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The Clinical Utility of FDG PET-CT in Evaluation of 
Bone Marrow Involvement by Lymphoma

Purpose
Bone marrow biopsy is a standard method for the evaluation of bone marrow infiltration by
lymphoma; however, it is an invasive and painful procedure. Fluorodeoxyglucose positron
emission tomography–computed tomography (FDG PET-CT) is a noninvasive imaging tech-
nique with the potential to detect bone marrow involvement by lymphoma. 

Materials and Methods
We retrospectively reviewed medical records of lymphoma patients. All patients were 
examined by FDG PET-CT and iliac crest bone marrow biopsy for initial staging work-up. 

Results
The study population comprised 94 patients (median age, 60 years; 56 males) with
Hodgkin’s lymphoma (n=8) or non-Hodgkin’s lymphoma (n=86). Maximum standardized
uptake values on the iliac crest of patients with lymphoma infiltrated bone marrow were
significantly higher than those of patients with intact bone marrow (2.2±1.2 g/mL vs.
1.3±0.4 g/mL; p=0.001). The calculated values for FDG PET-CT during evaluation of bone
marrow involvement were as follows: sensitivity 50%, specificity 96%, positive predictive
value 80%, negative predictive value 85%, and positive likelihood ratio (LR+) 11.7. The
value of LR+ was 16.0 in patients with aggressive subtypes of non-Hodgkin’s lymphoma
(NHL). 

Conclusion
FDG PET-CT could not replace bone marrow biopsy due to the low sensitivity of FDG PET-CT
for detection of bone marrow infiltration in lymphoma patients. Conversely, FDG PET-CT had
high specificity and LR+; therefore, it could be a useful tool for image-guided biopsy for 
lymphoma staging, especially for aggressive subtypes of NHL. In addition, unilateral bone
marrow biopsy could be substituted for bilateral bone marrow biopsy in lymphoma patients
with increased FDG uptake on any iliac crest.
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Introduction

Treatment and prognosis of lymphoma strongly depend
on the stage of the disease at the time of diagnosis [1,2]. Bone
marrow (BM) involvement is of crucial importance to staging
of lymphoma since it signifies stage 4 disease and affects both
treatment and prognosis [3,4]. BM biopsy is the established
method for detection of BM involvement [5,6]; however, 
the value of unilateral versus bilateral BM biopsy remains
controversial. 

F-18 fluorodeoxyglucose positron emission tomography–
computed tomography (FDG PET-CT) is noninvasive and
semi-quantitative, and is the most specific and sensitive 
molecular imaging technique for staging and response 
evaluation of lymphoma [7,8]. FDG PET-CT was recently
evaluated as a supplementary lymphoma staging method for
BM involvement in several studies [9]; however, the question
of whether it can reduce the need for BM biopsies at the iliac
crest is still under discussion [10,11]. 

In this study, we assessed the ability of FDG PET-CT to 
ascertain the presence of BM involvement and define 
patients whose bilateral BM biopsies could be replaced by
unilateral biopsy with PET-CT in lymphoma staging.

Materials and Methods

We retrospectively reviewed medical records of histologi-
cally proven lymphoma patients from 2004 through 2009 at
the Hallym University Sacred Heart Hospital. The study 
design was approved by the institutional review board. BM
biopsy was conducted on one side of the dorsal iliac crest
and BM biopsy samples were analyzed following standard
procedures, including formalin fixing and paraffin embed-
ding and staining with hematoxylin and eosin. Additional
immunohistochemical study was performed when neces-
sary. 

All data were acquired on a combined FDG PET-CT in line
system (Discovery ST, General Electronic Medical Systems,
Milwaukee, WI). Patients were studied after a 12-hour fast,
and all had blood glucose levels < 160 mg/dL at the time of
FDG injection. Whole body emission scans were acquired 
beginning at 60 minutes after an intravenous injection of
FDG. 

