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F-FDG super bone marrow uptake
A highly potent indicator for the malignant infiltration
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Abstract
The present study was performed to investigate whether the markedly 2-deoxy-2-(fluorine-18) fluoro-D-glucose (18F-FDG) uptake in
the bone marrow (BM) is a presentation of malignant infiltration (MI).
Super bone marrow uptake (super BMU) was used to name the markedly 18F-FDG uptake on BM, which was similar to or higher

than that of the brain. From April 2008 to December 2015, 31 patients with such presentation were retrospectively reviewed. The 18F-
FDG uptake was semiquantified using SUVmax and BM to cerebellum (BM/C) ratio. The origin of super BMU was diagnosed by
pathology. Some blood parameters, as well as fever, were also collected and analyzed. For comparison, 106 patients with mildly and
moderately uptake in BM and 20 healthy subjects were selected as the control group.
Bone marrow MI was diagnosed in 93.5% (29/31) patients with super BMU, which mostly originated from acute leukemia and

highly aggressive lymphoma. The super BMU group had markedly higher 18F-FDG uptake in the BM than those of mildly and
moderately uptake, and the control subjects (all P=0.000) and the BM/C ratio reached a high of 1.24±0.36. The incidence of bone
marrow MI in the super BMU group was markedly higher than that of mildly and moderately uptake (93.5% vs 36.8%, P=0.000).
Based on the receiver operating characteristic analysis, when cut-off values of BM/C and SUVmax were set at 0.835 and 6.560, the
diagnostic specificity for bonemarrowMI reached the high levels of 91.4% and 95.7%, respectively. In 15 patients with bone marrow
MI, the extra-BM malignant lesions were simultaneously detected by 18F-FDG PET/CT. The liver and the nasal cavity involvements
were only found in the patients with lymphoma, but not in those with leukemia. A decrease of leukocyte, hemoglobin, and platelet
counts was noted in 48.4%, 86.2%, and 51.5% of patients with bone marrow MI, respectively.
The present study revealed that super BMU was a highly potent indicator for the bone marrow MI.

Abbreviations: BM/C = bone marrow/cerebellum ratio, LDH = lactate dehydrogenase, MI = malignant infiltration, PET/CT =
positron emission tomography/computed tomography, PLT = platelate, SBMU = super bone marrow uptake, SUVmax =maximum
standardized uptake value.
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1. Introduction

Positron emission tomography/computed tomography using
2-deoxy-2-(fluorine-18) fluoro-D-glucose (18F-FDG) has become
a standard diagnostic modality for the diagnosis, staging,
treatment response assessment, and recurrence detection of
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malignant diseases. F-FDG is a glucose analog, which can
be trapped in the tumor cells through the glycolysis pathway due
to the Warburg effect in the malignant cells and reflects the
increased level of glucose consumption. The malignant lesions
often have the high level of 18F-FDG uptake because of increased
expression of glucose transporters, particularly GLUT-1 and
GLUT-3, as well as hexokinase in these cells.[6–9] However, 18F-
FDG is not a tumor-specific substance, which also can accumulate
in a variety of benign and physiologic conditions and may lead to
false-positive interpretation. In general, 18F-FDG uptake in the
benign disease and physiologic conditions was low.[10–12]

Diffuse 18F-FDG bone marrow uptake (BMU) is often
encountered in the PET/CT routine practice. This phenomenon
is always observed in the patients with the malignancy, the
unknown origin fever, infection and those treated with the
granulocyte colony-stimulating factor (GCSF) or erythropoietin
(EPO).[13–20] In most cases, the diffuse BMU was slight and
moderate which often presented as an uptake level corresponding
to or slightly higher than that in the liver. In these situations, it
was reported to be difficult to determine whether it is caused by
malignant BMI or bone marrow inflammatory.[21,22]

