone
marrow involvement in children, but none have yielded any
general recommendations on an optimal imaging algorithm
[4–11]. Correlative imaging modalities, defined as the com-
bined interpretation of different imagingmodalities, have been
reported as being superior to separate analysis in children
because each of the modalities on its own has certain advan-
tages as well as limitations [4].

The aim of our report is to demonstrate the complementary
roles of bone scintigraphy (BS), magnetic resonance imaging
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(MR), and positron emission tomography using 2-deoxy-
2-[18F]fluoro-D-glucose (F-18-FDG PET/CT) in the diagno-
sis and treatment monitoring of a child with primary non-
Hodgkin’s lymphoma of bone.

Case report

In 2006, a 15-year-old girl was admitted to our Pediatric Clinic
with a 12-month history of recurrent pain in both lower limbs,
especially the left one. One year prior to admission, she had
been treated with oral nonsteroidal anti-inflammatory drugs.
Due to the worsening of her symptoms, several months before
admission the girl had been prescribed corticosteroid medica-
tions in order to reduce the inflammation and pain.

On admission, the dominant symptoms included pain in the
lower left limb and partial to complete immobility. The left
knee was slightly swollen, presenting considerable tenderness
and limited mobility. No history of trauma was reported.
Physical examination showed no lymphadenopathy, spleno-
megaly, or any other system abnormality.

Laboratory analysis showed an increased erythrocyte sed-
imentation rate of 49 mm/h and no other hematological ab-
normalities or blood disorders. Radiographs of both lower
limbs revealed no detectable abnormalities.

A three-phase bone scan with Tc-99m-1,1-diphosphono-
2,3-propanodicarboxylic acid (Tc-99m-DPD) and MR imag-
ing was performed on 2 consecutive days. Increased blood
flow, high tissue accumulation, and higher distal left femoral
uptake in the late bone phase strongly supported an infective/
inflammatory active bone process (Fig. 1a,b,c). Other parts of
the skeletal system showed normal tracer distribution on the
delayed whole-body scan. However, bone marrow infiltration
of the left femur and cortical sclerosis were demonstrated by
MR imaging (Fig. 1d,e), so the child was referred to an
orthopedic surgeon for bone marrow biopsy.

Bone marrow biopsy of the distal part of the left femur
showed large abnormal cells; immunohistochemical analysis
identified them as positive for anti-CD10 and anti-CD20
antibodies, thus confirming the diagnosis of primary non-
Hodgkin’s B cell lymphoma of bone.

The patient received eight cycles of R-CHOP (cyclophos-
phamide, doxorubicin, vincristine, prednisolone, and mono-
clonal antibody retuximab) in 3-week intervals, followed by
20 external beam radiotherapies (36 Gy). The therapy was
well tolerated, and 1 year after treatment the patient achieved
full remission, complete with full mobility and the absence of
pain in the leg. Repeated bone marrow biopsy of the affected
bone showed no presence of the disease.

The child was followed up for 8 years by means of BS and
MR imaging. Additionaly, 2-deoxy-2-[18F]fluoro-D-glucose
(F-18-FDG PET/CT) was performed in the late follow-up
period. The control MR imaging done a year (Fig. 2d,e) and

8 years (Fig. 3d,e) after treatment did not show remarkable
changes compared with the initial image. Moreover, even
8 years after treatment and complete remission, MR imaging
demonstrated persistent unmodified bone marrow alteration
and appreciable cortical involvement, with low level signal on
the T1-weighted (T1w) sequence and hyperintense signal on
the T2-weighted (T2w) images.

On the other hand, the flow (Figs. 2a and 3a) and tissue
phases (Figs. 2b and 3b) of a three-phase bone scan normal-
ized after treatment and during the whole observation period,
which was in concordance with the clinical course of the
disease. The late bone scan changed significantly a year after
treatment, reflecting the resolution of the disease (Fig. 2c).
However, 8 years after treatment the bone phase did not
achieve complete normalization, demonstrating mild in-
creased activity on the epiphyseal portion of the femur
(Fig. 3c). A sclerotic lesion of the left femur was demonstrated
on the CT portion of the F-18-FDG PET/CT scan (Fig. 4a),
accompanied by slightly increased F-18-FDG metabolic ac-
tivity on the epiphyseal region of the left femur during the last
follow-up (Fig. 4b, c).

Discussion

A review of the literature revealed many cases of PBL patients
presenting with mono- or polyarthritis [13]. The most com-
mon presenting complaint in PBL is pain without a preceding
trauma, which is slight and intermittent in the early phase of
the disease and intolerable in the later stages. This was also the
case with our patient, whose pain was partially relieved by
nonsteroidal antinflamatory drugs at the onset of the disease.
Our patient also showed nonspecific clinical presentation of
the disease without the symptoms usually associated with a
malignant condition, such as weight loss, early morning
vomiting, constant tiredness, nausea, paleness, or persistent
fever.

