
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

BLOOD RESEARCH VOLUME 53ㆍNUMBER 4
December 2018

ORIGINAL
ARTICLE

Detection of bone marrow involvement with FDG PET/CT in 
patients with newly diagnosed lymphoma
H. Tahsin Özpolat1, Ebru Yilmaz2, Hasan Sami Goksoy3, Sahre Özpolat4, Öner Dogan5, 
Seher Nilgun Unal2, Meliha Nalcaci3

1Bloodworks Research Institute, Seattle, WA, USA, 2Department of Nuclear Medicine, 3Department of Hematology, Istanbul School 
of Medicine, 4Department of Biostatistics and Epidemiology, Marmara School of Medicine, 5Department of Pathology, Istanbul 
School of Medicine, Istanbul, Turkey

p-ISSN 2287-979X / e-ISSN 2288-0011
https://doi.org/10.5045/br.2018.53.4.281
Blood Res 2018;53:281-287.

Received on February 14, 2018
Revised on May 16, 2018
Accepted on May 27, 2018

Background
Bone marrow involvement (BMI) affects the lymphoma stage, survival, and treatment. 
Bone marrow biopsy (BMB) and fluorodeoxyglucose (FDG) positron emission tomog-
raphy-computed tomography (PET/CT) are useful techniques to detect BMI. Both have 
advantages and disadvantages. We aimed to identify factors that could be used to predict 
BMI with positive and negative results on PET/CT compare them with BMB in newly diag-
nosed patients with lymphoma.

Methods
We included 22 non-Hodgkin and 16 Hodgkin lymphoma patients in this single center 
study. All patients had PET/CT examination and BMB before treatment. BMI in BMB was 
reported as negative or positive. Bone marrow was classified into 3 types by FDG uptake 
on PT/CT; diffuse involvement, focal involvement, and normal bone marrow. 

Results
PET/CT and BMB results were concordant (7 positive, 15 negative) in 22 patients (57%). 
We evaluated concordant and discordant patient characteristics and risk-stratified pa-
tients for BMI. Our findings suggest that patients with diffuse FDG uptake on PET/CT, 
especially patients with advanced age and low platelet and white blood cell counts, are 
likely to have BMI and could potentially forego BMB. Patients with negative PET/CT find-
ings and no significant laboratory abnormalities are very unlikely to have BMI.

Conclusion
Our results suggest that BMI should not be decided solely based PET/CT or BMB findings. 
It is reasonable to use both diagnostic assays along with clinical and laboratory findings. 
PET/CT result, clinical and laboratory findings could be useful for predicting BMI in patient 
for whom BMB is contraindicated.
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INTRODUCTION

Bone marrow involvement (BMI) affects the lymphoma 
stage, survival, and treatment models. Bone marrow biopsy 
(BMB) is a routinely used diagnostic and staging modality, 
in conjunction with imaging methods in patients with 
lymphoma. 18F-fluoro-2-deoxy-D-glucose (FDG) positron 
emission tomography-computed tomography (PET/CT) is an 

imaging modality that is increasingly used for the initial 
staging of lymphoma patients, with previous studies showing 
that it has high sensitivity for early detection of BMI in 
patients with lymphoma [1, 2]. PET/CT is a non-invasive 
technique that allows extramedullary disease detection and 
evaluation of whole-body bone marrow. These advantages 
make PET/CT a valuable adjunct in the diagnosis of lympho-
ma, and it has been proposed that it could replace BMB 
for bone marrow assessment in these patients. In this study 
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Table 1. Patient’s clinical and laboratory characteristics.

Total (%) HL, N (%) NHL, N (%) P a)

Gender (F/M)    23/15     11/5     12/10 NS
Age   46±18   33±13    55±15 0.001
BMI (+) in BMB     9 (24)      1(6)      8 (36) 0.052
BMI (+) in PET/CT   21 (55)   10 (62)     11(50) NS
WBC (×103/L)   8.6±4.6   9.2±4.6    8.0±4.6 NS
Lymphocyte (×103/L)   1.6±0.9   1.6±0.5    1.6±1.1 NS
Hemoglobin (g/dL) 12.0±3.0 12.0±2.6     11±2.6 NS
Platelet (×103/L)  294±135  326±86   271±159 NS
LDH (U/L)  841±1166  470±200 1090±1400 0.06
ESR (mm/hr)    52±41    55±44     49±38 NS