However, in the clinical practice, we could occasionally find
some patients presented with the markedly increased uptake of
18F-FDG in the BM, similar to or super to that of the brain and
significantly higher than that of the liver. In the present study, we
named it “super BMU,”mimicking the “super scan” on the bone
scintigraphy, which was used to define the strikingly increased
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uptake of Tc-methylene diphosphonate in the bone. It is
well known that the uptake of 18F-FDG in the healthy brain is
very intense, which is much higher than that in the normal
BM.[1–5,15,16] Therefore, the super BMU reflects an unusually
high 18F-FDG uptake in the BM. Until now, to our knowledge,
this sign has not previously been described, and it is not clear
whether the super BMU represents a PET presentation of
malignant BMI. Therefore, this retrospective study was
performed to investigate its origin and the clinical significance.
18
2. Patients and methods

2.1. Patients

The Ethical Committee of our Institutional Review Board of
Nanfang Hospital, Southern Medical University has approved
the study. As a result of the retrospective nature of the survey, the
requirements for informed consent were waived.
Thirty-one patients with super BMU were selected from a

retrospective review of the PET center database between April
2008 and December 2015 (20 males, 11 females; age [x2±SD],
35.7±23.3 years; range, 8–71 years) at Nanfang Hospital,
Southern Medical University. The patients were referred for 18F-
FDG PET/CT due to the unknown origin of fever in 12 patients,
pain in the chest and bone in 8 patients, enlarged lymph nodes in
the neck and the abdominal cavity in 4 patients, and dizzy and
feeble accompanied with the unknown caused by decrease
peripheral blood cells in 7 patients. All the patients had not the
definite diagnosis before the examination of 18F-FDG PET/CT.
They had also not received any treatments against themalignancy
or infections or receiving any treatments with GCSF or EPO. The
final diagnosis of the disease was established by the pathology.
The bone marrow biopsy (BMB) was performed to identify the
origin of super BMU.
For comparison and the receiver operating characteristic

(ROC) analysis, 106 patients (age [x2±SD], 39.0±17.8 years,
range: 9–79 years, 64 females, 42 males) with mildly and
moderately 18F-FDG uptake in bone marrowwere also randomly
collected. These patients included 61 patients with primary
malignant diseases (33 lymphoma, 25 leukemia, 2 multiple
myeloma, and 1 lung cancer) and 45 ones with benign diseases
(8 necrotic lymphadenitis, 6 Crohn diseases, 5 ulcerative colitis,
5 adult still disease, 5 myelodysplastic syndromes, 5 active
tuberculosis, 3 bacterial infection, 2 lung fungal infection, 2 virus
infection, 2 myelofibrosis, 1 autoimmune pancreatitis, and 1
acute hemolytic anemia). In the present study, the patients with
mildly and moderately bone marrow uptake were merged
together as 1 group for analysis. None of these patients received
treatment with GCSF or EPO, neither antineoplastic, anti-
infectious nor other specific treatments. The diagnosis of the
primary disease among these patients was established by the
pathology, experimental treatment response, and other etiologic
examinations. All the patients, who had the primary malignant
disease, received BMB for further identifying the cause of bone
marrow uptake.
Twenty normal subjects (11 males, 9 females; age [x2±SD],

52.0±5.8 years; range, 42–63 years) were selected as the normal
control group. These subjects underwent 18F-FDG PET/CT to
exclude the malignancy due to the slightly increased level of
tumor marker of carcinoembryonic antigen, CA199, or CA247.
The results of 18F-FDG PET/CT were negative, and no
malignancy was found in these subjects after a 1-year long
following-up.
2

None of the patients and the control subjects had diabetes
mellitus. The results of the recent experiment examinations
including peripheral blood cells (white blood cell [WBC],
hemoglobin [HB] and platelet [PLT] count, and serum C-reactive
protein [CRP] and lactate dehydrogenase [LDH]) were collected
from the PACS data system/electronic medical recorded system.
The time interval between the peripheral sampling for blood cells
examination and the PET/CT scan was not more than 2 days. The
body temperature in the axilla of the patients was checked and
recorded on the day when PET/CT scan was performed.
2.2. F-FDG PET/CT examination

