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Introduction

Malignant lymphoma is a heterogeneous group of
diseases characterized by a malignant proliferation of
cells of the lymphoid system. The pattern and

frequency of bone marrow (BM) involvement of the
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two separate disorders, Hodgkin’s disease (HD) and
the more common non-Hodgkin’s lymphoma (NHL),
may vary depending on the cell type of lymphoma.
In patients with HD, marrow involvement is rather
rare at presentation, and could be seen in 5-32% of
patients over the course of the disease progression.
A histologic pattern of lymphocyte depletion or
mixed cell type may be more frequently associated
with marrow involvement at diagnosis. It can be
focal, multifocal, or diffuse infiltration and focal
lesions are more likely to be seen in the bone
marrow distant from the iliac crests.”™ With NHL, it

is found in about 50-80% of patients with low grade
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and 25-40% with high grade at diagnosis.) Compared
to low grade, high grade NHL seems to be more
often combined with focal marrow infiltration other
than the iliac crest.*®

Evaluation of bone marrow at presentation has a
great importance in staging and subsequently treating
the patients with malignant Iymphoma® It is, hence,
considered to have a prognostic value. It is also
necessary after chemotherapy to confirm complete
response in patients with initial marrow involvement
or suspected marrow disease. Of various modalities
for the detection of lymphomatous marrow
involvement, iliac crest biopsy has been served as
the standard diagnostic procedure. Tt reveals the
histology of marrow infiltration by lymphoma and
assesses the status of normal marrow precursors. In
spite of its advantage detecting even microscopic
disease, the sensitivity of marrow biopsy suffers
from sampling errors and the yield is closely related
to the sizes and numbers of the samples.” Accurate
staging of the patients with focal marrow
involvement other than the iliac crest can be easily
missed by iliac crest biopsy since it provides little
information on the marrow status outside the iliac
crest. F-18 Fluorodeoxyglucose (FDG) Positron
emission tomography (PET) is a whole body
imaging modality that has successfully detected
malignant diseases of various histologic types.
Although there is low level of a physiologiéal uptake
of FDG in the bone marrow, it is conceivable that
PET can differentiate lymphomatous marrow
involvement from normal marrow. This study was
undertaken to elucidate the potential role of FDG
PET in detecting marrow infiltration compared to
iliac crest biopsy in patients with lymphoma at

staging and follow-up.

Materials and Methods

We reviewed retrospectively medical records of

our hospital from June 2002 to March 2003 and
selected those patients who were diagnosed with
malignant lymphoma. The study population was
limited only to those patients with FDG PET study
for either staging or evaluation of treatment response
one or upto 2 months after a standard course of
chemotherapy. Seventy-three patients (30 females
and 43 males, a mean age of 47 years old, 4
Hodgkin’s disease, HD and 69 Non-Hodgkin’s
lymphoma, NHL) were finally included in this study.
Of the 69 patients with NHL, there were 17 low
grade NHL, 32 intermediate grade NHL, and 20
high grade NHL. FDG PET was performed for the
purpose of staging in 53 patients as well as for the
assessment of treatment response after the
completion of a standard course of chemotherapy in
20 of the 73 patients. Of the 20 patients, 9 were
known to have marrow disease at initial presentation,
Bilateral iliac crest biopsies were obtained within 4
weeks following FDG PET imaging from all
patients. Final conclusions regarding bone marrow
involvement were based on concordance between
BM biopsy and FDG PET. Among cases of
discordant results, it was considered positive for
marrow lymphoma if BM biopsy is positive. When
FDG PET is positive with a negative BM result,
other imaging or follow up imaging was used to
make a final conclusion.

