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18Prognostic value of bone marrow F-FDG uptake on 

PET/CT in lymphoma patients with negative bone 

marrow involvement

Abstract
18 18Objective: The study evaluated the signi�cance of F-�uorodeoxyglucose ( F-FDG) uptake of bone marrow 

(BM) for predicting progression-free survival (PFS) in lymphoma patients without BM involvement. 
Subjects and Methods: Ninety-�ve patients with histopathologically proven lymphoma, 7 Hodgkin's lym-

18phoma and 88 non-Hodgkin's lymphoma, who underwent F-FDG positron emission tomography/com-
puted tomography (PET/CT) and BM biopsy for staging work-up and 40 normal subjects were retrospec-

18 18tively enrolled. Maximal F-FDG uptake of lymphoma (Lmax), mean F-FDG uptake of BM (BM SUV) and 
BM-to-liver uptake ratio (BLR) were measured. Prognostic value of BM SUV and BLR for predicting PFS were 
assessed. Results: Of the 95 patients, 35 (36.8%) were histopathologically or clinically diagnosed with BM 
involvement of lymphoma. There were signi�cant di�erences of BLR among lymphoma patients with/ 
without BM involvement and normal subjects (P<0.05). For all patients, high risk indicated by International 
Prognostic Index (IPI) score and Lmax were signi�cantly associated with PFS on multivariate analysis (P< 
0.05). For 60 patients without BM involvement, BM SUV and BLR were independent prognostic factors for 

18PFS along with performance status and Lmax (p<0.05). Among patients without BM involvement, high F-
18FDG uptake of BM was associated with signi�cantly worse PFS than low F-FDG uptake of BM, with no 

signi�cant di�erence in PFS apparent compared to patients with BM involvement. Conclusion: In lym-
18phoma patients without BM involvement, F-FDG uptake of BM was signi�cantly associated with worse 

18PFS. Patients with high F-FDG uptake of BM showed similar prognosis to those with BM involvement.
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Introduction

In patients with lymphoma, accurate evaluation of the extent of lymphoma is impe-
18rative in selecting optimal treatment and predicting prognosis [1, 2]. Currently, F-�u-

18orodeoxyglucose ( F-FDG) positron emission tomography/computed tomography 
(PET/CT) is the standard popular means of evaluating the extent of lymphoma and tre-
atment response, and is part of the standard staging assessment [3-5]. For Hodgkin's lym-

18phoma (HL), F-FDG PET/CT is a more sensitive way of detecting bone marrow (BM) in-
18volvement than BM biopsy and focal BM F-FDG uptake is indicative of BM involvement [4, 

186]. For non-Hodgkin's lymphoma (NHL), F-FDG PET/CT has lower sensitivity (50.0-68. 
8%) in detecting BM involvement, which may be insu�cient to replace BM biopsy [6-8]. 

18Many NHL patients with BM involvement display only di�usely increased BM F-FDG 
18 18uptake without any focal F-FDG uptake [9]. Because the degree of BM F-FDG uptake is 

also related with BM activation in response to infection or malignancy, di�usely incre-
18ased F-FDG uptake of BM can be found in some of patients with negative BM involve-

ment, making it hard to di�erentiate from BM involvement of NHL [10-13]. 
In�ammatory and immune responses to malignancy have been associated with prog-

ression of various types of cancers, and prognostic values of biomarkers re�ecting the 
systemic in�ammatory response, such as neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and C-reactive protein (CRP), have been studied in lymphoma 

18patients [14-16]. Considering that F-FDG uptake of BM can re�ect a systemic in�am-
18matory response to malignancy, BM F-FDG uptake in a lymphoma patient might be as-

sociated with prognosis, even  the patient lacks evidence of BM involvement. However, 
18most of the previous studies explored the diagnostic capability of F-FDG PET/ CT to 

detect BM involvement, and only a few studies have evaluated the prognostic value 
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18of F-FDG uptake of BM in patients with lymphoma [10, 12].
In the present study, we evaluated the relationship betwe-

18en F-FDG uptake of BM, serum in�ammatory markers and 
18prognostic value of BM F-FDG uptake, in lymphoma patie-

nts with negative BM involvement. Furthermore, we clas-
18si�ed those patients into two subgroups according to F-

18FDG uptake of BM (high and low F-FDG uptake) and com-
pared the prognosis in those two subgroups to the progno-
sis in patients with BM involvement.