Normal Values: WBC, 4.3–10 K/mL; Hb, 11.5–15.5 mg/dL; platelet, 150–400 K/mL; LDH, 80–190 IU/L; ESR, ＜20 mm/hr. a)P: Compared only 
HL and NHL cases. 
Abbreviations: BMB, bone marrow biopsy; BMI, bone marrow involvement; ESR, erythrocyte sedimentation rate; F, female; HL, Hodgkin’s
lymphoma; LDH, lactate dehydrogenase; M, male; NHL, non-Hodgkin lymphoma; PET/CT, positron emission tomography-computed 
tomography; WBC, white blood cells.

we compare PET/CT with BMB for identifying BMI in newly 
diagnosed patients with non-Hodgkin lymphoma (NHL) and 
Hodgkin lymphoma (HL). 

MATERIALS AND METHODS

Patients presenting to the Istanbul School of Medicine 
with a diagnosis of lymphoma who underwent both PET/CT 
scan and BMB before treatment were included in this study. 
Patients were staged based on the Ann Arbor staging system 
and classified according to the World Health Organization 
(WHO) and Revised European American Lymphoma (REAL) 
classification systems. Patients’ history, physical examina-
tion, and laboratory tests were recorded. Patients who had 
begun treatment for lymphoma or were using bone mar-
row-stimulant factors or drugs before PET/CT scanning were 
excluded from this study. Patients with sepsis or active in-
fection during PET/CT scanning were also excluded, as in-
fection can affect the results. For all patients who underwent 
unilateral iliac crest BMB, their BMB specimens were re-
viewed by faculty pathologists at the Istanbul School of 
Medicine. Lymphoma involvement was defined as the pres-
ence of abnormal lymphoid cells in the bone marrow and 
biopsy specimens were classified based on WHO classification. 
PET/CT imaging was done at the Department of Nuclear 
Medicine by Biograph 6 HD Truepoint PET/CT (Molecular 
Imaging, Siemens Medical Solutions Inc., Malvern, PA, USA) 
1 hour after intravenous injection of 0.2 mCi/kg 18-FDG. 
PET acquisition was performed for 4 min per bed position 
for seven to eight bed positions. Bone marrow was classified 
into 3 types based on signal intensity and localization by 
FDG uptake on PT/CT: diffuse involvement (DI), focal in-
volvement (FI), and normal bone marrow as described pre-
viously [3]. The evaluators of PET/CT images and BMB were 
blinded to the results of the other assay. The Ethics 
Committee of Istanbul School of Medicine approved the study 

in accordance with the ethical standards of the Helsinki 
Declaration. Informed consent was not required for this study.

Statistical analysis
The data were analyzed using SPSS 15 software. The results 

are expressed as mean, standard deviation and percent. 
Fisher's Chi-square and Pearson Chi-square tests were used 
for categorical variables. Comparisons of continuous varia-
bles were performed using student’s t-test for normal dis-
tribution and Mann-Whitney U test for non-normal 
distribution. In all analyses, P＜0.05 was considered statisti-
cally significant.

RESULTS

Patient characteristics
Data were collected from 38 patients with NHL (N=22) 

and HL (N=16). The median age was 44 years (range, 18–88) 
and there were 23 (61%) males and 15 (39%) females. Twelve 
(58%) out of 38 patients had stage IV disease according 
to Ann Arbor staging system. Patient disease, clinical, and 
laboratory characteristics are summarized in Table 1 and 
Supplementary Table 1.

Detection of bone marrow involvement
All patients had BMB and PET/CT examinations for initial 

staging of lymphoma. The study flow chart is presented 
in Fig. 1. Nine patients (24%) had BMI on BMB. The 
BMB-positive group was older in age (P=0.007) and had 
lower platelet counts (P=0.003) than the BMB-negative 
group (Supplementary Table 2). Twenty-one (55%) patients 
had BMI on PET/CT. The PET/CT-positive group had lower 
Hb levels (P=0.001) and higher ESR (P=0.007), than the 
PET/CT-negative group (Supplementary Table 3). Evaluation 
of the data shows that the PET/CT and BMB results agreed 
in 22 (57%) cases, being concordantly negative in 15 (39%) 
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Fig. 1. The study flow chart.
Abbreviations: BMB, bone marrow 
biopsy; BMI, bone marrow invol-
vement; HL, Hodgkin's lymphoma; 
NHL, non-Hodgkin lymphoma; 
PET/CT, Positron emission tomo-
graphy-computed tomography.