FDG PET imaging was performed using a PET
scanner (GE advance, Milwaukee, WI) that acquires
data in 2-dimensional mode. The intrinsic spatial
resolution of the system is 5 mm (FWHM) in the
center of the FOV. All patients fasted for at least 4
hours and the serum glucose level was less than 140
mg/dl in all patients. The PET scanning was initiated
60 minutes after intravenous administration of 370
MBq of FDG. Sequential scans were acquired to
cover the neck, chest, abdomen, pelvis, and proximal
thighs. Transmission scans using Ge-68 point sources

were obtained after the completion of the emission
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scans, in order to correct for non-uniform attenuation
correction. The images were reconstructed using
ordered subset expectation maximization algorithm
(OSEM), an iterative reconstruction algorithm.

FDG PET images were qualitatively assessed on a
computer screen by two nuclear medicine physicians
blinded to other clinical or imaging information.
FDG uptake in the bone marrow was visually
evaluated with special caution. The scan was
considered negative for infiltration if FDG uptake in
the bone marrow was uniform without focally
increased uptake. Conversely, it was considered
positive if there was a focal lesion of increased FDG
uptake compared to the surrounding normal marrow.
Those who were on bone marrow stimulatory factors
at the time of FDG PET showed diffusely increased
FDG uptake in the bone marrow. Although it was
difficult to exclude the possibility of focal marrow
disease because of underlying increased marrow
FDG uptake, uniform distribution of FDG throughout
the marrow was read as negative and non-uniform
FDG uptake as positive for marrow involvement in
this study. The imaging analysis was based upon
considering the patient as a whole and not by
individual lesions, i.e. the study was assumed to be
positive if there was one or more marrow

"involvement detected and negative if there was none
noted. In cases of disagreement, a final decision was

made by consensus.

Results

There were 54 (74%) of the 73 patients in whom FDG
PET and iliac crest biopsy were concordant. In 47 of these
54 patients, both FDG and iliac crest biopsy were
concordantly negative whereas the remaining 7 patients at
staging, concordantly positive. In 4 of the 7 patients with
positive results, the location of marrow lesions on FDG
PET was not the iliac crest (Fig. 1).

Of 19 patients with discordant results between the two

Fig. 1. A 38-year-old female with low grade lymphoma.
A coronal view of FDG PET shows a focus of
increased uptake in the left humerus, not in the
fliac crest. However, iliac crest biopsy was
positive for lymphomatous marrow involvement.

studies, FDG PET of 6 patients accurately detected bone
marrow infiltration while iliac crest biopsy was negative.
For these 6 patients, there were 2 with mixed cellularity
HD, 2 with intermediate grade lymphoma, and 2 with
high grade lymphoma. The patterns of marrow
involvement were multifocal and extensive in 5 patients
and a focal uptake in the right proximal femur in 1 patient
(Fig. 2). However, in one of the 19 patients, iliac crest
was truly negative but FDG PET was falsely positive.
There was a focus of mildly increased FDG uptake in the
thoracic spine. An MRI of the spine was performed to
evaluate the lesion on PET and showed the absence of
marrow disecase. Meanwhile, iliac crest biopsy accurately
detected the presence of marrow infiltration in 12 of the
19 patients with discordant results. All the 12 patients had
NHL; 3 with low grade, 5 with intermediate grade, and
4 with high grade.
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Fig. 2. A 22-year-old male with mixed cellularity of HD.
A coronal view of FDG PET demonstrates
multifocal bone marrow involvement in the
T-spine, L3, and the regions of both sacroiliac
joints. lliac crest biopsy failed to reveal marrow
infiltration in this patient.

When the patient population was divided into two
groups, one group at staging (n=53) and the other
group for the evaluation of treatment response after
chemotherapy (n=20), the results of the individual
modality in assessing marrow lymphoma are shown
on Table 1. Among 53 patients at staging, there
were 20 patients with marrow disease. Both PET and
BM biopsy detected marrow disease in 7 patients
while marrow infiltration only on PET in 5 patients
and only on BM biopsy in 8 patients. No abnormal
FDG uptake of the iliac crest was noted in 2 of the
5 patients with marrow lymphoma on PET. There
was increased uptake of the iliac crest in the
remaining 3 patients which could have been detected
on BM biopsy. Of 20 patients who were evalﬁated
for treatment response, 11 had had no marrow

disease at staging and developed no matrow

lymphoma after the end of treatment as well. Of the
9 patients with initial marrow disease, there were 5
patients with residual marrow disease. In all but one
patient, residual marrow disease were found only by
iliac crest biopsy.