Subjects and Methods

Patients
This retrospective study was approved by the institutional 
review board of our university and followed the principles of 
the Declaration of Helsinki. Due to the retrospective nature 
of the study, the requirement to obtained informed consent 
was waived. We retrospectively enrolled 95 patients with his-
topathologically proven lymphoma in our medical center 
between January 2011 and December 2014. The 95 enrolled 
patients included 7 with HL and 88 with NHL. The charac-
teristics of the patients are listed in Table 1. Patients who 
were diagnosed with primary central nervous system lym-
phoma or mucosa-associated lymphoid tissue lymphoma, 
who had concurrent liver or infectious disease, or who had a 
history of another malignant disease were excluded. All pati-
ents underwent staging work-up of physical examina-tions, 
blood tests, including blood cell counts and serum CRP and 
lactate dehydrogenase (LDH) levels, contrast enhanced CT, 
18F-FDG PET/CT, and BM biopsy. Untargeted BM biopsy was 
performed in the unilateral iliac crests. Immunohistochemi-
cal staining as well as hematoxylin and eosin staining were 
performed to detect BM involvement. After staging work-
up, all patients underwent chemotherapy, radiotherapy, 
and/or immunotherapy according to the histopathology 
types and stage of lymphoma, and their clinical condition. 
After the initial treatment, physical examinations and regu-

18lar imaging studies including contrast-enhanced CT and F-
FDG PET/CT were performed and disease status was deter-
mined for each clinical follow-up visit according to the resu-
lts of the imaging examinations. Disease progression was 
de�ned as an increase of size of known involved lesion 
and/or appearance of new involved lesion according to the 
International Harmonisation Project revision of the 
International Working Group criteria [17] .

For comparison, 40 normal subjects (median age, 54 years; 
range, 35-77 years) comprising 18 men and 22 women were 

18also included in the study. All had undergone F-FDG PET/ 
CT for cancer screening in our medical center between Janu-
ary and December 2014. None of them had a history of malig-
nant, infectious, or liver disease and there were no abnormal 
PET/CT �ndings. 

18The F-FDG PET/CT scan
Fluorine-18-FDG PET/CT studies were obtained using a 
dedicated Biograph mCT 128 scanner (Siemens Healthcare, 
Knxville, TN, USA). After at least 6 hours fasting, 4.07 MBq/kg 

18 18of F-FDG was intravenously administered. Before the F-
FDG injection, blood glucose test was performed. Blood 
glucose was �150mg/dL in all patients. Approximately 60 

18minutes after F-FDG injection, PET/CT scan from the skull 
base to the proximal thigh was performed. At �rst, a CT scan 
was done to generate attenuation correction map at 100mA 
and 120kVp without contrast enhancement. Positron emis-
sion tomography data were then acquired at a 1.5 minutes 
per one bed position. The PET images were reconstructed 
with an iterative algorithm using TrueX and time-of-�ight 
reconstruction. 

18F-FDG PET/CT image analysis
All PET/CT images were retrospectively reviewed by two 
nuclear medicine physicians who were blinded to the BM 
biopsy results and clinical outcomes. Disagreements betwe-
en the readers were resolved by a consensus reading. At �rst, 
PET/CT images were visually assessed and extent of lym-
phoma was determined. Fluorine-18-FDG uptake of BM was 

18evaluated and focal BM F-FDG uptake was considered as 
18positive BM involvement. Focal F-FDG uptake of BM was 