The patients and normal control subjects underwent 18F-FDG
PET/CT scans using GE Discovery LS PET/CT scanner (GE
Healthcare, Waukesha, WI) and Biograph mCTx scanner
(Siemens, Erlangen, Germany). The patients and the control
subjects were instructed to fast for at least 6hours, and the blood
glucose level was monitored by glucometer prior to 18F-FDG
injection. All the blood glucose level of the patients and the
control subjects were lower than 7.0 mmol/L. 18F-FDG was
manufactured automatically using the tracer synthesis system of a
Tracerlab FXF-N(GE Healthcare) and the radiochemical purity
was greater than 95%. Approximately 60minutes after the
intravenous injection of 161 to 465MBq (4.35–12.56mCi, 150m
Ci/kg) of 18F FDG, whole-body PET/CT was performed.
Image acquisition using whole-body 18F-FDG PET/CT includ-

ed 6 to 8 bed positions for each unenhanced contrast CT and PET
scan, covering the entire range from the vertex of the skull to the
mid thigh. Each CT scan was performed with a scout view using
30mA and 80kVp, followed by a spiral CT scan with 80mA,
140 kVp, 0.8-second rotation time, a 5-mm section thickness
(Discovery LS) or 80mA, 120kVp, 1.0-second rotation time, a
3-mm section thickness (Biograph mCTx), in high-speed mode.
After CT had been completed, PET scan was then acquired in
the 2-dimensional acquisition mode at 3 to 4minutes per bed
position (Discovery LS) and in the 3-dimensional acquisition
mode at 2minutes per bed position (BiographmCTx).
The PET images were reconstructed using a standard iterative

algorithm (ordered-subset expectation maximization), with the
CT data used for attenuation correction.
2.3. Image analysis

The acquired PET and CT images were sent to the Xeleris
workstation (GEHealthcare) and SyngoMI workplace (Siemens,
Germany) for registration and fusion. PET/CT scans were
reviewed separately by 2 experienced nuclear medicine physi-
cians. Both 18F-FDG uptake in bone marrow and extra-BM
organs on PET images and themorphologic change on CT images
were assessed visually. Consensus resolved any primary differ-
ence of opinion. The uptake of 18F-FDG in the bone marrow
was determined to be normal when it was lower than or
corresponding to that in the liver (Fig. 1). Mild uptake and
moderate uptake were defined by comparing the 18F-FDG uptake
in BM with that in the liver and brain (mildly uptake: slightly
higher than that in the liver; moderately uptake: much higher
than that in the liver but lower than that in the brain) (Fig. 1). If
the diffuse uptake of 18F-FDG in the BM was markedly high and
similar to or superior to that of the brain, then it was considered
to be super BMU (Fig. 1). A lesion in the extra-BM organs, which
had 18F-FDG uptake exceeding that of the surrounding normal
tissue was considered positive.



Figure 1. The MIP images of the normal uptake in BM (A), mildly uptake (B), moderately uptake (C), and a leukemia patient with super BMU (D). A, Normal uptake:
18F-FDG uptake in the normal BM is minimal, which was lower or corresponding to that in the liver. B, Mildly uptake: 18F-FDG uptake in BM was slightly higher than
that in the liver. C, Moderately uptake: 18F-FDG uptake in BM was significantly higher than that in the liver, but lower than that in the brain. D, Super BMU: 18F-FDG
uptake in the BM was markedly high, which was similar to that in the brain. 18F-FDG = fluorine-18 fluoro-D-glucose, BM = bone marrow, BMU = bone marrow
uptake, MIP = maximum intensity projection.