All 3 patients whose PET scans showed diffusely
and uniformly increased FDG uptake throughout the
skeleton were on colony stimulatory factors to
support marrow suppression by chemotherapy.
Although their PET scans were interpreted as
negative because of the uniform FDG uptake in the
marrow, a residual marrow disease were revealed by
iliac crest biopsy in one of the 3 patients. This
validates the delay of PET scan in patients who were
recently on growth factor to minimize the possibility

of missing residual disease in the matrow.

Discussion

Random bone marrow biopsy of the iliac crest is
prone to sampling error, and a negaﬁve biopsy does
not exclude tumor involvement especially in the
presence of positive findings on other imaging.4’6’8’9)
Various imaging modalities have been used as an
adjunct to blind biopsy for the complete assessment
of the bone marrow outside the iliac crest.

Although Tc-99m bone scintigraphy has been used
to evaluate bone involvement of malignant
lymphoma, it has a limited value for the detection of
infiltrative marrow disease.'” Bone marrow scan
with  antigranulocyte monoclonal antibody has
improved the sensitivity and diagnostic accuracy of
bone marrow scan for the assessment of marrow
involvement.'>” When the diagnostic accuracy of
bone marrow scan with monoclonal antibody and
MRI was compared to that of iliac crest biopsy in
32 patients with malignant lymphoma, a low
sensitivity of blind iliac crest biopsies was shown to
identify marrow infiltration in high grade NHL and
HD.) Both imaging techniques demonstrated a high
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rate of detection of marrow infiltration in patients
with negative biopsies. The sensitivity of bone
marrow scan with monoclonal antibody for the
detection of lymphomatous marrow was comparable
to that of MRI. Although MRI using special pulse
sequences such as STIR can offer a high tissue
contrast to detect marrow infiltration, evaluation of
the whole marrow by MR imaging may not be
clinically practical at this point.

FDG PET imaging has gained popularity in the
staging of patients with malignant lymphoma. Many
previous studies have shown the value of FDG PET
in evaluating not only nodal disease, but also
extranodal involvement of Ilymphoma such as
hepatic, splenic, or bone marrow infiltration."*'” It
has been proposed as a new approach for the
evaluation of almost entire bone marrow in patients
with malignant lymphoma.*'*"® The FDG PET and
unilateral iliac crest biopsies were compared in 50
lymphoma patients and agreed in 39 patients (78%),
being concordant positive in 13 and concordant

negative in 26 patients."

The study suggested a
potential of FDG PET to reduce the need for staging
marrow biopsy. In another prospective study of 78
patients with untreated lymphoma, FDG PET
provided additional information in some patients
with high grade NHL and HD.” Complimentary
results of both FDG PET and bone marrow biopsy
were found in the group of patients with lower grade
NHL. False negative findings on FDG PET occurred
in patients with a low density of marrow infiltration
or involvement by some low grade NHL with low or
absent FDG uptake in their primary disease.*"
Despite these results, the role of FDG PET is yet
controversial in evaluating lymphomatous marrow
and needs to be further validated."**® FDG PET may
be of limited value in patients who have cytokine
induced diffusely increased bone marrow uptake
simulating diffuse marrow infiltration or masking

21,22)

focal marrow involvement. We also missed

residual marrow lymphoma in one of the 3 patients
who were on colony stimulatory drug on FDG PET.
Therefore, it should be postponed to perform a FDG
PET scan in these patients and BM biopsy could be
done instead. Moreover, a recent report documented
less promising results regarding the role of FDG
PET in evaluating marrow disease in patients with
lymphoma.) FDG PET showed the higher overall
negative predictive value than the positive predictive
value (83.8% vs 660.6%) in detecting marrow
involvement of lymphoma. Another disadvantage of
FDG PET would be the absence of information on
the status of normal marrow precursors. Finally, it
could not provide information on discordant marrow
lymphoma that has a different histology from nodal
lymphoma.