18de�ned as one or more circumscribed areas of increased F-
18FDG uptake showing greater intensity of F-FDG uptake 

than normal liver and no anatomical lesions to suggest be-
nign bone pathology [12]. Thereafter, a spheroid-shaped 
volume of interest (VOI) was drawn over each lesion of lym-
phoma and the maximum standardized uptake value (SUV) 
of lymphoma for each patient was measured (Lmax). In 

18 18patients without focal F-FDG uptake on BM, F-FDG upta-
ke of BM was measured as follows. Seven VOI were drawn 
over the bilateral iliac bones and vertebral bodies of �ve ver-
tebrae (mostly T11, T12, L3, L4, and L5 spines, unless a 
pathologic lesion such as compression fracture or severe 
osteoarthritic changes was present). Mean SUV for each VOI 
was measured using an automatic isocontour set at 75% of 
maximum SUV, because the mean SUV using 75% cut-o� 
value of the maximum SUV produces substantial agreement 
between observers [18, 19]. Mean SUV of the seven VOI was 

18calculated and de�ned as BM SUV. To measure F-FDG upta-
ke of normal liver, 2 cm-sized spheroid-shaped VOI was dra-
wn in the right lobe of the liver, where lymphoma involve-
ment was not detected, and mean SUV of VOI was measu-

18red. Afterwards, BM SUV-to-normal liver uptake ratio of F-
FDG uptake (BLR) was calculated.

Statistical analysis
The Kruskal-Wallis test with post-hoc analysis was perfor-
med to compare BM SUV and BLR between patient groups. 

18For evaluation of correlation of F-FDG uptake of the BM 
with hematologic parameters, serum in�ammatory mar-
kers, and BM cellularity on BM biopsy, Spearman's rank 
correlation coe�cients were calculated. The predictive va-
lue of variables for progression-free survival (PFS) was asses-
sed using a Cox proportional hazards regression model for 
univariate and multivariate analyses. All continuous vari-
ables included in the survival analysis were dichotomized 
according to the optimal cut-o� values determined by maxi-
mally selected chi-square statistics.For multivariate analysis, 
variables that showed statistical signi�cance in univariate
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Table 1. Characteristics of the 95 enrolled patients

Characteristic Number of 
patients (%)

Median 
(range)

Age (years)

Sex Male 57 (60.0%)

Female 38(40.0%)

Subtype Diffuse large B-
cell lymphoma

47 (49.5%)

Peripheral T-cell 
lymphoma

9 (9.5%)

Follicular 
lymphoma

8 (8.4%)

Marginal zone 
B-cell lymphoma

8 (8.4%)

Hodgkin's 
lymphoma

7 (7.4%)

Anaplastic large 
cell lymphoma

5 (5.3%)

NK/T-cell 
lymphoma

4 (4.2%)

Mantle cell 
lymphoma

4 (4.2%)

Angioimmuno-
blastic T-cell 
lymphoma

3 (3.1%)

Stage I 23 (24.2%)

II 21 (22.1%)

III 10 (10.5%)

IV 41 (43.2%)

BM involvement on BM 
18biopsy or F-FDG PET/CT

35 (36.8%)

Extranodal involvement 41 (43.2%)

Presence of B symptoms 27 (28.4%)

ECOG 
PS

0-1 82 (86.3%)

2-3 13(13.7%)

IPI 0-1 (low) 34 (35.8%)

2 (low 
intermediate)

15 (15.8%)

analysis were included. Survival time for PFS was de�ned as 
the time from the day of the initiation of the �rst-line 
treatment to the day of detection of disease progression. 
Hazard ratios with Wald 95% con�dence intervals (CIs) were 
provided for Cox models. For the internal validation, a 
bootstrap method using 1,000 bootstrap replications was 
performed. A P-value of <0.05 was considered statistically 

18signi�cant. Survival curves according to the F-FDG uptake 
of BM were estimated by the Kaplan-Meier method and 
compared by using the log-rank test. In a comparison of PFS 
between three patient subgroups (those with BM 