Table 1

The pathology of the patients with super bone marrow uptake
(n=31).
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A region of interest (ROI) with a circular 3� 3 pixel was placed
in the iliac crest bone on the transverse PET image to calculate the
maximal SUV (SUVmax) for the BM. For determination of
uptake in normal brain tissue, the same 3 � 3 pixel ROI was
placed on the normal cerebellum. The bone marrow to
cerebellum (BM/C) ratio was calculated by dividing the SUVmax
of BM by that of the normal cerebellum. For calculation of the
SUVmax for the extra-BM lesion, the ROIs were drawn along the
margin of lesions, but not used the circular 3 � 3 pixels ROI.
Type Diagnosis n %

Lymphoma 14 45.2
T-cell lymphoma 3
NK/T cell lymphoma 3 35.5
Diffuse large-B-cell lymphoma 3
Burkitt lymphoma 1 9.7
EB-related lymphoma 1 3.2
Lymphatic plasma cells lymphoma
with CD56\CD7

1 6.4

B cell proliferative lymphoma 1
Nodular sclerosis Hodgkin lymphoma 1

Leukemia 11
2.4. Statistical analysis

Statistical analyses were executed using Statistical Package for
the Social Sciences version 17.0. (SPSS Inc, Chicago, IL). The
SUVmax, BM/C ratio, WBC count, HB, PLT, LDH, and CRP
were expressed as the mean± standard deviation. The Student
t test was used to compare the difference between 2 groups and
1-way ANOVA for themultiple groups. The rates were compared
using the crosstabs x2 test. The ROC curve analysis was
performed for determining the cut-off value for diagnosis. A
P value of less than 0.05 was considered statistically significant.
ALL 6
AML 2
Invasive NK cell leukemia 1
Acute B lymphoblastic cell leukemia 1
Acute mixed cell leukemia 1

Multiple myeloma 3
Bone metastases
benign disease

Metastatic neuroendocrine tumor 1

Adult Still disease 2
Severe infection

ALL= acute lymphoblastic leukemia, AML=acute myeloid leukemia.
3. Results

3.1. The causes of super BMU

Of 31 patients, the super BMUwas confirmed to be caused by the
bone marrow MI in 29 (93.5%) ones. The malignant diseases
were diagnosed to be 14 lymphomas, 11 leukemia, 3 multiple
myelomas, and 1 bone metastasis (Table 1). Among them, nearly
all (96.5% [28/29]) of malignant diseases were the hematopoietic
malignancies, particularly the lymphoma (45.2%) and leukemia
(35.5%) (Table 1). All the leukemia were acute ones, and most of
3

the lymphomas (71.4%) were the high aggressive ones, such as
T-cell lymphoma, NK/T-cell lymphoma, diffuse large-B-cell
lymphoma, and Burkitt lymphoma (Table 1). Infectious BM
changes were identified by the BMB in the remaining 2 patients.
The primary diseases in both patients were the adult Still disease

http://www.md-journal.com


Table 2

SUVmax and BM/C of BM in the patientswith abnormal uptake and
normal subjects.

Groups n SUVmax BM/C
18F-FDG uptake F=192.524,

P=0.000
F=155.098,
P=0.000

Super uptake 31 11.30±3.95 1.24±0.36
Mildly and moderately

uptake
106 3.37±1.30 0.46±0.21

Normal subject 20 2.43±0.51 0.23±0.02
Nature of BM t=5.679, P=0.000 t=4.635,P=0.000
Malignant 68 6.979±4.86 0.79±0.47
Benign 69 3.44±1.54 0.49±0.25

Disease of MI in
super uptake

t=0.847, P=0.406 t=�0.074, P=0.000

Lymphoma 14 12.32±4.21 1.25±0.35
Leukemia 11 10.90±4.25 1.26±0.40

18F-FDG= fluorine-18 fluoro-D-glucose, BM=bone marrow, BM/C=bone marrow/cerebellum, MI=
malignant infiltration, SUVmax=maximum standardized uptake value.

Table 3

The specificity and sensitivity of BM/C and SUVmax for diagnosis
of bone marrow MI.