Table 3. The comparision of BMI positive cases on PET/CT.

PET/CT (+), 
BMB (+)

PET/CT (+), 
BMB (-) P

Gender (F/M) 3/4 7/7 1
Age   56±15    34±13 0.005
HL/NHL 1/6 9/5 NS
WBC (×103/L)  6.2±2.7   9.7±5.0 NS
Lymphocyte (/L)  2.0±1.7   1.5±0.5 NS
Hemoglobin (g/dL)  9.9±3.1 10.7±2.2 NS
Platelet (×103/L) 186±89  365±154 0.005
LDH (U/L) 769±159  675±548 0.048
ESR (mm/hr)   53±49    74±42 NS

Normal Values: WBC, 4.3–10 K/mL; Hb, 11.5–15.5 mg/dL; 
platelet, 150–400 K/mL; LDH, 80–190 IU/L; ESR, ＜20 mm/hr.
Abbreviations: BMB, bone marrow biopsy; ESR, erythrocyte 
sedimantation rate; F, female; HL, Hodgkin’s lymphoma; LDH, 
lactate dehydrogenase; M, male; NHL, non-Hodgkin lymphoma; 
PET/CT, positron emission tomography-computed tomography; 
WBC, white blood cells.

Table 2. Detection of bone marrow involvement in lymphoma cases.

BMB (+) BMB (-) Total

All cases
   PET/CT (+) 7 14 21
   PET/CT (-) 2 15 17
   Total 9 29 38
NHL cases
   PET/CT (+) 6 5 11
   PET/CT (-) 2 9 11
   Total 8 14 22
HL cases
   PET/CT (+) 1 10 11
   PET/CT (-) 0 5 5
   Total 1 15 16

Abbreviations: BMB, bone marrow biopsy; HL, Hodgkin’s
lymphoma; NHL, non-Hodgkin lymphoma; PET/CT, positron 
emission tomography-computed tomography.

of cases and concordantly positive in 7 (18%) cases (Table 
2). Thus, using BMB as the gold standard, the estimated 
sensitivity of PET/CT was 77%, specificity 51%, negative 
predictive value (NPV) 88%, and positive predictive value 
(PPV) was 33%, in all cases.

Among NHL cases, PET/CT accurately predicted positive 
BMI in 6 patients and negative BMI in 9 patients. The PPV 
and NPV were 57% and 95%, respectively. Among HL cases, 
PET/CT accurately predicted positive BMI in 1 patient and 
negative BMI in 5 patients. The PPV and NPV were 90% 
and 100%, respectively (Table 2). Among the 10 patients 
with false negative PET/CT results, 7 (70%) presented with 
a low-grade histological subtype. The remaining 3 (30%) 
patients presented with DLBCL. Among the 5 patients with 
false positive PET/CT results, 2 (40%) presented with DLBCL, 

1 (20%) with Burkitt’s lymphoma, and 2 (40%) with HL.
The PET/CT-positive cases were separated into two groups 

by BMB results. The PET/CT (+), BMB (+) group had sig-
nificantly lower platelet counts (P=0.005) and higher LDH 
levels (P=0.048), than the PET/CT (+), BMB (-) group. WBC 
and lymphocyte counts, Hb levels, and ESR were not differ-
ent between the two groups (Table 3). 

The PET/CT-negative cases were also separated into two 
groups according to biopsy results. The PET/CT (-), BMB 
(+) group had significantly higher ESR (P=0.04) than the 
PET/CT (-), BMB (-) group (Table 4).

Type of bone marrow involvement on PET/CT
BMI was classified as DI or FI by FDG uptake on PET/CT. 
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Table 4. The comparision of BMI negative cases on PET/CT.