18involvement, those with high F-FDG  uptake of BM and ne-
18gative BM involvement, and those with low F-FDG uptake 

of BM and negative BM involvement), Bonferroni correction 
was used to account for multiple testing, and P-value of less

3 (high 
intermediate)

14 (14.7%)

4-5 (high) 32 (33.7%)

LDH (IU/L) 349.0 (143.0-
7323.0)

CRP (mg/dL) 8.2 (0.1-348.1)

12WBC (×10 cells/L) 6.05 (0.81-
100.90)

Hemoglobin (g/dL) 12.1 (6.1-16.4)

NLR 2.44 (0.15-
114.66)

PLR 135.58 (3.55-
1187.08)

Lmax 11.00 (1.52-
47.43)

BM 
SUV*

25 patients 
with BM 
involvement 

1.62 (0.94-4.74)

60 patients 
with no BM 
involvement

1.44 (0.82-2.97)

BLR* 25 patients 
with BM 
involvement 

0.88 (0.60-3.92)

60 patients 
with no BM 
involvement

0.73 (0.44-1.94)

18*Measured in 85 patients without focal  F-FDG uptake on the BM. BM, 
bone marrow; ECOG PS, Eastern Cooperative Oncology Group 
performance status; IPI, International Prognostic Index; LDH, lactate 
dehydrogenase; CRP, C-reactive protein; WBC, white blood cell; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet to lymphocyte ratio; 
Lmax, maximum standardized uptake value of lymphoma; BM SUV, 
mean standardized uptake value of bone marrow; BLR, BM SUV to 
liver uptake ratio.
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than 0.0167 (0.05/3=0.0167) was considered to be a signi�-
cant di�erence. Statistical analyses were performed using 
IBM SPSS statistics for Windows, Version 20.0 (IBM Corp., 
Armonk, NY, USA) and R 2.13.0 software (The R Foundation 
for Statistical Computing, Vienna, Austria). 

Results

Patient characteristics
Of all patients, 8 patients (8.4%) showed BM involvement of 

18lymphoma on BM biopsy and focal BM F-FDG on PET/CT, 
and 25 patients (26.3%) had BM involvement on BM biopsy 

18but no focal BM F-FDG uptake. Two patients (2.1%) had 
18negative results on BM biopsy but showed focal F-FDG up-

take of the BM and were clinically diagnosed with BM 
involvement. Overall, 35 patients (36.8%) were histopatho-
logically or clinically diagnosed with BM involvement of lym-
phoma. Bone marrow SUV and BLR were measured in 85 

18patients without focal F-FDG uptake on the BM, consisted 
of 25 patients with BM involvement and 60 patients with 
negative BM involvement (Table 1). During the mean follow-
up period of 22.5±12.3 months, 36 patients (37.9%) experi-
enced disease progression. 

The BM SUV and BLR of 25 patients with BM involvement 
18and no focal F-FDG uptake and 60 patients with negative 

BM involvement (Figure 1) were compared with those of 40 
normal subjects (mean BM SUV, 1.31±0.21; mean BLR, 0.60± 
0.10). The Kruskal-Wallis test revealed signi�cant di�erences 
of BM SUV (P=0.01) and BLR (P<0.001) between the three 
groups (Figure 2). On post-hoc analysis, BM SUV and BLR in 
both patient groups were signi�cantly higher than those in 
the 40 normal subjects (P<0.05). BLR of the 25 patients with 
BM involvement was signi�cantly higher than that in 60 
patients with negative BM involvement (P<0.05); however, 
there was no signi�cant di�erence of BM SUV between the 
two patient groups (P>0.05).