Index
Cut-off
value

Diagnostic
specificity (%)

Diagnostic
sensitivity (%)

BM/C 0.835 91.4 41.8
SUVmax 6.560 95.7 43.3

BM/C=bone marrow/cerebellum, SUVmax=maximum standardized uptake value.
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and the severe infections of G bacillus and Candida albicans
(Table 1).
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3.2. The findings of F-FDG PET/CT in the patients with
super BMU

In 31 patients with super BMU, the 18F-FDG uptake in the bone
marrow was markedly higher (Figs. 1–4), which was found to be
superior to that of the cerebellum in 24 patients and slightly lower
in 7 patients. It was approximately 5 to 6 times higher than that in
the control subjects (Fig. 1 and Table 2). The BM/C ratios of
super BMU patients reached a high level of 1.24±0.36. When
Figure 2. The MIP images of patient with NK/T Lymphoma (A) and leukemia
(B). A, 18F-FDG uptake in the BM was markedly increased, which was higher
than that in the brain with SUVmax 11.05 and BM/C ratios 1.23. The patient
also had the decrease in-the-blood hemogram (WBC, 1.10� 106; HB, 6.0g/d;
PLT, 19 � 106). B, 18F-FDG uptake in the BM was markedly increased, which
was similar to the brain with SUVmax 10.0 and BM/C ratios 1.02. The
peripheral WBC count was increased (140.6 � 106), while the HB and PLT
were decreased (HB, 13 1g/dL; PLT, 114� 106). 18F-FDG=fluorine-18 fluoro-
D-glucose, BM=bone marrow, BM/C = bone marrow/cerebellum ratio, HB=
hemoglobin, PLT = platelate, SUVmax =maximum standardized uptake value,
WBC=white blood cell.

4

compared with the normal control group and mildly and
moderately uptake group, both SUVmax in the BM and BM/C
ratios showed significantly higher (all P<0.001) (Table 2 and
Fig. 1). There was no significant difference in 18F-FDG uptake in
the BM between the lymphoma and leukemia, neither the
SUVmax (P=0.406) nor the BM/C ratios (P=0.942) (Table 3
and Fig. 2). The density of bone marrow was noted to be normal
in nearly all of the patients except 2 patients with MM. In both
MM patients, a considerable amount of osteolytic lesions was
found in the BM on the images of CT.
Extra-BM malignant lesions were found in 15 patients with
bone marrow MI, including 10 lymphomas and 5 leukemia. The
lesions involved the spleen, lymph node, liver, nasal cavity, lung,
parotid gland, pancreas, adrenal gland, kidney, and tonsil in 10,
7, 6, 5, 4, 2, 1, 1, 1, and 1 patients respectively. 18F-FDG uptake
in the extra-BM malignant lesions was also very intense and the
18F-FDG uptake in the intro- and extra- bone marrow malignant
lesions showed no significant difference (SUVmax, 11.3±3.95 vs
10.3±5.64, t=0.862, P=0.391).
The extra-BM involvements showed some differences between

leukemia and lymphoma. More extra-BM organs were found to
be involved by lymphoma, including the spleen, lymph node,
liver, nasal cavity, lung, parotid gland, pancreas, adrenal gland,
and tonsil. However, only the spleen, lymph node, and kidney
were involved by leukemia. The liver and the nasal cavity
involvements were only seen in the patients with lymphoma, but
not leukemia. There were significant differences of liver and nasal
cavity involvements between the lymphoma and leukemia groups
(6/14 vs 0/11, P=0.020; 5/14 vs 0/11, P=0.046) (Figs. 3, 4).

3.3. Super BMU as an indicator for diagnosis of bone
marrow MI

To determine whether the super BMU had a high specificity for
diagnosis of bone marrow MI, 106 patients with mildly and
moderately uptake of 18F-FDG in BM were also collected for
analysis, which included 61 patients with primary malignant
diseases and 45 ones with benign diseases. Of 61 patients with
malignant diseases, 39 were finally confirmed to have bone
marrow MI by BMB, including 12 lymphomas, 25 leukemias,
and 2 multiple myelomas. Therefore, of the total 137 patients
with abnormal bone marrow uptake, 68 were diagnosed to have
bone marrow MI, including 29 ones of Super BMU and 39 ones
of mild and moderate uptake groups, while other 69 patients had
benign BM. The SUVmax and BM/C of the bone marrow MI
were found to be significantly higher than those of benign ones
(all P<0.000, Table 2).
Among patients with abnormal bone marrow uptake, the

incidence of MI in super BMU group showed significantly higher
than that of mildly andmoderately uptake (93.5% vs 36.8%, P=
0.000, Fisher exact test). TwoROC curves of BM/C and SUVmax
(Fig. 5A and B) were plotted to analyze the diagnostic efficiency
for bone marrowMI in the patients with abnormal BM 18F-FDG