Pelvic bones were regarded as BM with hematopoietic 
activity during interpretation of FDG PET-CT scans. We used
both qualitative (negative or positive) and semi-quantitative
methods for evaluation of FDG PET-CT. Qualitative PET
data were collected from retrospectively reviewed medical

records, which were reported based on visual comparison of
uptakes between the lesion and normal background by a 
nuclear medicine physician. The absence of tracer uptake or
uptake less than or equal to liver parenchyma intensity in the
BM sites was interpreted as ‘without a possibility’ of 
lymphomatous BM involvement by the nuclear medicine
physician. Uptake of more than liver parenchyma intensity
was interpreted as ‘with a possibility’ of involvement. 
Semi-quantitative PET data were calculated separately by the
same nuclear medicine physician after the beginning of this
study. All detected FDG-avid lesions in the iliac crest were
objectively analyzed by measurement of the calculated 
maximum standardized uptake value (SUVmax), and the
cut-off value for positivity was 2.0 g/mL, which was the 
median value of normal liver parenchyma with the settings
of PET-CT.

Using a BM biopsy as the reference standard, we calcu-
lated the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood
ratio (LR+) for FDG PET-CT during evaluation of BM infil-
tration. 

An independent-samples Mann-Whitney U test was used
to compare the mean scores of two groups on a given vari-
able. The exact logistic regression was used to obtain the
odds ratio. The exact confidence interval (CI) was calculated
for sensitivity, specificity, PPV and NPV. Data were analyzed
using SAS ver. 9.3 (SAS Institute, Cary, NC).

Results

The study population included 94 patients (median age, 
60 years; range, 20 to 80 years; 56 males) with Hodgkin’s 
lymphoma (HL, n=8) or non-Hodgkin’s lymphoma (NHL,
n=86). Patient characteristics are listed in Table 1. Overall BM
involvement, as confirmed by BM biopsy, occurred in 24 
patients; HL (n=2, 25%), NHL (total, n=22, 26%; indolent
NHL, n=4, 36%; moderately aggressive to aggressive NHL,
n=18, 24%). BM involvement was odds 0.98 times greater in
the NHL group than the HL group (95% CI, 0.30 to 2.44). The
moderately aggressive to aggressive NHL group had odds
0.75 times as great as those of the indolent NHL group in BM
involvement (95% CI, 0.35 to 1.70).

Mean SUVmax values on the iliac crest of patients with
lymphoma infiltrated BM were significantly higher than
those of patients with intact BM (2.2±1.2 g/mL vs. 1.3±0.4
g/mL, respectively; p=0.001). The results from subgroup
analysis were as follows: HL with vs. without BM involve-
ment, 2.0±0.4 g/mL vs. 1.4±0.3 g/mL, p=0.14; indolent NHL
with vs. without BM involvement, 1.3±0.1 g/mL vs. 1.3±0.3
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g/mL, p=1.0; moderately aggressive to aggressive NHL with
vs. without BM involvement, 2.4±1.3 g/mL vs. 1.3±0.4 g/mL,
p=0.001. In patients with BM involvement by lymphoma,
values of SUVmax between indolent and moderately aggres-
sive to aggressive NHL groups did not differ significantly
(1.3±0.1 g/mL vs. 2.4±1.3 g/mL, p=0.08). Table 2 shows the
detailed SUVmax values in each lymphoma subtype. The
SUVmax in the extra-marrow site was 10.0±1.2 g/mL (95%
CI, 7.7 to 12.4 g/mL) in patients with lymphoma infiltrated
BM. Among these patients, the SUVmax of the extra-marrow
sites were 6.0±2.0 g/mL in the indolent NHL group and
10.7±2.0 g/mL in the moderately aggressive to aggressive
NHL groups (p=0.047). 

Table 3 shows the calculated sensitivity, specificity, PPV,
NPV values, and likelihood ratios for FDG PET-CT during
evaluation of BM involvement measured based on a semi-
quantitative method. When compared with the semi-quan-
titative method in all patients (Fig. 1), values measured by
the qualitative method were not significantly different (sen-
sitivity, 54%; 95% CI, 33 to 74; specificity, 100%; 95% CI, 95
to 100; PPV, 100%; 95% CI, 75 to 100; NPV, 86%, 95% CI, 77
to 93).

Discussion

BM involvement is one of the most important prognostic
factors in patients with lymphomas. Therefore, BM biopsy
with or without an aspirate is now included as part of the 
essential evaluation for initial staging in patients with 
lymphomas.