In this study, there were 20 patients with marrow
involvement at staging. Both PET and BM biopsy detected
marrow disease in 7 patients while only PET or BM
biopsy detected infiltration in 5 and 8§ patients,
respectively. FDG PET seems to be useful in detecting
additional marrow infiltration that may not be revealed by
iliac crest marrow biopsy alone. In these patients, it can
also guide the location to be histologically evaluated.
However, it is difficult to replace the need for staging BM
biopsy based on our results. Blind BM biopsy should be
still performed in patients whose PET scans revealed no
evidence of marrow involvement of lymphoma. Only with
those cases showing involvement of lymph nodes above
and below the diaphragm and multiple marrow discases on
FDG PET, the rationale for blind BM biopsy can be
reevaluated in term of affecting further treatment plans or
giving prognostic significance. Overall, FDG PET may
play a complimentary role to biopsy in the evaluation of
marrow lymphoma at staging and can be done before BM
biopsy to guide it.

Marrow biopsy appears to be more sensitive to detect
microscopic residual disease than FDG PET in the
assessment of therapeutic responsiveness of marrow

lymphoma. Among 5 patients with residual marrow
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disease, 4 could be revealed only by BM biopsy in this
study. The role of FDG PET for residual lymphoma was
less clear than that for staging. At present, follow-up BM
biopsy appears to be mandatory for the exclusion of
residual marrow disease in those patients with initial

marrow involvement.

Sunnary

PURPOSE: To assess the ability of FDG PET for the
detection of bone marrow infiltration compared fo iliac crest
biopsy in patients with lymphoma. MATERIALS AND
METHODS: Seventy-three patients (30 females and 43
males, mean age of 47 years old) with malignant lymphoma
(4 Hodgkin’s disease, HD and 69 Non-Hodgkin’s
lymphoma, NHL) were included. FDG PET was performed
for staging in 53 patients and to assess treatment response
after the completion of chemotherapy in 20 patients. Final
conclusions were based on biopsy, other imaging studies, or
clinical follow-up. RESULTS : There were 54 (74%) of the
73 patients in whom FDG PET and iliac crest biopsy were
concordant. Forty-seven of the 54 patients showed
concordant negative results while the remaining 7 patients
had concordant positive results. Of 19 patients with
discordant results, FDG PET accurately detected bone
marrow infiltration in 6 patients with negative iliac crest
biopsy. On the contrary, iliac crest biopsy identified bone
marrow infiltration in 12 of the 19 patients. In remaining
one of the 19 patients with discordant results, iliac crest
biopsy was true negative but FDG PET was falsely positive.
CONCLUSION : FDG PET seems to be an adjunct in
detecting marrow infiltration that may not be revealed by
iliac crest biopsy at staging. For the assessment of treatment
response, it may be less helpful than biopsy in detecting
microscopic residual disease in the bone marrow.

References

Munker R, Hasenclever D, Brosteanu O, Hiller E,

Diehl V. Bone marrow involvement in Hodgkin’s

disease: an analysis of 135 consecutive cases.
German Hodgkin’s Lymphoma Study Group. J Clin
Oncol 1995;13:403-9.

Rubin E, Farber JL. Pathology. Philadelphia, PA:
Lipinkott, 1988.

Hoane BR, Shields AF, Porter BA, Shulman HM.
Detection of lymphomatous bone marrow involvement with
magnetic resonance imaging. Blood 1991;78:728-38.

Knowles DM. Neoplastic
Baltimore: Williams & Wilkins, 1992.

Altehoefer C, Blum U, Bathmann J, Wustenberg
C, Uhrmeister P, Laubenberger J, et al. Comparative

hematopathology.

diagnostic accuracy of magnetic resonance imaging
and immunoscintigraphy for detection of bone
marrow involvement in patients with malignant
lymphoma. J Clin Oncol 1997;15:1754-60.