Prognostic factors predicting PFS
The signi�cance of prognostic factors for predicting PFS in 
all patients on univariate and multivariate analyses are sho-
wn in Table 2. The optimal cut-o� values determined by the 
maximal chi-square method for age, LDH, CRP, NLR, PLR, and 
Lmax were 60 years, 450 IU/L, 3.0mg/dL, 3.0, 120, and 7.0, 
respectively. On univariate analysis, stage, BM involvement, 
extranodal involvement, presence of B symptoms, Eastern 
Cooperative Oncology Group performance status (ECOG 
PS), International Prognostic Index (IPI) score, serum CRP le-
vel, and Lmax were signi�cantly associated with PFS (P<0.05 
for all) and were selected for multivariate analysis. On multi-
variate analysis, high risk on IPI (P=0.03), and Lmax (P=0.01) 
were independent prognostic factors for PFS. 

Subgroup analysis for patients without BM invol-
vement

18To evaluate the clinical implication of F-FDG uptake of the 
BM, subgroups analysis was performed in 60 patients with no

Figure 1. Maximum intensity projection (A), transaxial, (B) and (D), and sagittal 
18(E) F-FDG PET images and transaxial fused PET/CT images (C), of a 28 year old 

woman with di�use large B-cell lymphoma. Lymphoma involvement is seen in the 
right palatine tonsil and right neck area with Lmax of 39.18 (arrows in (B) and (C)). 

18No other region showed lymphoma involvement on F-FDG PET/CT with negative 
18result on BM biopsy. Di�usely increased F-FDG uptake of BM is shown with BM 

SUV of 1.82 and BLR of 0.95. Serum CRP level, NLR, and PLR were 23.82mg/dL, 
3.84, and 166.10, respectively. The patient underwent chemotherapy that consis-
ted of doxorubicin, cyclophosphamide, vincristine, and prednisone with rituximab, 
achieving complete response after 6 cycles of chemotherapy. However, lymphoma 
was recurred 13.4 months after the treatment. 

Figure 2. Distribution of BM SUV (A) and BLR (B) in 40 normal subjects (normal), 
60 lymphoma patients with no BM involvement (no BM involvement), and 25 
lymphoma patients with BM involvement (BM involvement) using box and 
whisker plot. 

or clinical evidence of BM involvement. Of these, 7 patients 
18(11.7%) had BM SUV exceeding liver F-FDG uptake (BLR> 

181.0). The relationships of F-FDG uptake of the BM with 
hematologic (white blood cell count and hemoglobin level) 
and in�ammatory (serum CRP level, NLR, and PLR) markers, 
and BM cellularity on BM biopsy were assessed (Table 3). 
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Table 2. Signi�cance of prognostic factors for PFS on univariate and multivariate analyses.

Univariate analysis Multivariate analysis

Variables P-value Hazard ratio 
(95% CI)

P-value Hazard ratio 
(95% CI)

Age �60 years 1.00

>60 years 0.8 1.10 (0.57-2.11)

Sex Female 1.00

Male 0.7 0.86 (0.44-1.70)

Stage I-II 1.00 1.00

III-IV 0.03 2.18 (1.10-4.33) 0.5 1.66 (0.35-7.93)

ECOG 0-1 1.00 1.00

2-3 0.002 3.56 (1.58-7.99) 0.2 2.01 (0.68-5.96)

BM involvement No 1.00 1.00

Yes 0.03 2.08 (1.08-4.02) 0.3 1.64 (0.61-4.40)

Extranodal 
involvement

No 1.00 1.00

Yes 0.008 2.62 (1.29-5.32) 0.8 1.17 (0.44-3.12)

B symptoms No 1.00 1.00

Yes 0.02 2.21 (1.14-4.29) 0.4 0.57 (0.16-2.02)

IPI 0-1 1.00 1.00

2-3 0.7 0.87 (0.35-2.16) 0.4 0.52 (0.13-2.09)

4-5 0.009 0.03 2.02 (1.21-4.04)

LDH �450 IU/L 1.00

>450 IU/L 0.2 1.63 (0.81-3.26)

CRP �3.0 mg/dL 1.00 1.00

>3.0 mg/dL 0.01 2.60 (1.21-5.60) 0.4 1.40 (0.59-3.30)

NLR �3.0 1.00

>3.0 0.3 1.48 (0.75-2.94)

PLR �120.0 1.00

>120.0 0.3 0.73 (0.38-1.39)