Figure 4. The images of a patient with lymphoma. A, The MIP image of super
BMU with SUVmax 11.05. The CT image (B) and PET/CT fused image (C)
showed the nasal cavity involvement (arrow) with an intense 18F-FDG uptake
(SUVmax 10.6). 18F-FDG=fluorine-18 fluoro-D-glucose, BMU=bone marrow
uptake, CT= computed tomography, PET/CT= positron emission tomography/
computed tomography, SUVmax = maximum standardized uptake value.

Figure 3. The images of a patient with lymphoma. A, The MIP image of super
BMU with SUVmax 16.6. PET image (B) and PET/CT fused image (C) showed
18F-FDG uptake was intense in the liver and spleen involvements with SUVmax
of 13.7 and 10.2, respectively. 18F-FDG=fluorine-18 fluoro-D-glucose, BMU=
bone marrow uptake, PET/CT = positron emission tomography/computed
tomography, SUVmax = maximum standardized uptake value.
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uptake. From the curves, when cut-off values of BM/C and
SUVmax were settled at 0.835 and 6.560, the diagnostic
specificities reached the high level of 91.4% and 95.7%,
respectively, although the sensitivities were low (41.8% and
43.3%, respectively) (Table 3).

3.4. The findings of blood parameters and body
temperature in the patients with super BMU

In the patients with super BMU caused byMI, decreases of WBC,
HB, and PLT counts were found in 48.4%, 86.2%, and 51.5% of
patients, which included 71.4%, 78.6%, 64.3% decrease in
lymphoma patients and 45.4%, 90.9%, 45.4% decrease in
leukemia patients. An increase of WBC count was found in
22.6% patients including 36.4% (4/11) leukemia, 1 MM, and 2
benign diseases. In the super BMU group, an increase of LDH and
Figure 5. The ROC curve of BM/C (A) and SUVmax (B) for diagnosis of bone marro
receiver operating characteristic, SUVmax = maximum standardized uptake valu

5

CRP was found in 70.9% patients (68.9% of malignant BMI and
2/2 benign disease) and 83.8% patients (82.7% of malignant
BMI and 2/2 benign disease), respectively. When compared with
the normal subjects, both of the super BMU and mildly and
moderately uptake groups showed significantly lower HB and
PLT counts and significantly higher LDH, and CRP (all P<
0.001) (Table 4), especially the super BMU. However, no
significant difference was found in the WBC count between 3
groups (P=0.432) (Table 4). Lower levels of HB and PLT were
also found in the patients with bone marrow MI, compared with
that of benign BM uptake (all P<0.01) (Table 4). On the other
hand, no significant differences of LDH and CRP were observed
between the malignant and benign bone marrow (all P>0.05)
(Table 4), neither WBC (P>0.05) (Table 4).
wMI. BM/C = bonemarrow/cerebellum ratio, MI =malignant infiltration, ROC =
e.
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Table 4

The blood parameters in the patients with different level 18F-FDG uptake in BM and different nature of BM.

Groups WBC HB PLT LDH CRP
18F-FDG uptake P=0.432 P=0.000 P=0.003 P=0.006 P=0.000
Super uptake 13.0±27.6 82.2±26.6 101.4±103.0 946.1±848.4 68.4±61.2
Mildly and moderately uptake 10.6±17.1 95.9±28.0 182.3±143.3 553.0±889.6 49.7±54.4
Normal subject 6.1±1.7 132.3±12.8 210.6±59.7 194.8±49.2 2.8±1.4