Conventional wisdom has long advocated the use of bilat-
eral BM sampling for lymphoma staging with demonstrated
improved detection rates of BM involvement. Brunning et al.
[12] and Coller et al. [13] reported an increased yield of 
10%-22% in bilateral biopsy specimens relative to unilateral
specimens; therefore, bilateral BM biopsy is preferred to 
unilateral BM biopsy for staging evaluation of lymphoma.
However, this is an invasive and painful diagnostic proce-
dure that has side effects (infection, hemorrhage, trauma;
0.12%-0.30%) [14,15]. Moreover, reported rates of unilateral
involvement in bilateral biopsies range from 10% to 50% 
because of the focal BM involvement pattern by lymphoma
[16,17]. Recent data suggest that bilateral sampling is not
mandatory if optimal demonstration of histological BM 
involvement will be obtained with a trephine biopsy from a
single site of ! 20 mm in length [18]. However, obtaining 
adequate samples every time is difficult in a clinical setting.
Accordingly, efforts to establish an alternative or at least a
complementary diagnostic tool to demonstrate lymphoma-
tous BM involvement should be undertaken. Several studies
have defined the role of PET-CT in the detection of lym-
phomatous BM involvement [8,10]. As with a previous 
investigation of PET-CT (PPV 86%) [7], our data demon-
strated that FDG PET-CT had a similar PPV (80%) for detec-
tion of BM infiltration in lymphoma patients. These findings
suggests a new indication for FDG PET-CT for selection of
patients who are candidates for unilateral BM biopsy.

Overall, BM involvement occurs in 30% to 50% of all 
patients with NHL, 40% to 90% of patients with indolent
NHL and 18% to 36% of patients with aggressive NHL
[19,20], which is in accordance with the results of the present
study. Due to ethnic differences, the proportions of HL and
follicular lymphoma patients in our study were small. In 
Korean and western studies, B-cell subtypes comprise the
majority of cells in lymphoma, and diffuse large B-cell 
lymphoma is the most common subtype. Conversely, T-cell
lymphoma is relatively common, while HL (6%) and follicu-
lar lymphoma (5%) are rare [21].

The uptake of FDG was correlated with the histologic
grade of lymphoma and the proliferation rate of malignant
cells [22]. It has been noted that some low grade NHL may
have low or absent FDG uptake, which could limit the use of
FDG PET-CT [23]. These results are concordant with those
of meta-analysis by Pakos et al. [24]. Additionally, our find-

Table 1. Patient characteristics (total group)

Characteristic No. of patients (%)
Total No. of patients 94 (100)
Gender

Male 56 (60)
Female 38 (40)

Age (yr)
Median (range) 60 (20-80)

Lymphoma type
HL 8 (9)
NHL 86 (91)
Diffuse large B-cell lymphoma 53 (
Angioimmunoblastic T-cell lymphoma 9 (
Marginal zone B-cell lymphoma 8 (
NK/T-cell lymphoma 5 (
Other 11 (
Peripheral T-cell lymphoma 2 (
Mantle cell lymphoma      3 (
Anaplastic large cell lymphoma 3 (
Small lymphocytic lymphoma    2 (
Follicular lymphoma                   1 (

HL, Hodgkin’s lymphoma; NHL, non-Hodgkin’s 
lymphoma.
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ings were in accordance with those of previous studies, but
the SUVmax values of extra-marrow were significantly lower
in indolent subtypes than moderately aggressive to aggres-
sive subtypes of NHL. Indolent subtypes had numerically
lower SUVmax at the involved iliac crest than moderately
aggressive to aggressive subtypes of NHL, but this difference
was not significant. Our data showed that, in the HL and 
indolent NHL group, BM involvement by lymphoma did not
influence FDG uptake on iliac crests. However, in moder-
ately aggressive to aggressive subtypes of the NHL group,
SUVmax values of involved marrow were significantly
higher than those of uninvolved marrow (Fig. 2). These find-

ings could be due to there being a small number of patients,
especially HL and indolent lymphoma groups, or because of
differences in the lymphoma involvement pattern between
lymph node and BM. FDG PET-CT would not be useful to
define BM involvement by HL or indolent lymphoma, but
further large scale studies are needed to clarify these find-
ings. 