PET/CT (-), 
BMB (+)

PET/CT (-), 
BMB (-) P

Gender (F/M) 2/0 3/12 NS
Age     71±3    49±16 0.05
HL/NHL 0/2 6/9 NS
WBC (×103/L)     8.0±1.2   8.6±4.9 NS
Lymphocyte (/L)     2.3±0.4   1.5±0.7 NS
Hemoglobin (g/dL)   12.1±1.2 13.2±2.0 NS
Platelet (×103/L)    164±173  295±85 NS
LDH (U/L) 3,937±4,500  610±493 NS
ESR (mm/hr)      67±4    27±20 0.04

Normal Values: WBC, 4.3–10 K/mL; Hb, 11.5–15.5 mg/dL; platelet, 
150–400 K/mL; LDH, 80–190 IU/L; ESR, ＜20 mm/hr.
Abbreviations: BMB, bone marrow biopsy; ESR, erythrocyte 
sedimentation rate; F, female; HL, Hodgkin’s lymphoma; LDH, 
lactate dehydrogenase; M, male; NHL, non-Hodgkin lymphoma; 
PET/CT, positron emission tomography-computed tomography; 
WBC, white blood cells.

Table 5. Comparison of cases with diffuse FDG uptake on bone 
marrow detected by PET/CT. 

Diffuse FDG 
uptake, BMB (+)

Diffuse FDG 
uptake, BMB (-) P

Gender (F/M) 2/3 5/7 NS
Age   56±19    31±11 0.037
HL/NHL 0/5 9/3 NS
WBC (×103/L)  5.4±1.2 10.0±5.2 0.02
Lymphocyte (/L)  1.9±1.9   1.5±0.5 NS
Hemoglobin (g/dL)  9.3±3.6 10.7±2.3 NS
Platelet (×103/L) 174±84  376±173 0.006
LDH (U/L) 794±164  554±239 NS
ESR (mm/hr)   53±51    73±41 NS

Normal Values: WBC, 4.3–10 K/mL; Hb, 11.5–15.5 mg/dL; platelet, 
150–400 K/mL; LDH, 80–190 IU/L; ESR,＜20 mm/hr.
Abbreviations: BMB, bone marrow biopsy; ESR, erythrocyte 
sedimentation rate; F, female; HL, Hodgkin’s lymphoma; LDH, 
lactate dehydrogenase; M, male; NHL, non-Hodgkin lymphoma; 
PET/CT, positron emission tomography-computed tomography; 
WBC, white blood cells.

Among the patients with positive PET/CT results, 17 patients 
had DI, and 4 patients had FI. Five of 17 cases with DI 
were BMB-positive (29%), and 2 of 4 cases with FI were 
BMB-positive (50%). DI and FI patient Hb levels were both 
lower than normal range but similar between the two groups. 
WBC, lymphocyte, and platelet counts, as well as ESR and 
LDH levels were not different between the two groups 
(Supplementary Table 4). 

The cases with DI on PET/CT were separated into 
BMB-positive and BMB-negative groups. The biopsy-positive 
group had 5 patients and all cases had NHL. The biopsy-neg-
ative group had 12 patients and 9 of them had HL, while 
3 had NHL. Among the cases with DI on PET/CT, patients 
in the biopsy-positive group were older in age than the 
biopsy-negative group (P=0.037). They also had lower plate-
let (P=0.006) and WBC counts (P=0.02). Only 1 out of 5 
cases had leukopenia (2,950/L) and NHL. Mean WBC counts 
were 5,400/L in the DI-biopsy positive group. Seven out 
of 12 cases with DI on PET/CT and negative biopsy results 
had leukocytosis, and 6 of them had HL. Only 1 of them 
had DLBCL (Table 5).

DISCUSSION

The staging of lymphoma after diagnosis is crucial for 
treatment and prognosis. Extra-nodal involvement is classi-
fied as grade 4 lymphoma and affects prognosis [4-8]. PET/CT 
is an imaging method that has high sensitivity and specificity 
for detecting extra-nodal involvement and for monitoring 
response to treatment [9-11]. BMB, which has an important 
role in the staging of lymphoma, is an invasive method 
based on the examination of a very small area. In NHL, 
BMI is seen in 18–36% of aggressive lymphomas and 40–90% 
of indolent lymphomas [12]. In HL, BMI is detected in 5–14% 
of cases [13].

