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Abstract

Öz

Objective: Bone marrow infiltration (BMI) affects the stage diagnosis,
and treatment of lymphoma. We aimed to evaluate the performance
of bone marrow biopsy (BMB) and positron emission tomographycomputed tomography (PET/CT) in detecting BMI in lymphoma
patients.

Amaç: Kemik iliği infiltrasyonu (Kİİ), lenfoma evresini, sağkalımı ve
tedaviyi etkiler. Lenfoma hastalarında Kİİ’yi saptamada kemik iliği
biyopsisi (KİB) ve pozitron emisyon tomografi-bilgisayarlı tomografinin
(PET/BT) performanslarını değerlendirmek istedik.

Materials and Methods: A total of 269 non-Hodgkin’s lymphoma
(NHL) and 110 Hodgkin’s lymphoma (HL) patients were evaluated
retrospectively. Sensitivity, negative predictive value (NPV), and
accuracy were calculated for PET/CT and BMB in detecting BMI.
Results: Sensitivity, NPV, and accuracy for PET/CT in detecting BMI in
NHL cases were 65%, 78%, and 84.4%, respectively, while they were
55%, 73.4%, and 79.9% for BMB. PET/CT performance for diffuse
large B-cell lymphoma and follicular lymphoma was better than that
of BMB, whereas the performance of BMB was better for mantlecell lymphoma, Burkitt’s lymphoma, and primary mediastinal B-cell
lymphoma. Sensitivity, NPV, and accuracy for PET/CT in HL cases were
91.3%, 97.75%, and 98.18%, respectively, while they were 56.52%,
89.69%, and 90.91% for BMB. Due to BMB, 43 (15.9%) patients in
the NHL group and 2 (1.8%) patients in the HL group were protected
from downstaging.
Conclusion: Although their results vary according to NHL subtypes,
PET/CT and BMB are complementary methods in determining BMI. In
HL, PET/CT is an important diagnostic tool for detecting BMI, and BMB
is not necessary in a significant proportion of cases.
Keywords: Lymphoma, Bone marrow infiltration, PET/CT, Bone marrow
biopsy

Gereç ve Yöntemler: İki yüz altmış dokuz non-Hodgkin lenfoma (NHL)
ve 110 hodgkin lenfoma (HL) hastası retrospektif olarak değerlendirildi.
Kİİ’yi saptamada PET/BT ve KİB için duyarlılık, negatif prediktif değer
(NPD) ve doğruluk hesaplandı.
Bulgular: NHL olgularında Kİİ’yi saptamada PET/BT için duyarlılık, NPD
ve doğruluk sırasıyla %65, %78 ve %84,4 iken KİB için %55, %73,4
ve %79,9 idi. Diffüz büyük B-hücreli lenfoma ve folliküler lenfoma
için PET/BT performansı KİB’den daha iyi iken; mantle-cell lenfoma,
Burkitt’s lenfoma ve primer mediastinal B-hücreli lenfomada KİB
performansı daha iyiydi. HL olgularında PET/BT için duyarlılık, NPD ve
doğruluk sırasıyla %91,3, %97,75 ve %98,18 iken KİB için %56,52,
%89,69 ve %90,91 idi. KİB yapılması ile NHL grubunda 43 (%15,9),
HL grubunda ise 2 (%1,8) olgunun düşük evrelenmesinden korunmuş
olundu.
Sonuç: Kİİ’yi saptamada NHL alt tiplerine göre değişmekle birlikte
PET/BT ve KİB birbirini tamamlayıcı yöntemlerdir. HL’de ise Kİİ’yi
saptamak için PET/BT önemli bir tanı aracıdır ve KİB olguların önemli
kısmında gerekli değildir.
Anahtar Sözcükler: Lenfoma, Kemik iliği infiltrasyonu, PET/BT, Kemik
iliği biyopsisi
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Introduction
Lymphoma prognosis and treatment largely depend on the stage
at the time of diagnosis [1,2]. Bone marrow infiltration (BMI) is
critical in lymphoma staging, treatment selection, and prognosis
as it is considered a stage 4 disease [3]. Bone marrow biopsy
(BMB) has been considered the gold standard for detecting
BMI until recently, despite the obvious disadvantages of being
an invasive method, being painful, and causing procedural
anxiety, bleeding, and fractures at the biopsy site [4,5]. 18-F
fluorodeoxyglucose (FDG) positron emission tomography with
computed tomography (PET/CT) is a non-invasive method for
detecting extramedullary disease and evaluating whole-body
bone marrow. These advantages have been suggested to make
PET/CT the gold-standard method for staging lymphoma and
evaluating response to treatment, as well as for PET/CT to replace
BMB for bone marrow evaluation [6]. Although the ability of
PET/CT to evaluate BMI has been investigated in several studies
recently, it is still a matter of debate whether it can replace BMB
[7,8,9,10]. In this study, we aimed to compare the diagnostic
value of PET/CT and BMB in the detection of BMI in newly
diagnosed non-Hodgkin’s lymphoma (NHL) and 110 Hodgkin’s
lymphoma (HL) patients.