Meta-analysis revealed that the sensitivity rates of FDG
PET-CT for identification of BM involvement ranged from
0% to 100%, while the respective specificity rates ranged
from 72% to 100% [24]. Our data showed similar sensitivity
(50%) and specificity (96%). With FDG PET-CT, false-positive
results would be increased by other factors such as
chemotherapy, infection, inflammation, hyperplastic mar-
row, and granulocyte colony-stimulating factor administra-
tion [25]. Use of biopsy reference standard may lead to a false
negative result of FDG PET-CT during detection of BM infil-
tration by lymphoma. As noted in another trial [7], the pres-
ent study showed that FDG PET-CT could not replace BM
biopsy due to low sensitivity and that the negative result of
FDG PET-CT could not rule out BM involvement by lym-
phoma. However, FDG-PET scans showed a high specificity
rate of 96% and a LR+ value of 11.7. In the moderately 
aggressive to aggressive NHL group, areas of BM associated
with disease would be 16 times more likely to have positive
FDG uptake than intact BM sites. Therefore, unilateral BM
biopsy of the FDG uptake site could be substituted for bilat-
eral BM biopsy, especially in moderately aggressive to 
aggressive subtypes of NHL patients. Moreover, FDG PET-
CT image-guided unilateral BM biopsy would reduce the

Table 2. SUVmax values on iliac crests in patients with
BM involvement by lymphoma

Lymphoma cell type SUVmax 
(g/mL)

Diffuse large B-cell lymphoma
Case 1 0.8 
Case 2 1.1 
Case 3 1.4 
Case 4 1.6 
Case 5 2.0 
Case 6 3.7 

Angioimmunoblastic T-cell lymphoma
Case 1 1.7 
Case 2 2.1 
Case 3 2.1 
Case 4 2.2 
Case 5 4.4 
Case 6 4.4 

NK/T-cell lymphoma
Case 1 2.2 
Case 2 3.4 
Case 3 3.9 

Marginal zone B-cell lymphoma
Case 1 1.1
Case 2 1.4

Mantle cell lymphoma
Case 1 1.0
Case 2 1.1

Small lymphocytic lymphoma
Case 1 1.2 
Case 2 1.3 

Peripheral T-cell lymphoma
Case 1 4.8 

Hodgkin’s lymphoma
Case 1 1.7 
Case 2 2.3 

SUVmax, maximum standardized uptake value; BM, bone
marrow.
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Fig. 1. Comparison of the sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of fluorodeoxyglucose positron emission tomogra-
phy–computed tomography during detection of bone
marrow involvement between the semi-quantitative and
qualitative method; 95% confidence intervals are 
displayed as a line. 



462 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2015;47(3):458-464

number of painful procedures and side effects. 
Our study is the first to compare semi-quantitative and

qualitative analysis of FDG PET-CT for evaluation of BM 
involvement by lymphoma. Values between semi-quantita-
tive and qualitative methods did not show a significant 

difference. Although the qualitative method is subjective, 
we suggest that, when analyzed by a well trained nuclear
medicine physician, the qualitative method is positively 
correlated with the semi-quantitative method.

Table 3. Calculated values of FDG PET-CT during evaluation of BM involvement by lymphoma

HL Indolent NHL Moderately aggressive to Total   
(n=8) (n=11) aggressive NHL (n=75) (n=94)

Sensitivity 1/2 (50) 0/4 (0) 11/18 (61) 12/24 (50)
Specificity 5/6 (83) 7/7 (100) 55/57 (96) 67/70 (96)
PPV 1/2 (50) 0/0 ( 11/13 (85) 12/15 (80)
NPV 5/6 (83) 7/11 (64) 55/62 (89) 67/79 (85)
LR+ (95% CI) 3.0 (1.7-5.3) NA( 16.0 (8.8-29.2) 11.7 (6.4-21.2)

Values are presented as number (% or range). FDG PET-CT, fluorodeoxyglucose positron emission tomography–computed
tomography; BM, bone marrow; HL, Hodgkin’s lymphoma; NHL, non-Hodgkin’s lymphoma; PPV, positive predictive value;
NPV, negative predictive value; LR+, positive likelihood ratio (sensitivity/1-specificity); CI, confidence interval; NA, not avail-
able.

Fig. 2. A 40-year-old female patient with angioimmunoblastic T-cell lymphoma. (A) Maximum intensity projection of positron
emission tomography–computed tomography (PET-CT) shows multiple enlarged lymph nodes with increased fluo-
rodeoxyglucose (FDG) uptake in the bilateral neck, axillar, retroperitoneal, iliac, and inguinal areas. Increased FDG uptakes
in both lower lung fields suggest lung involvement. Transaxial PET (B) and fusion PET-CT (C) images demonstrate mild 
increased FDG uptake in bone marrow of iliac crests (arrows). The maximum standardized uptake value at the posterior
iliac crest is 2.2 g/mL on the right and 2.4 g/mL on the left, respectively.

B

A C
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