Lmax �7.0 1.00 1.00

>7.0 0.01 3.04 (1.26-7.34) 0.01 3.14 (1.29-7.67)

ECOG PS, Eastern Cooperative Oncology Group performance status; BM, bone marrow; IPI, International Prognostic Index; LDH, lactate 
dehydrogenase; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Lmax, maximum standardized 
uptake value of lymphoma.
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Bone marrow SUV was signi�cantly associated with white 
blood cells count (P=0.02), NLR (P=0.04), and serum CPR le-
vel (P<0.001), and BLR was signi�cantly correlated with whi-
te blood cell count (P=0.003), NLR (P=0.005), PLR (P=0.003), 
and serum CRP levels (P=0.001). No signi�cant correlation 

18was shown between BM F-FDG uptake, hemoglobin, and 
BM cellularity (P>0.05). 

In a subgroup of 60 patients without BM involvement, sur-
vival analysis was performed with including BM SUV and BLR 
as variables (Table 4). The cut-o� values determined by the 
maximal chi-square method were 1.50 for BM SUV and 0.70 
for BLR. On univariate analysis, ECOG PS, IPI score, serum 
CRP level, NLR, Lmax, BM SUV, and BLR were signi�cant pro-
gnostic factors for PFS (P<0.05 for all). On multivariate ana-
lysis, ECOG PS (P=0.02), Lmax (P=0.02), BM SUV (P=0.04), and 
BLR (P=0.03) were signi�cantly associated with worse PFS. 

Survival analysis according to BM involvement and 
18BM F-FDG uptake

Because BM SUV and BLR were independent prognostic 
factors for PFS in patients without BM involvement, we fur-
ther performed survival analysis between patients with BM 
involvement and two subgroups of patients without BM in-
volvement (high and low BM SUV or BLR) with correction for 
multiple testing. For BM SUV, patients with BM involvement 
(P=0.004) and patients with BM SUV of >1.50 and negative 
BM involvement (P=0.01) had signi�cantly worse PFS than 
those with BM SUV of �1.50 and negative BM involvement. 
No signi�cant di�erence in PFS was observed between pati-
ents with BM involvement and those with BM SUV of >1.50 
and no BM involvement (P=0.6; Figure 3a). Likewise, for BLR, 
patients with BM involvement (P=0.004) and patients with 
BLR of >0.70 and negative BM involvement (P=0.01) had sig-
ni�cantly worse PFS than those with BLR of �0.70 and nega-
tive BM involvement, and no signi�cant di�erence in PFS 
was seen between patients with BM involvement and BLR of 
>0.70 (P=0.3; Figure 3b). 

Discussion

In the present study, BM SUV and BLR were independent 
prognostic factors predicting PFS in lymphoma patients 

18without BM involvement. The F-FDG uptake of BM in lym-
phoma patients was higher than that in normal subjects and 
signi�cantly correlated with serum in�ammatory markers. 

18Furthermore, interestingly, patients who showed high F-
FDG uptake of BM with negative lymphoma involvement 
showed similar prognosis as patients with BM involvement, 

18which were signi�cantly worse than those with low BM F-
FDG uptake and negative BM involvement. 

Figure 3. Kaplan-Meier curves for PFS strati�ed according to BM SUV (A) and BLR 
(B). 
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18Table 3. Correlation of F-FDG uptake of BM on PET/CT with hematologic and in�ammatory markers and BM cellularity in a subgroup of 60 
patients without BM involvement.