Materials and Methods
Study Design and Patients
This was a single-center retrospective study. In 2011-2018, in
the Medical Oncology Department of Çukurova University,
patients who were diagnosed with HL or NHL over the age of 18
and who underwent BMB and PET/CT as a part of pretreatment
staging were included in the study. The time interval between
the two procedures was a maximum of 2 weeks, and the
patients did not use corticosteroid or chemotherapy before
both procedures and they did not have any other malignancies.
Infection, anemia, and other pathological conditions that may
cause false-positive results on PET/CT imaging were excluded by
performing complete blood counts, biochemical tests, cultures,
and physical examinations. In addition, patients who underwent
blood transfusion prior to PET/CT were excluded. Medical records
of 401 patients were reviewed and the subgroups of lowgrade NHL, chronic lymphocytic leukemia/small lymphocytic
lymphoma, and nodular lymphocyte-predominant HL were
excluded. For the NHL group, diffuse large B-cell lymphoma
(DLBCL), grade 3 follicular lymphoma, mantle cell lymphoma,
Burkitt’s lymphoma, and primary mediastinal large B-cell
lymphoma (PMBCL) subtypes were included in the study. Results
of 269 NHL and 110 HL patients were evaluated. The patients
were staged according to the Ann Arbor staging system.
Bone Marrow Biopsy
All BMB and aspiration samples were taken unilaterally from
the dorsal iliac crest, 10-15 mm in size and untargeted, and
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routinely fixed in formol and embedded in paraffin. They
were then stained with hematoxylin-eosin and Giemsa and
morphologically evaluated by experienced hematopathologists
in our center. As a rule, all samples were stained with CD19 and
CD20 for B cell origin, CD3 and CD5 for T-cell origin, and CD15
and CD30.
18F-FDG PET/CT
Patients fasted for at least 6 h and serum glucose levels were
below 120 mg/dL in all patients. 18F-FDG PET/CT scans were
acquired 60-90 min after intravenous administration of 18F-FDG
(350-370 MBq) and performed as whole-body scans (from the
base of the skull to mid-thigh). 18F-FDG PET/CT images were
obtained using combined PET/CT Siemens equipment (Biograph
6, Siemens Medical Systems USA). Both the PET and CT scans were
obtained during normal tidal breathing. The total acquisition
time varied between 25 min and 35 min per patient. PET images
were reconstructed with CT-derived attenuation correction
using the ordered subset expectation maximization algorithm.
The attenuation-corrected PET images, CT images, and fused
PET/CT images displayed as coronal, sagittal, and transaxial slices
were viewed on a Symbia workstation (Siemens Healthcare). All
PET/CT images were assessed for BMI by experienced nuclear
medicine physicians without the results of the BMBs. Most of
the image interpretation was performed through qualitative
(visual) analysis, considering the presence or absence of BMI
using glucose activity in the liver as a reference. PET/CT is highly
sensitive in demonstrating bone marrow focal involvement in
patients with aggressive NHL and HL. As previously described,
PET/CT was considered positive when there was focal or
multifocal bone marrow or bone involvement [11]. Diffuse BMI
in PET/CT was not considered positive because it may be due to
inflammation or benign causes [12,13].
Statistical Analysis
The diagnosis of BMI by lymphoma was made by either positive
BMB or positive PET/CT [14]. Accuracy was calculated according
to the formula (TP+TN)/(TP+TN+FP+FN), while sensitivity was
calculated according to the formula (TP/TP+FN). The negative
predictive value (NPV) was calculated using (TN/TN+FN).
Here, TP denotes true positive cases, TN true negative cases, FP
false positive cases, and FN false negative cases. Since BMB or
PET/CT positivity indicates BMI, the positivity of the test
performed for it was considered as true positive. Patients with
both tests negative were considered as true negative. If one test
was positive and the other negative, it was considered as false
negative. Since all positive results were considered significant
for that test, no false positive results were accepted. Median
and range values for continuous variables and percentages for
categorical variables are reported. Differences between groups
were tested by the chi-square method. Nominal values were
compared using kappa statistics, and p<0.05 was considered
221
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statistically significant. Statistical analysis was done with SPSS
software.