Pathological classification of PLB can demonstrate a wide
spectrum of histological subtypes, although most are classi-
fied as intermediate-grade or aggressive B-cell lymphomas
[14]. According to the diagnostic criteria for confirming PLB,
imaging plays the most important role in the early diagnosis,
assessment of the extent of the disease, and monitoring of
therapy in patients with PLB [15].

Conventional imaging modalities proved to be indetermi-
nate in cases of PLB [12, 13]. The radiographic appearance of
PLB is variable, meaning that bone lesions can appear near
normal on radiographs [12], which was the case in our study.
Compared to a CT, Ga-67 scintigraphy proved to be
highly sensitive and specific, both in the diagnosis and
as a predictor of long-term outcome in patients with
bone lymphoma [11]. Although CT may yield different
patterns of lesions in patients with PLB at presentation,
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during, and after treatment, this method is not consid-
ered reliable enough because it does not show negative
results even 1 year after remission [9]. This was

confirmed by our case, in which the sclerotic lesion of
the left femur was demonstrated on the CT portion of
the F-18-FDG PET/CT scan 8 years after treatment.

Fig. 1 A 15-year-old female with
primary non-Hodkin’s B cell
lymphoma of bone. Anterior
three-phase bone scan (Tc-99m-
DPD) and MR imaging of the left
knee. a Increased flow, b tissue,
and c delayed bone accumulation
of the left knee and distal left
femur. Coronal MR imaging of
the left femur. d T1-weighted
image reveals infiltration of the
left femur with cortical sclerosis.
e T2-weighted image shows a
hyperintense, pathological signal
in the femur

Fig. 2 A 15-year-old female with
primary non-Hodkin’s B cell
lymphoma of bone a year after
treatment. Anterior three-phase
bone scan (Tc-99m-DPD) and
MR imaging of the left knee.
a Normal flow, b normal tissue
accumulation, and c mild focal
accumulation of the left knee;
slightly decreased tracer
accumulation in the distal left
femur and proximal tibia. Sagittal
MR imaging of the left knee.
d T1w image reveals neoplastic
infiltration of bone marrow of the
left femur with cortical sclerosis
with low level signal. e T2w
image shows femoral
deformation with infiltration

Skeletal Radiol (2015) 44:863–868 865



Several staging investigations following the diagnosis of
Ewing's sarcoma (ES) and osteosarcoma compared F-18-FDG
PET/CT, BS, and other conventional imaging modalities
[5–12, 16]. Numerous primary bone tumors are found to be
FDG avid, but the degree of FDG uptake in bone tumors does
not necessarily reflect the malignant potential [5]. Many

benign sources of FDG uptake in the musculoskeletal system
can be mistaken for aggressive or malignant processes in the
bone. Benign bone and soft-tissue lesions can simulate malig-
nancy, particularly if they are highly avid, whereas low-grade
malignancies with low FDG uptake can be mistaken for
benign lesions [7]. Ulaner et al. compared F-18-FDG PET/

Fig. 3 A 15-year-old female with
primary non-Hodkin’s B cell
lymphoma of bone 8 years after
treatment. Anterior three-phase
bone scan (Tc-99m-DPD) and
MR imaging of the left knee.
a Normal flow, b normal tissue
accumulation, and c slightly
increased tracer accumulation in
the distal left femur. d Coronal
T1w MR imaging of the left
femur reveals neoplastic
infiltration of bone marrow of the
left femur with cortical sclerosis.
e Sagittal T2w MR image shows
femoral deformation with
infiltration

Fig. 4 A 15-year-old female with
primary non-Hodkin’s B cell
lymphoma of bone 8 years after
treatment. Coronal F-18-FDG
PET/CT of both legs. a Sclerotic
lesion of the left femur on CT and
b, c slightly increased tracer
uptake in the distal left femur on
F-18-FDG PET/CT
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CT scans and BS in patients with ES and concluded that BS
does not add to staging performed by F-18-FDG PET/CT
when ES is lytic, but in the cases when ES is sclerotic, a bone
scan may detect osseous metastases not otherwise detected by
FDG PET/CT [7]. Franzius et al. found that the sensitivity,
specificity, and accuracy of F-18-FDG PET in the detection of
osseous metastases from Ewing’s sarcomas are superior to
those of BS. However, in the detection of osseous metastases
from osteosarcoma, FDG PET seems to be less sensitive than
BS [10]. Newman et al. conducted staging investigations
following the diagnosis of ES using a chest CT, BS, F-18-
FDG PET/CT scan, and bone marrow biopsy [16]. These
authors pointed out that each of these staging investigations
provides complementary prognostic information, but the op-
timal combination of staging investigations was not clearly
defined [16].