White blood 
cells

Hemoglobin NLR PLR CRP BM cellularity

BM 
SUV

P = 0.02
r = 0.296

(0.045 – 0.511)

P = 0.2
r = -0.176

(-0.412 – 0.082)

P = 0.04
r = 0.262

(0.009 – 0.484)

P = 0.08
r = 0.232

(-0.024 – 0.459)

P < 0.001
r = 0.467

(0.242 – 0.645)

P = 0.2
r = 0.173

(-0.111 – 0.430)

BLR P = 0.003
r = 0.420

(0.186 – 0.609)

P = 0.1
r = -0.291

(-0.507 – 0.041)

P = 0.005
r = 0.355

(0.111 – 0.559)

P = 0.003
r = 0.401

(0.164-0.594)

P = 0.001
r = 0.597

(0.405-0.739)

P = 0.07
r = 0.261

(-0.019 – 0.503)

r, Spearman's correlation coe�cient. Data in parentheses are 95% con�dence intervals with a bootstrap method. BM, bone marrow; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein; BM SUV, mean standardized uptake value of bone 
marrow; BLR, BM SUV to liver uptake ratio.
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Table 4. Signi�cance of prognostic factors for PFS on univariate and multivariate analyses in a subgroup of 60 patients without BM involvement.

Univariate analysis Multivariate analysis

Variables P-value Hazard ratio 
(95% CI)

P-value Hazard ratio 
(95% CI)

Age �60 years 1.00

>60 years 0.6 1.25 (0.50-3.12)

Sex Female 1.00

Male 0.9 0.92 (0.36-2.31)

Stage I-II 1.00

III-IV 0.4 1.53 (0.57-4.07)

ECOG PS 0-1 1.00 1.00

2-3 0.04 3.79(1.06-13.57) 0.02 5.04 (1.25-20.30)

Extranodal 
involvement

No 1.00

Yes 0.3 1.85 (0.64-5.34)

B symptoms No 1.00

Yes 0.3 1.87 (0.53-6.56)

IPI 0-1 1.00 1.00

2-3 0.3 0.58 (0.16-2.00) 0.3 0.51 (0.13-2.03)

4-5 0.04 2.55 (1.05-7.63) 0.3 2.04 (0.40-10.47)

LDH �450 IU/L 1.00

>450 IU/L 0.8 0.85 (0.20-3.69)

CRP �3.0 mg/dL 1.00 1.00

>3.0 mg/dL 0.04 2.88 (1.02-8.14) 0.9 0.99 (0.29-3.78)

NLR �3.0 1.00 1.00

>3.0 0.02 3.07 (1.18-8.01) 0.5 1.48 (0.52-4.25)

PLR �120.0 1.00

>120.0 0.4 1.53 (0.57-4.12)

Lmax �7.0 1.00 1.00

>7.0 0.04 8.78 (1.17-66.20) 0.02 11.12 (1.38-89.61)

BM SUV �1.50 1.00 1.00

>1.50 0.01 3.26 (1.28-8.35) 0.04 3.17 (1.11-9.05)

BLR �0.70 1.00 1.00

>0.70 0.01 5.41 (1.49-19.82) 0.03 4.80 (1.31-20.39)

BM, bone marrow; ECOG PS, Eastern Cooperative Oncology Group performance status; IPI, International Prognostic Index; LDH, lactate 
dehydrogenase; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Lmax, maximum standardized 
uptake value of lymphoma; BM SUV, mean standardized uptake value of bone marrow; BLR, BM SUV-to-liver uptake ratio.



18In general, only mild F-FDG uptake is observed in BM of 
18normal subjects. On the contrary, F-FDG uptake of BM in 

lung cancer patients is signi�cantly higher than that in those 
with benign lung nodules and correlates with serum 
in�ammatory markers [18, 20, 21]. Also, the inter-individual 
variation of BM SUV in patients with various types of disease 

18can be reduced with the correction by the normal liver F-
FDG uptake, which was BLR in the study [11]. Similarly, pre-
vious studies revealed that some lymphoma patients with-

18out BM involvement can display di�usely increased BM F-
FDG uptake, linked to anemia or in�ammatory change [6, 9, 
13]. In our study, BM SUV and BLR in lymphoma patients 
were higher than in normal subjects, regardless of BM 
involvement, and 11.7% of lymphoma patients without BM 
involvement showed BLR>1.0. Furthermore, BM SUV and 
BLR in patients without BM involvement signi�cantly 
correlated with serum in�ammatory markers including 
white blood cells count, NLR, and serum CRP levels, sugges-

18ting that F-FDG uptake of BM can represent the degree of 
the systemic in�ammatory response [18, 21]. 