Results
A total of 269 patients with NHL and 110 patients with HL were
included in the study. Their clinical and demographic features
are shown in Table 1.

Sensitivity, Negative Predictive Value, and Accuracy of PET/CT
and BMB

Group I - NHL
The median age of NHL patients at diagnosis was 52 years (range:
18-80). In this group, 159 patients were male and 110 patients
were female. Sixty-six of the patients (24.5%) had BMI in the
BMB, and 78 (28.9%) had BMI according to PET/CT findings.
Thirty-eight of 78 patients had focal involvement, while 40
patients had multifocal involvement. Focal involvement was
observed in 10 of 24 patients who were found to be BMI-positive
according to both BMB and PET/CT findings, and multifocal
patterns were observed in 14 of these cases.
Impact of PET/CT and BMB Findings on Staging
According to PET/CT findings, 45 patients were evaluated as
stage 1, 58 patients as stage 2, 101 patients as stage 3, and
65 patients as stage 4. Six patients with stage 1, 7 patients
with stage 2, and 30 patients with stage 3 were evaluated as
stage 4 because of having positive BMB. Due to the BMB, 42
Table 1. Baseline characteristics of patients included in the
study.
NHL

HL

Male

159

70

Female

110

40

Median

52

38

Range

18-80

19-79

I

45

7

II

58

29

III

101

52

IV

65

23

Follicular lymphoma G3

34

Mantle cell lymphoma

24

Burkitt’s lymphoma

12

PMBCL

13

Sex

Age, years

Stage (Ann Arbor classification)

Nodular sclerosis

79

Mixed cellularity

22

Lymphocyte-rich

5

Lymphocyte-depleted

4

NHL: Non-Hodgkin’s lymphoma; HL: Hodgkin’s lymphoma; DLBCL: diffuse large B-cell
lymphoma; G3: grade 3; PMBCL: primary mediastinal large B-cell lymphoma.

222

patients (15.6%) were upstaged compared to the PET study. Of
these patients, 28 had DLBCL, 4 had follicular lymphoma, 8 had
mantle cell lymphoma, 1 had Burkitt’s lymphoma, and 1 had
PMBCL subtype. Due to PET/CT, meanwhile, 54 patients (20.1%)
were upstaged compared to BMB. Of these patients, 36 had
DLBCL, 9 had follicular lymphoma, 7 had mantle cell lymphoma,
1 had PMBCL, and 1 had Burkitt’s lymphoma subtype.