In our case study, a combinedMR imaging and three-phase
bone scan were performed both initially and during the fol-
low-up. Bone scintigraphy is a well-established imaging mo-
dality, and although it is not specific, its exquisite sensitivity
makes it a helpful procedure in many pathological conditions
[17,18]. Moreover, a three-phase bone scan adds important
information about the vascularization of the bone lesion,
differentiating between malignant tumors, which tend to be
more vascularized and have an increased uptake in all three
phases of the scan, and benign bone tumors, which often do
not show changes in the flow and tissue phases of the scan [5].

Magnetic resonance imaging is the standard method of
choice when it comes to diagnosing malignant lesions that
involve bone marrow. A typical MR imaging pattern of the
PLB lesion demonstrates low signal intensity on T1-weighted
images and a hyperintense appearance on T2-weighted im-
ages, as it is more sensitive than CTwhen it comes to detecting
soft-tissue mass [12]. This is why MR imaging should be
routinely used in the initial workup of these lesions [12]. In
our PLB case study, T1-weighted pulse sequences were found
to be most useful in demonstrating the marrow changes, as
T1-weighted images reveal areas of low signal intensity with-
in the marrow. Also, in the case of our patient, T2-weighted
images showed high signal intensity due to peritumoral edema
and reactive marrow changes. However, control MR imaging
done a year and 8 years after treatment did not show remark-
able changes compared with the pretreatment image. Even
8 years after treatment and a clinically complete remission,
MR imaging demonstrated persistent unmodified bone mar-
row alteration and appreciable cortical involvement, with a
low-level signal on the T1w sequence and a hyperintense
signal on T2w images. On the other hand, the findings obtain-
ed from a three-phase bone scan at the time of the diagnosis
were consistent with the active phase of the disease, and the
normalization of the flow and tissue phases a year after treat-
ment and during follow-up was in keeping with inactive
disease and clinical remission. Initially increased delayed

bone uptake can be explained by the spreading of tumor cells
from the marrow through small vascular channels that run
through the cortex [19]. Decreased activity of the affected
bone on a late scan, a year after treatment, was the conse-
quence of radiation osteitis, characterized by a uniformly
decreased uptake within the radiation region. This pattern,
which can be identified up to 6 months after treatment, can
persist for a long time, although the osseous uptake may on
occasion return to pretreatment levels [12]. However, even
8 years after treatment complete normalization of the bone
uptake was not achieved. However, although the presence of
minimal FDG uptake on the PET/CTscan did not provide any
useful information in our study case, its utility in the follow-up
period could be important, especially when the clinical picture
is not clear and when the findings of increased F-18-FDG
uptake could encourage clinicians to perform another biopsy.
Establishing complete or partial treatment response using
imaging can sometimes be difficult, mainly because it is not
always possible to differentiate between residual tumor and
the repair process. These difficulties are particularly relevant
when using imaging modalities that detect malignant bone
involvement based on the presence of bone destruction or
reactive bone remodeling, such as CT, delayed BS, or the type
of imaging that visualizes bone marrow alteration, such as
MR. Even when complete clinical remission has been
achieved, as was the case in our study, normal appearance of
bone on imaging may be absent, and the bone may remain
morphologically abnormal despite the disease being “burnt
out” [20]. All these imaging modalities were found unreliable
in the treatment monitoring of our study case of PLB. Also,
metabolic imaging using F-18-FDG PET/CT scans was found
useless in our case, since mild metabolic activity could not
reliably differentiate between the presence or absence of dis-
ease in a patient in clinical remission. Jones et al. described
decreased FDG accumulation in soft-tissue and musculoskel-
etal sarcomas after neoadjuvant therapies, but not the com-
plete absence of FDG uptake. They speculated that the re-
maining FDG uptake seems to correspond to a pseudocapsule
or infiltrating granulation tissues and fibrosis [20].

More studies are necessary to assess the exact role of this
imaging modality in the diagnosis, staging, and treatment
monitoring of primary bone malignancies, especially the rare
types like PLB.

Conclusion

Our results strongly suggest that BS and MR imaging should
be included in the diagnostic algorithm of children with un-
defined bone symptoms. However, mild metabolic activity on
F-18-FDG PET/CT scans could not reliably differentiate be-
tween the presence or absence of disease in a patient with PLB
in clinical remission.

Skeletal Radiol (2015) 44:863–868 867



Acknowledgments This work was supported by the Ministry of Sci-
ence and Technology Development of the Republic of Serbia under
project no. 43011.