BMI was detected by biopsy in 34% of our cases with 
NHL and 6% in HL cases. BMI was detected by PET/CT 
in 50% of patients with NHL and 62% of patients with 
HL. The rate of BMI detected by PET/CT tended to be higher 
in cases with HL. As a result, BMI rates tended to be higher 
in PET/CT than in biopsy. In some cases, mostly patients 
with HL, PET/CT, the bone marrow revealed false positives. 
FDG PET/CT can show widespread, increased bone marrow 
activity in the setting of diffuse BMI or peripheral red blood 
cell destruction, such as in hypersplenism and hemolytic 
anemia [14, 15]. In our study, lymphoma cases showed diffuse 
BMI on PET/CT. This involvement may be due to BMI with 
lymphoma cells as well as anemia. However, cases with 
diffuse BMI on PET/CT were found to have similar Hb values 
when divided into groups with and without BMI on biopsy 
(Table 5). This finding suggests that biopsy may produce 
a false negative for various reasons, although BMI was some-
times detected on PET/CT but not on biopsy. We did not 
find any significant difference in Hb levels between the 
biopsy-positive and -negative groups without PET/CT re-
sults, in our study (Supplementary Table 2).

Focal BMI was detected on PET/CT in 4 cases, 2 (50%) 
of which were concordantly positive on biopsy. The rate 
of focal involvement on biopsy was 50%, which tended to 
be higher than in patients with diffuse involvement (29%). 
This finding suggests that diffuse involvement detected in 
PET/CT is often a false positive in our study patients 
(Supplementary Table 4).

The Hb value tended to be lower in cases with DI compared 
to those with FI on PET/CT, but both were lower than 
normal range (Supplementary Table 4). Similarly, low Hb 
levels were seen in true positive cases with DI compared 
to the biopsy-negative group (Table 5). The lower Hb levels 
in the DI group may be due to increased diffuse bone marrow 
activity associated with anemia, lymphoma infiltration, or 
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other causes of anemia. It is difficult to comment on patients 
with FI on PET/CT, because the number of patients was 
low (N=4), and there is little prior data on this topic in 
the literature.

The cases with DI on PET/CT were divided into two 
groups as biopsy-positive and -negative. Age was significantly 
higher, and platelet counts were significantly lower in the 
biopsy-positive group (Table 5). These findings remained 
consistent when the cases were divided according to biopsy 
results without considering PET/CT findings (Supplementary 
Table 2). WBC counts were significantly lower in the group 
with DI and positive biopsy results. On the other hand, 
7 (58%) out of 12 cases with DI on PET/CT and negative 
biopsy results had leukocytosis (Table 5). Lower WBC count 
was not thought to be a clinically significant sign of lympho-
ma infiltration in the biopsy-positive group, as there was 
a significant difference in WBC counts in the biopsy-positive 
and -negative groups, but no leukopenia. However, a high 
WBC count was seen in most patients with DI and negative 
biopsy results which may be due to bone marrow reactivity. 
Murata et al. [16] examined the relationship between hema-
tological parameters and FDG uptake values in the bone 
marrow on PET/CT in 48 patients with solid tumors. They 
showed that the FDG uptake in bone marrow correlated 
with WBC and neutrophil counts but not RBC, lymphocyte, 
or platelet counts [16]. However, this study did not examine 
BMI by biopsy, and it emphasized the short lifetime of neu-
trophils, suggesting that it may be associated with endoge-
nous hematopoietic factors [16]. In 24 cases with newly 
diagnosed HL, El-Galaly et al. [17] found that patients with 
DI in bone marrow had higher WBC counts compared to 
patients with FI. They suggested that DI may be related 
to reactive bone marrow and not lymphoid infiltration [17]. 
Twenty-three untreated lymphoma patients with DI in the 
bone marrow on PET/CT had lower Hb levels (91%), higher 
WBC counts (48%), and lower platelet counts (39%), higher 
platelet counts (22%) than the normal range [18]. However, 
this study did not consider biopsy results and did not compare 
laboratory markers by biopsy results. 