Both PET/CT and BMB were positive in 24 patients. In 54
patients, BMB was negative while PET/CT was positive, and in
42 patients, PET/CT was negative while BMB was positive. The
PET/CT sensitivity was 65% [95% confidence interval (CI):
55.76-73.48] and the NPV was 78.13% (95% CI: 73.67-82.01).
The sensitivity and NPV of BMB were 55% (95% CI: 45.65-64.09)
and 73.53% (95% CI: 69.51-77.2), respectively. PET/CT accuracy
was 84.44% (95% CI: 79.56-88.55), whereas the accuracy of
BMB was 80% (95% CI: 74.72-84.6). When the performance
of the three measurements (sensitivity, NPV, and accuracy)
in all patient subgroups was evaluated, PET/CT was found to
be superior to BMB for the DLBCL and follicular lymphoma
subtypes, whereas for the mantle cell lymphoma, Burkitt’s
lymphoma, and PMBCL subtypes BMB was superior to PET/CT.
The values of all measurements in the NHL subgroups are shown
in Table 2. In this group of patients, a statistically significant
concordance was seen between BMB and PET/CT with respect to
BMI (kappa value: 0.125; p<0.001).
Group II - Hodgkin’s Lymphoma
In this group, 110 patients were evaluated and the median age
was 38 years (range: 19-79). Forty patients were female and 70
patients were male. While 13 (11.8%) of the patients had BMI in
BMB, 21 (19.1%) patients had BMI according to PET/CT findings.
Fourteen of 21 patients had focal involvement and 7 patients
had multifocal involvement. In the 11 patients who had both
positive BMB and PET/CT, there was focal involvement in 8 of
them and multifocal involvement in 3 of them in PET/CT. Of 10
patients who were negative for BMB but positive for PET/CT, 8
had focal involvement and 2 had multifocal involvement.
Impact of PET/CT and BMB Findings on Staging
According to PET/CT findings, 7 patients were evaluated as stage
1, 29 patients as stage 2, 52 patients as stage 3, and 23 patients
as stage 4. Two patients, one with stage 2 and the other one with
stage 3, were considered to be stage 4 because of positive BMB.
With BMB, 2 (1.8%) patients were protected from downstaging.
Sensitivity, Negative Predictive Value, and Accuracy of PET/CT
and BMB
Both PET/CT and BMB were positive in 11 patients. BMB was
negative in 10 patients while PET/CT was positive, and in 2
patients BMB was positive while PET/CT was negative. PET/
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Table 2. Performance of BMB and PET/CT in determining BMI in NHL patients.
Total (n=269)

DBLCL (n=186)

Follicular
lymphoma G3
(n=34)

Mantle cell
lymphoma (n=24)

Burkitt’s
lymphoma
(n=12)

PMBCL
(n=13)

BMB

55 (45.7-64)

47 (35.9-58.2)

60 (32.3-83.7)

85.7 (57.2-98.2)

66.7 (9.4-99.2)

66.7 (9.4-99.2)

PET/CT

65 (55.8-73.5)

72.3 (61.4-81.6)

66.7 (38.4-88.2)

42.9 (17.7-71.1)

33.3 (0.8-90.6)

33.3 (0.8-90.6)

BMB

73.4 (69.4-77.1) 70.1 (65.7-74.1)

75 (61.7-84.8)

83.3 (58-94.7)

88.9 (61.7-97.5)

90.9 (66.9-98)

PET/CT

78 (73.5-81.9)

78.3 (63.8-88)

55.6 (44.3-66.3)

80 (64.2-90)

83.3 (69.2-91.8)

BMB

79.9 (74.6-84.5) 76.3 (69.6-82.2)

81.8 (64.5-93)

91.7 (73-99)

90.9 (58.7-99.8)

92.3 (64-99.8)

PET/CT

84.4 (79.5-88.5) 87.6 (82-92)

84.8 (68.1-94.9)

66.7 (44.7-84.4)

81.8 (48.2-97.7)

84.6 (54.5-98)

CI 95%

Sensitivity

NPV

Accuracy

81.7 (76-86.4)

NHL: Non-Hodgkin’s lymphoma; BMB: bone marrow biopsy; BMI: bone marrow involvement; CI: confidence interval; DBLCL: diffuse large B-cell lymphoma; G3: grade 3; NPV: negative
predictive value; PMBCL: primary mediastinal large B-cell lymphoma; PET/CT: positron emission tomography-computed tomography.

CT sensitivity was 91.3% (95% CI: 71.96-98.93) and NPV was
97.75% (95% CI: 92.05-99.39). The sensitivity and negative
predictive value of BMB were 56.52% (95% CI: 34.49-76.81) and
89.69% (95% CI: 84.52-93.27), respectively. PET/CT accuracy
was 98.18% (95% CI: 93.59-99.78), while the accuracy of BMB
was 90.91% (95% CI: 83.92-95.55). A comparison of BMB and
PET/CT results in detecting BMI in the whole patient population
is shown in Table 3. The concordance between BMB and PET/CT
with respect to BMI in this group of patients was also found to
be significant (kappa value: 0.215; p<0.001).