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Glotzbecker MP, Kersun LS, Choi JK, Wills BP, Schaffer AA,
Dormans JP. Primary non-Hodgkin’s lymphoma of bone in children.
J Bone Joint Surg. 2006;88A:583–94.

2. Suryanarayan K, Shuster JJ, Donaldson SS, Hutchison RE, Murphy
SB, Link MP. Treatment of localized primary non-Hodgkin’s lym-
phoma of bone in children: a pediatric oncology group study. J Clin
Oncol. 1999;17:456–9.

3. Doll C, Wulff B, Rossler J, Schaper J, Havers W. Primary B-cell
lymphoma of bone in children. Eur J Pediatr. 2001;160:239–42.

4. Roca-Bielsa I, Vlajkovic M. Pediatric nuclear medicine and pediatric
radiology. Pediatr Radiol. 2013;43:391–2.

5. Medina-Gálvez N, Pedraz T. Nuclear Medicine in Musculoskeletal
Disorders: Clinical Approach. In: 12 Chapters on Nuclear Medicine.
Croatia: InTech Europe; 2011.

6. Costelloe CM, Chuang HH, Madewell JE. FDG PET/CT of primary
bone tumors. AJR. 2014;202:521–31.

7. Ulaner GA, Magnan H, Healey JH, Weber WA, Meyers PA. Is
methylene diphosphonate bone scan necessary for initial staging of
Ewing sarcoma if 18 F-FDG PET/CT Is Performed? AJR. 2014;202:
859–67.

8. Costelloe CM, Murphy WA, Chasen BA. Musculoskeletal pitfalls in
18 F-FDG PET/CT: pictorial review. AJR. 2009;193:1–13.

9. Mengiardi B, Honegger H, Hodler J, Exner UG, Csherhati MD,
Brühlmann W. Primary lymphoma of bone: MRI and CT character-
istics during and after successful treatment. AJR. 2005;184:185–92.

10. Franzius C, Sciuk J, Daldrup-Link H, Jürgens H, Schober O. FDG-
PET for detection of osseous metastases from malignant primary
bone tumours: comparison with bone scintigraphy. Eur J Nucl Med.
2000;27:1305–11.

11. Israel O, Mekel M, Bar-Shalom R, Epelbaum R, Hermony N,
Haim N, et al. Bone Lymphoma: 67 Ga scintigraphy and CT
for prediction of outcome after treatment. J Nucl Med.
2002;43:1295–303.

12. Krishnan A, Shirkhoda A, Tehranzadeh J, ArminAR, Irwin R, Les K.
Primary bone lymphoma: radiographic-MR imaging correlation.
RadioGraphics. 2003;23:1371–87.

13. Menon N, Madhok R. Symmetrical polyarthritis is not always rheu-
matoid. Ann Rheum Dis. 1994;53:631–2.

14. Lones MA, Perkins SL, Sposto R, Tedeschi N, Kadin ME,
Kjeldsberg CR, et al. Non-Hodgkin’s lymphoma arising in bone in
children and adolescents is associated with an excellent outcome: a
children’s cancer group report. J Clin Oncol. 2002;20:2293–301.

15. Zhang X, Chang CK, Song LX, Xu L, Wu LY, Li X. Primary
lymphoma of bone: a case report and review of the literature. Med
Oncol. 2011;28:202–6.

16. Newman EN, Jones RL, Hawkins DS. An evaluation of
[F-18]-fluorodeoxy-D-glucose positron emission tomography,
bone scan, and bone marrow aspiration/biopsy as staging
investigations in Ewing sarcoma. Pediatr Blood Cancer.
2013;60:1113–7.

17. Roca I, Barber I, Fontecha CG, Saldado F. Evaluation of bone
viability. Pediatr Radiol 2013; 393–405.

18. Palestro CJ, Torres MA. Radionuclide imaging of orthopedic infec-
tions. Semin Nucl Med. 1997;27:334–45.

19. Hicks DG, Gokan T, O’Keefe RJ, Totterman SM, Fultz PJ, Judkins
AR, et al. Primary lymphoma of bone. Correlation of magnetic
resonance imaging features with cytokine production by tumor cells.
Cancer. 1995;75(4):973–80.

20. Jones DN, McCowage GB, Sostman HD, Brizel DM, Layfield L,
Charles HC, et al. Coleman monitoring of neoadjuvant therapy
response of soft-tissue and musculoskeletal sarcoma using fluorine-
18-FDG PET. J Nucl Med. 1996;37:1438–144.

868 Skeletal Radiol (2015) 44:863–868


	Complementary...
	Abstract
	Introduction
	Case report
	Discussion
	Conclusion
	References