Nature of BM P=0.296 P=0.001 P=0.004 P=0.941 P=0.558
Malignant 13.1±27.5 84.9±27.6 128.8±112.1 649.6±838.4 57.6±54.7
Benign 9.4±7.4 100.6±26.8 196.9±154.1 661.6±967.4 51.6±59.0

18F-FDG= fluorine-18 fluoro-D-glucose, BM=bone marrow, CRP=C-reactive protein, HB=hemoglobin, LDH= lactate dehydrogenase, PLT=platelet, WBC=white blood cell.
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The levels of HB, PLT, LDH, CRP, and the fever incidence
were not significantly different between the patients with
lymphoma and those with leukemia (all P>0.05) (Table 5).
However, the increase of WBC counts was only seen in the
patients with leukemia, but none in lymphoma (P=0.026)
(Table 5).
4. Discussion

“Super Scan” is a name, which was used to definite a
phenomenon of strikingly increased uptake of 99mTc-methylene
diphosphonate in the bone on the bone scintigraphy with
diminished soft tissue activity, faint right kidney visualization,
and bladder activity.[23] This phenomenon was described mostly
in the diffuse bone metastases and sometimes in the discrete
endocrine entities.[25,26] In the present study, we used the similar
name of “super BMU” to define a similar status of markedly
increased uptake of 18F-FDG in the BM on the PET/CT. To
intuitively reflect the increased uptake level, we used the brain as
the reference because the uptake of 18F-FDG in the brain is often
very high and stable, particularly the cerebellum.[27] In the
present study, it was found that SUVmax of super BMU was
approximately 5 to 6 time higher than that in the normal BM and
the BM/C ratios reached a high level of 1.24±0.36.
Mildly and moderately 18F-FDG BMU is a common

phenomenon in clinical PET/CT practice.[13,14,21] Nevertheless,
super BMU is a rare one. Although mildly and moderately 18F-
FDG BMU does not appear to be a useful tool to assess bone
marrow MI, because it is associated with various conditions
including not only the involvement of malignancy[13,14,28–30] but
also the benign BM hyperplasia resulting from a variety of
origins.[17–19,31–33] It was confirmed by the present study that
only 36.8% of mildly and moderately uptake in bone marrow
was caused by bone marrowMI. However, there was still a trend
that low uptake often indicates the myeloid hyperplasia while the
high uptake is often correlated with the malignant involve-
ment.[28,34] Sach pekidis C reported that the bone marrow MI
confirmed by BMB was positively correlated with SUVave and
Table 5

The 18F-FDG metabolism in the patients with lymphoma and leukem

Decrease rate (%)

Groups WBC HB PLT

Lymphoma 71.4 78.6 64.3
Leukemia 45.4 90.9 45.4
x2 �∗ �∗

0.887
P 0.241 0.604 0.346

18F-FDG= fluorine-18 fluoro-D-glucose, CRP=C-reactive protein, HB=hemoglobin, LDH= lactate dehy
∗
Fisher exact test.
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SUVmax (P<0.01). Therefore, we put forward a reasonable
assumption that a marked uptake of 18F-FDG in BM might
indicate a higher possibility of bone marrow MI. In the present
study, it was demonstrated that the incidence of bone marrowMI
in the super BMU group was actually markedly higher than that
of mildly and moderately uptake (93.5% vs 36.8%, P=0.000,
Fisher exact test). Based on the ROC analysis, when cut-off values
of BM/C and SUVmax were settled at 0.835 and 6.560, the
diagnostic specificity reached the high level of 91.4% and 95.7%,
respectively, which indicated that super BMU was a highly
specific indicator for diagnosing the marrow MI, although the
sensitivities were low for all the patients with abnormal BM
uptake (41.8% and 43.3%, respectively).
The present study also demonstrated that nearly all 96.5%