BMB is not a perfect gold standard and can result in false 
negatives because of the presence of patchy infiltration in 
bone marrow and removal of biopsy material from a non-in-
volved site, or because of inadequate amount of biopsy tissue 
taken. However, in clinical use, BMB is routinely performed 
and accepted as a gold standard, as there have been no better 
alternatives. Pakos et al. [19] investigated the role of PET/CT 
in assessing BMI in lymphoma in a meta-analysis. In this 
study, a total of 587 patients in 13 studies were examined, 
and detection of BMI on PET/CT showed a sensitivity and 
specificity of 74% and 95%, respectively [19, 20]. We detected 
higher sensitivity and PPV but lower specificity and NPV 
compared to this previous work [19]. However, the inter-
pretation of our results may be influenced by the limitation 
that our study had a low number of patients and a mixed 
patient population (NHL and HL). In addition, the biopsy 
used as the gold standard was performed unilaterally and 
could have produced false negative results. 

In our study, the concordance rate was higher than the 
discordance rate between PET/CT and BMB. In 50 HL and 
NHL cases, Carr et al. [21] found a concordance rate of 
78%. In our study, the rate of PET/CT (+) and biopsy (-) 
cases was high. This group of patients mostly had a diffuse 
uptake pattern on PET/CT and HL. In 24 cases with newly 
diagnosed HL, El-Galaly et al. [17] found that none of them 
had BMI in biopsy. Myeloid hyperplasia in bone marrow 
causes DI on PET/CT, especially in HL cases, which may 
have caused the high number of these patients in our study 
[17-19, 21]. Among the PET/CT (+) patients, the true positive 
group was significantly older in age, and had lower platelet 
count and higher LDH levels, than the false positive group 
(Table 4). These results suggest that hematologic markers 
could be used to risk-stratify patients with positive PET/CT 
for true BMI. Among PET/CT (-) patients, the false negative 
group had a higher ESR than the true negative group (Table 
5). These results suggest that patients with negative biopsy 
and PET/CT results are at very low risk for BMI. 

Our findings suggest that patients with diffuse FDG uptake 
on PET/CT, advanced age and low platelet and WBC counts 
are likely to have BMI and could potentially forego BMB. 
Similarly, our findings also suggest that patients with negative 
PET/CT and no significant laboratory abnormalities, are very 
unlikely to have BMI.

Recent publications have shown that a PET/magnetic reso-
nance imaging method is more successful in demonstrating 
diffuse BMI. This method is not widely available for current 
clinical use. At present, PET/magnetic resonance imaging 
has been mainly used in cases where PET/CT has failed 
[22, 23]. Imaging techniques using advanced technology may 
progressively reduce the need of BMB for staging lymphoma.

This single-center retrospective cohort study describes the 
test characteristics of PET/CT for the appropriate identi-
fication of BMI in lymphoma patients. We also report several 
factors that could be used to help risk-stratify patients for 
true positive and true negative PET/CT results. Our findings 
should ideally be validated prospectively in a larger cohort. 
However, in conjunction with prior literature, it seems that 
PET/CT is a useful adjunct to BMB, in the diagnosis of BMI 
in lymphoma. PET/CT can also potentially be used to inves-
tigate BMI in patients who do not want to have BMB or 
who have conditions, such as obesity or severe osteoporosis, 
that make it technically difficult for performing BMB. 
Interpretation of BMB or FDG PET/CT alone may be in-
sufficient to accurately diagnose BMI. Diagnostic strategies 
should incorporate both modalities, as well as clinical and 
laboratory findings.
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Supplementary Table 1. Patient and disease characteristics.

HL, N (%) NHL, N (%)

Stage I 5 (31.2)   2 (9.1 )
Stage II 5 (31.2)   5 (22.7)
Stage III 4 (25)   5 (22.7)
Stage IV 2 (12.5) 10 (45.5)

Type of lymphoma N %

   NHL 22 57.9
      Aggressive 19 86.4
      Indolent 3 13.6
      DLBCL 12 54.5
      Other 10 44.5
   HL 16 42.1
      Mixed cellular 8 50
      Nodular sclerosis 7 43.8
      Other 1 6.2

Abbreviations: DLBCL, diffuse large B-cell lymphoma; F, female; 
HL, Hodgkin’s lymphom; M, male; NHL, non-Hodgkin lymphoma.