Diverse innate and adaptive immune cells are present with-
in the tumor microenvironment, and in�ammation in the tu-
mor microenvironment can enhance tumor initiation, prog-
ression, and metastases [22, 23]. Because serum in�amma-
tory markers like serum CRP and NLR, which represent sys-
temic in�ammatory response to cancer cells are signi�cant 
predictors for clinical outcome in lymphoma patients [14, 24], 

18we speculated that BM F-FDG uptake could be signi�cantly 
associated with PFS in lymphoma patients. In a subgroup of 

18lymphoma patients without BM involvement, BM F-FDG 
uptake was signi�cantly associated with PFS. Even though 
patients had no histopathological or clinical evidence of BM 

18involvement, if BM F-FDG uptake in them shows di�usely 
18increased F-FDG uptake, their clinical outcome can be as 

poor as that of the patients with BM involvement. 
Hitherto, most previous studies have evaluated the prog-

nosis of lymphoma patients only according to the status of 
18BM F-FDG uptake and results of BM biopsy, showing wor-

18se prognosis in patients with both focal F-FDG uptake of 
BM on PET/CT and BM involvement on BM biopsy, and have 

18usually considered di�usely increased F-FDG uptake of BM 
as a negative �nding [12, 13]. However, the present study 

18suggests that degree of di�use F-FDG uptake in BM could 
have prognostic value for predicting PFS. The previous stu-
dy by Yang et al. (2015) [10] also measured maximum and 
mean SUV of BM and assessed the prognostic value of BM 
18F-FDG uptake in lymphoma patients. The above authors 
enrolled 34 patients with lymphoma-associated hemopha-
gocytic lymphohistiocytosis and showed that patients with 
high maximum or mean SUV of BM had signi�cantly worse 
survival than those with low maximum or mean SUV. How-
ever, 25 out of 34 patients in their study had BM involvement 

18by BM examinations, and BM F-FDG uptake might have be-
en a�ected by lymphoma involvement. In our study, 
survival analysis was performed in a subgroup of lymphoma 
patients with negative BM involvement, and in this 

18subgroup F-FDG uptake of BM still showed signi�cant as-
sociation with PFS. Bone marrow biopsy in our study was 
performed only in bilateral iliac bones. Considering the 
possibility of sampling errors of BM biopsy [9, 25], BM invol-

vement might have been underestimated by BM biopsy and 
18hidden BM involvement might have in�uenced F-FDG 

uptake of BM and prognosis. 
The present study had several limitations. First, the study 

was retrospective and enrolled a small number of patients 
with heterogeneous lymphoma subtypes at various stages 
in a single institution. Further prospective studies with more 
patients are necessary to con�rm results. Second, increased 

18BM F-FDG uptake in HL caused by red marrow hyperplasia 
has been reported [26]. Fluorine-18-FDG uptake of BM in 
our study might have been a�ected by the status of red mar-
row, although no signi�cant correlation was shown betwe-

18en BM F-FDG uptake and hemoglobin level. Lastly, BM bio-
psy was performed only in bilateral iliac bones and BM invol-
vement might have been missed by the biopsy. Patients 

18with di�usely increased BM F-FDG uptake might have har-
bored lymphoma involvement [6,7,8]. However, BM biopsy 
at a local level reportedly provides an acceptable histopa-

18thological substrate of BM F-FDG uptake [9].
In conclusion, in lymphoma patients with negative BM 

18involvement, BM F-FDG uptake was signi�cantly associ-
ated with white blood cells count, NLR, and serum CRP level 
and was an independent prognostic factor for PFS. Even 

18though lymphoma patients only showed di�use BM F-
FDG uptake without evidence of BM involvement, this study 

18suggests that F-FDG uptake of BM can be a predictor for 
prognosis.
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