(28/29) bone marrow MIs in the super BMU patients were
originated from malignant hematological disease, particularly
lymphoma and leukemia. Leukemia is a primary malignant
disease of the BM.[35] With the rapid increase in the number of
immature blood cells, it was reported that the18F-FDG uptake in
BM in the leukemia was high and diffuse, especially in the
patients with acute leukemia, which possibly reflects the leukemic
cell activity.[13,36] Although primary BM lymphoma is rare,[37]

the incidence of bone marrow involvement was reported to be
relatively high in patients with lymphoma, and some of them can
also present as diffuse BMU.[14,22,38] The strikingly high18F-FDG
uptake may represent a markedly high activity of cell prolifera-
tion.[15,39] In our study, the super BMU actually mainly occurred
in patients with acute leukemia and highly aggressive lymphoma,
such as diffuse large-B-cell lymphoma, T-cell lymphoma, and
NK/T lymphoma, but not in the patients with chronic leukemia
and seldom in those with indolent lymphoma, which indicated
that super BMU was correlated with highly aggressive property
of malignancies in the bone marrow.
It is hard to differentiate whether the super BMUwas caused by

the lymphoma or leukemia without the BMB. In the present
study, no significant difference of BM SUVmax and BM/C ratios
was observed between leukemia and lymphoma (both P>0.05).
Although the serum LDHwas reported to be useful for evaluating
ia.

Increase rate (%)

WBC LDH CRP Fever (%)

0.0 78.6 71.4 64.3
36.4 63.6 100.0 27.2
�∗ �∗ �∗ �∗

0.026 0.656 0.105 0.111

drogenase, PLT=platelet, WBC=white blood cell.
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the lymphoma, the present study showed high LDH levels also
occurred in the most of the patients with leukemia, which made it
impossible for the differentiation. The limitation for the
differentiation was also found in HB, PLT, CRP, and the fever
incidence (all P>0.05). However, our study showed extra-BM
involvements detected by PET/CT might provide some clues for
the differentiation. More extra-BM involvements were often
found in-patient with lymphoma. Meanwhile, the liver and nasal
cavity involvements often prompt the lymphoma, which was only
seen in the patients with lymphoma, but not leukemia.
In the present study, a deviated phenomenon was observed,

which displayed with the markedly high 18F-FDG uptake in BM
and a decrease of peripheral blood cells. In patients with
lymphoma, the reduction of WBC, HB, and PLT was found in
more than 70% of patients, especially HB. In about 50% patients
with leukemia, the decrease of WBC, HB, and PLT was also
noted. This phenomenon might be caused by the rapid and vast
increase in the number of malignant cells in the bone marrow. As
a result, the normal bone marrow becomes smaller and smaller,
and the production of the healthy blood cells will be greatly
impaired which leads to the decrease in the peripheral blood
cells.[41] The present study indicated the decrease of peripheral
blood cells in a patient with a super BMUmight prompt the bone
marrow MI, especially HB and PLT. In the present study, lower
levels of HB and PLT were found in the patients with bone
marrowMI, comparedwith that of benign ones.Meanwhile, they
showed much lower in the super BMU than those in mildly and
moderately uptake. In the present study, an increase of peripheral
WBC was found in 4 of 11 patients with leukemia and 2 patients
with adult-onset still’s disease and severe infection. The former
might be contributed by spilling over of the leukemia cells into the
bloodstream from the BM, and the latter might be due to high
degree myeloid hyperplasia, which was also reported by the
previous report.[18]

There were some limitations in the present study. First, the
sample size of super BMU patients was a little small, so in the
future, more research with larger sample size is needed to confirm
the finding of the present study. Second, due to the shortcoming
of a retrospective study, the prospective study, particularly the
multicenters study, is warranted.
5. Conclusions

The current study was the first time to give a name of 18F-FDG
super BMU and illuminate its origins. It revealed that super BMU
was a highly potent indicator for the bone marrow MI which
mostly originated from lymphoma and leukemia. In most of the
cases, it reflected the highly aggressive proliferation of malignant
cells in BM. Super BMU accompanied by the decrease of
peripheral blood cells might prompt the bone marrow MI. The
liver and nasal cavity involvement detected by PET/CT could
provide some clues for the differentiation between the lymphoma
and leukemia patients with super BMU, although the definite
diagnosis could not be established without the BM biopsy.
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