Discussion
In our NHL and HL series of 379 patients, we evaluated the
performance of PET/CT and BMB in detecting BMI at the time of
diagnosis. Our results reveal that PET/CT has a high accuracy rate
in showing BMI in HL patients and significantly eliminates the
need for BMB in this group of patients. However, this does not
apply to the NHL patient group. BMB, which plays an important
role in lymphoma staging, is an invasive method based on the
examination of a very small area. BMI ascertained by BMB is
Table 3. Detection of bone marrow involvement in lymphoma
cases.
Patient group

PET/CT

Bone marrow biopsy
Positive

Negative

NHL

Positive
Negative

29 (10.8%)
43 (15.9%)

54 (20.1%)
143 (53.2%)

HL

Positive
Negative

11 (10%)
2 (1.8%)

10 (9.1%)
87 (79.1%)

NHL: Non-Hodgkin’s lymphoma; HL: Hodgkin’s lymphoma; PET/CT: positron emission
tomography-computed tomography.

detected in approximately 3%-18% of HL cases [15], while it
is observed in NHL at rates between 29% and 69% [16]. In our
study, while BMI ascertained by BMB was found to be 24.5%
in NHL patients, this rate was 11.8% in HL patients. PET/CT is
a highly sensitive and specific imaging method for detecting
extranodal involvement and monitoring response to treatment
[17,18]. In our study, 28.9% of NHL patients and 19.1% of HL
patients were found to have BMI via PET/CT. The PET/CT BMI
rates that we identified were lower than those found by Özpolat
et al. [19], who detected BMI by PET/CT in 50% of NHL patients
and 62% of HL patients. Statistically significant concordance
was found between PET/CT and BMB according to BMI in both
patient groups. As in the study conducted by Çetin et al. [20],
concordance in the HL patient group was stronger than in the
NHL patient group. Looking at the whole patient group and
subgroups of NHL, we find quite interesting results. First of all,
15.6% of patients with histologically proven BMI identified by
BMB could not be confirmed by PET/CT. If the BMB had not
been performed, there would have been a risk of downstaging
and under-treatment. In the whole group of patients with
NHL, although the performance of PET/CT in DLBCL and
follicular lymphoma grade 3 subtypes was better than BMB
in determining BMI, BMB was more successful for mantle cell
lymphoma, Burkitt’s lymphoma, and PMBCL subtypes. In the
study conducted by Chen-Liang et al. [21], which calculated
performance criteria using a similar method, BMB was more
successful in detecting BMI in the entire NHL patient group,
in follicular lymphoma grade 3, and in mantle cell lymphoma
compared to PET/CT, while for DLBCL and Burkitt’s lymphoma,
PET/CT was found to be more successful. Similar to our results,
in this study, there was over 60% sensitivity in detecting BMI
using PET/CT in DLBCL, which is the largest subgroup of NHL.
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As suggested by the latest Lugano classification [22], it would
be appropriate to remove routine BMB from staging in DLBCL
cases when PET/CT is positive for BMI. On the other hand, if
PET/CT is negative for BMI, BMB should be recommended to
these patients, considering that 15.6% histologic discordance
would affect patient management. These recommendations are
valid for the follicular lymphoma grade 3 subgroup with similar
results in our study. A combination of PET/CT and BMB will be
appropriate for the staging of subtypes of mantle cell lymphoma,
Burkitt’s lymphoma, and PMBCL with PET/CT sensitivity below
45% in BMI detection.
The sensitivity of PET/CT in detecting BMI in HL is considerably
higher than that of BMB. Considering the small number
of patients who will not receive optimal treatment due to
downstaging, the need for BMB seems to have disappeared
during routine HL staging, consistent with recent studies
[23,24]. However, BMB should be recommended in patients with
cytopenia and negative PET/CT.
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