Supplementary Table 2. Comparison of cases with and without 
BMI detected by BMB.

BMB (+) BMB (-) P

Gender (F/M) 5/4 10/19 NS
Age      60±15   42±17 0.007
HL/NHL 1/8 15/14 0.052
WBC (×103/L)     6.6±2.5  9.1±4.9 NS
Lymphocyte (×103/L)     2.0±1.5  1.5±1.6 NS
Hemoglobin (g/dL)   10.4±2.9   12±2.4 NS
Platelet (×103/L)    181±89 329±126 0.003
LDH (U/L) 1,561±2,200 642±513 NS
ESR (mm/hr)      56±43   51±40 NS

Normal Values: WBC, 4.3–10 K/mL; Hb, 11.5–15.5 mg/dL; platelet, 
150–400 K/mL; LDH, 80–190 IU/L; ESR,＜20 mm/hr.
Abbreviations: BMB, bone marrow biopsy; BMI, bone marrow 
involvement; ESR, erythrocyte sedimentation rate; F, female; HL, 
Hodgkin’s lymphoma; LDH, lactate dehydrogenase; M, male; 
NHL, non-Hodgkin lymphoma; PET/CT, positron emission tomography- 
computed tomography; WBC, white blood cells.

 Supplementary Table 4. Comparison of cases with diffuse and 
focal FDG uptake detected in bone marrow by PET/CT.

Diffuse FDG 
uptake

Focal FDG 
uptake P

Gender (F/M) 7/10 3/1 NS
Age    38±17     53±10 NS
HL/NHL 9/8 1/3 NS
BMI (+) in BMB     5 (29%)      2 (50%)

NS
BMI (-) in BMB   12 (71%)      2 (50%)
WBC (×103/L)   8.7±4.9     8.0±3.5 NS
Lymphocyte (×103/L)   1.6±1.0     1.8±1.3 NS
Hemoglobin (g/dL) 10.3±2.7   11.1±0.8  0.05
Platelet (×103/L)  317±171      65±52 NS
LDH (U/L)  625±240 1,100±1,100  0.05
ESR (mm/hr)    66±44      32±23  0.007

Normal Values: WBC, 4.3–10 K/mL; Hb, 11.5–15.5 mg/dL; 
platelet,150–400 K/mL; LDH, 80–190 IU/L; ESR, ＜20 mm/hr.
Abbreviations: BMB, bone marrow biopsy; BMI, bone marrow 
involvement; ESR, erythrocyte sedimentation rate; F, female; HL, 
Hodgkin’s lymphoma; LDH, lactate dehydrogenase; M, male; 
NHL, non-Hodgkin lymphoma; PET/CT, positron emission tomography- 
computed tomography; WBC, white blood cells.

Supplementary Table 3. Comparison of cases with and without 
BMI detected by PET/CT.

PET/CT (+) PET/CT (-) P

Gender (F/M) 10/11 6/11 NS
Age    41±17      52±17 NS
HL/NHL 10/11 6/11 0.052
WBC (×103/L)   8.6±4.6     8.6±4.7 NS
Lymphocyte (×103/L)   1.7±1.1     1.6±0.7 NS
Hemoglobin (g/dL) 10.5±2.5   13.1±1.9 0.001
Platelet (×103/L)  305±159    280±100 NS
LDH (U/L)  700±460 1,000±1,600 NS
ESR (mm/hr)    66±44      32±23 0.007

Normal Values: WBC, 4.3–10 K/mL; Hb, 11.5–15.5 mg/dL; platelet, 
150–400 K/mL; LDH, 80–190 IU/L; ESR, ＜20 mm/hr.
Abbreviations: BMB, bone marrow biopsy; BMI, bone marrow 
involvement; ESR, erythrocyte sedimentation rate; F, female; HL, 
Hodgkin’s lymphoma; LDH, lactate dehydrogenase; M, male; 
NHL, non-Hodgkin lymphoma; PET/CT, positron emission 
tomography-computed tomography; WBC, white blood cells.