Cheson BD, Homing SJ, Coiffier B, Shipp MA, Fisher
RI, Connors JM, et al. Report of an international
workshop to  standardize response criteria  for
non-Hodgkin’s lymphomas. NCI Sponsored International
Working Group. J Clin Oncol 1999; 17:1244-53.

Moog F, Bangerter M, Kotzerke J, Guhlmann A,
Frickhofen N, Reske SN. 18-F-fluorodeoxyglucose-positron
emission tomography as a new approach to detect
lymphomatous bone marrow. J Clin Oncol 1998;16:603-9.

Linden A, Zankovich R, Theissen P, Diehl V,
Schicha H. Malignant lymphoma: bone marrow
imaging versus biopsy. Radiology 1989;173:335-9.

Moog F, Kotzerke J and Reske S. FDG PET can
replace bone scintigraphy in primary staging of
malignant lymphoma. J Nucl Med 1999;40:1407-13.

Reske S, Karstens J, Glockner W, Steinstrasser A,
Schwarz A, Ammon J, et al. Radioimmumoimaging for
diagnosis of bone marrow involvement in breast cancer and
malignant lymphoma. Lancet 1989;335:299-301.

Reske S. Recent advances in bone marrow
scanning. Eur J Nucl Med 1991;18:203-21.

Munz D, Sandrock D and Rilinger N. Comparison
of immunoscintigraphy and colloid scintigraphy of
bone marrow. Lancet 1990;336:258-9.



Yun MJ, et al. Detection of Lymphomatous Marrow Infiltration using F-18 FDG PET at Initial Staging and after chemotherapy 177

Moog F, Bangerter M, Diederichs C, Guhlmann
A, Merkle E, Frickhofen N, et al. Extranodal
malignant lymphoma: detection with FDG PET
versus CT. Radiology 1998;206:475-81.

Carr R, Barrington SF, Madan B, O’Doherty MJ,
Saunders CA, van der Walt J, et al. Detection of
lymphoma in bone marrow by whole-body positron
emission tomography. Blood 1998;91:3340-6.

Jerusalem G, Beguin Y, Fassotte M, Najjar F, Paulus P,
Rigo P, et al. Whole-body positron emission tomography
using 18F-fluorodeoxyglucose compared to standard
procedures for staging patients with Hodgkin’s disease.
Haematologica 2001;86:266-73.

Buchmann I, Reinhardt M, Elsner K, Bunjes D, Altehoefer
C, Finke J, et al. 2-(fluorine-18) fluoro-2-deoxy-D-glucose
positron emission tomography in the detection and staging of
malignant  lymphoma. A bicenter trial.  Cancer
2001;91:889-99.

Najjar F, Hustinx R, Jerusalem G, Fillet G, Rigo

P. Positron emission tomography (PET) for staging

low-grade non-Hodgkin’s lymphomas (NHL). Cancer
Biother Radiopharm 2001;16:297-304.

Jerusalem G, Beguin Y, Najjar F, Hustinx R,
Fassotte MF, Rigo P, et al. Positron emission
tomography (PET) with 18F-fluorodeoxyglucose
(18F-FDG) for the staging of low-grade non-Hodgkin’s
lymphoma (NHL). Ann Oncol 2001;12:825-30.

Kostakoglu L and Goldsmith S. Fluorine-18
fluorodeoxyglucose positron emission tomography in
the staging and follow-up of lymphoma: is it time to
shift gears? Eur J Nucl Med 2000;27:1564-78.

Hollinger E, Alibazoglu H, Ali A, Green A,
Lamonica G. Hematopoietic cytokine-mediated FDG
uptake simulates the appearance of diffuse metastatic
disease on whole-body PET imaging. Clin Nucl Med
1998;23:93-8.

Yao WJ, Hoh CK, Hawkins RA, Glaspy JA, Weil
JA, Lee SJ, et al. Quantitative PET imaging of bone
marrow glucose metabolic response to hematopoietic
cytokines. J Nucl Med 1995;36:794-9.



