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Abstract We aimed to demonstrate whether PET-CT can
replace bone marrow biopsy in detecting bone marrow
involvement in subtypes of lymphoma. In addition, we
aimed to also reveal whether there is a difference between
the mean survival of patients with bone marrow involve-
ment via PET-CT or biopsy. A total of 276 newly diag-
nosed lymphoma patients who underwent bone marrow
biopsy and PET-CT prior to the treatment were scanned
retrospectively. Bone marrow biopsy was used as the
standard method to investigate the presence of bone mar-
row involvement in PET-CT. The relationship between
bone marrow involvement and mean survival was com-
pared using both methods. Out of the 276 patients, bone
marrow involvement was detected with PET-CT and with
biopsy, respectively in 56 patients (20.2%) and in 78
patients (28.2%). In terms of PET-CT’s accuracy with
respect to revealing bone marrow involvement, the highest
rates were achieved respectively in diffuse large B cell
lymphoma (DLBCL) (87.4%) and Hodgkin lymphoma
(HL) (77.7%). In both the PET-CT and bone marrow
biopsy methods, Overall Survival (OS) was found to be
significantly shorter in patients with involvement than in
patients without involvement (P: 0.001). PET-CT may
replace bone marrow (BM) biopsy in detecting the bone
marrow involvement in aggressive lymphoma subtypes
such as DLBCL and HL. The presence of BM involvement
at the time of diagnosis in both PET-CT and BM biopsy is
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associated with poor prognosis, and OS is short in this
group.
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Biopsy - Overall survival - Lymphoma

Introduction

Lymphomas, the prevalence of which increase nowadays,
are clonal malignancies that originate from lymphocytes (T
and B) and natural killer cells [1]. Lymphoma has various
morphological, immunophenotypic and clinical prognoses
depending on the cells from which it has originated.
Demonstration of bone marrow involvement at the time of
diagnosis is an important step in making the treatment
decision. According to the Ann Arbor staging system, BM
involvement increases the disease to a stage 4 disease and it
is associated with short survival along with B symptoms
[2]. PET-CT is widely used in staging of lymphoma
patients with high sensitivity and specificity [3]. In addi-
tion, unilateral biopsy is routinely conducted on the pos-
terior iliac crest to demonstrate the bone marrow
involvement. However, the bone marrow involvement rate
with bilateral biopsy is 10-60% more compared to the bone
marrow involvement with unilateral biopsy [4, 5].
Screening of a limited region of the bone marrow leads to
false negativity in patients with involvement pattern, such
as focal involvement [6, 7]. Furthermore, bone marrow
biopsy is a painful, hemorrhagic and anxiety-causing
interventional procedure [8].

PET-CT is a non-invasive method. It demonstrates bone
marrow involvement of various lymphoma subtypes with
high sensitivity and specificity. Bone marrow infiltration
manifests itself with greater FDG (fluorodeoxyglucose)
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uptake in the bone marrow than in the liver [9]. Both focal
and diffuse bone marrow lesions can be detected by FDG-
PET [10]. However, false positive results may occur in
cases such as infection, inflammation, and anemia [11].
In this study, we aimed to compare the BM biopsy and
PET-CT methods in the detection of bone marrow
involvement in lymphoma patients, who have not been
treated before, and to determine the lymphoma subtypes in
which PET-CT can replace the BM biopsy. In this context,
we wanted to determine whether there is a difference in
survival between the groups, in which the bone marrow
involvement was detected with either PET-CT or biopsy.

Materials and Methods
Patients

437 newly diagnosed lymphoma between July 2010 and
December 2018 were retrospectively enrolled in this study
from 1 tertiary center of Antalya. The inclusion criteria
were recent diagnosis and histology proven Hodgkin
lymphoma (HL) or non-Hodgkin lymphoma (NHL) and did
not have other concomitant malignancies. Patients 18 years
old and older were included in the study if both BMB and
PET/CT were performed simultaneously as part of the
routine pre-therapy. The maximum interval between PET/
CT scan and BMB was 15 days. The staging of each
patient was based on the Ann Arbor staging system. This
retrospective study was approved by The Local Ethics
Committee of our university and followed the principles of
the Declaration of Helsinki.

Bone Marrow Biopsy

Unilateral BM biopsy was routinely obtained from the
posterior iliac crest before any treatment was administered
and interpretation was performed by experienced
hematopathologist. The BMB specimens were analyzed by
morphological and immunohistochemical studies. Flow
cytometry or molecular analysis were not used for the
analysis.

The 'F-FDG PET/CT Scanning

Patients were asked to fast for 4-6 h before '*F-FDG PET/
CT scanning. Intravenous 0.1-0.2 mCi/kg '*F-FDG was
administered to each patient with a blood glucose level
below 120 mg/dL. Approximately 60 min after '*F-FDG
injection, PET/CT scan from the vertex to the distal femur
was performed with Siemens (Molecular Imaging, Siemens
Medical Solutions Inc., Malvern, PA, USA) The result of
each PET/CT was carefully reviewed by an experienced

nuclear medicine physician. In visual assessment, bone
marrow metabolic activity that is greater than the liver was
considered to be bone marrow involvement.

Statistical Analysis

Clopper—Pearson exact confidence limits were calculated
for sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy. The com-
paring difference between patients with PET-CT involve-
ment according to diagnosis and overall survival values
according to bone marrow biopsy involvement was per-
formed by the Kruskal-Wallis test with post hoc analysis.
The comparison of the subgroup data was performed using
the Chi Square test. Overall survival analyzes were con-
ducted by Kaplan—-Meier method, whereas the difference
between the groups was calculated by log-rank test. Sta-
tistical analysis was done using SPSS software (IBM SPSS
Statistics 22, IBM Corporation, Chicago, IL). The P value
for statistical significance was set to P < 0.05.

Results

Out of the 437 patients, whose files were retrospectively
scanned, a total of 276 patients that underwent PET-CT for
staging purposes and underwent unilateral BM biopsy prior
to the treatment were included in the study. 127 of these
patients had DLBCL (46.0%). The distribution of demo-
graphic and clinical characteristics according to the diag-
noses is shown in Table 1. B symptoms were positive
(71.1%) at most in patients diagnosed with DLBCL. At the
time of diagnosis, low grade lymphomas are generally
diagnosed as advanced stage (stage IV) (72.4%).

56 patients were found to have bone marrow involve-
ment (20.2%) via the PET-CT and 78 patients were found
to have bone marrow involvement (28.2%) via the bone
marrow biopsy. When lymphoma subtypes were consid-
ered, PET-CT detected positive bone marrow involvement
in more patients compared to biopsy, in the Hodgkin
lymphoma group alone. Bone marrow involvement in
terms of diagnoses via PET-CT and bone marrow biopsy is
given in Table 2. Bone marrow biopsy didn’t detect any
bone marrow involvement in 9 patients out of the 14
Hodgkin lymphoma patients, who were found to have bone
involvement via PET-CT. On the other hand, PET-CT
didn’t detect any bone marrow involvement only in 1
patient out of the 6 Hodgkin lymphoma patients, who were
found to have bone involvement via the BM biopsy. The
two methods have been found to be incompatible respec-
tively in 16 of 127 patients diagnosed with DLBCL, in 17
of 46 patients diagnosed with FL, and in 19 of 58 patients
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Table 1 Demographic and

i .. Tan1
clinical characteristics of

Clinical status N:276 (100%)

patients according to lymphoma

Hodgkin lymphoma (n = 45)
subtypes

Follicular lymphoma (n = 46)

Diffuse large B-cell lymphoma (n = 127)

Other non-Hodgkin lymphomas (n = 58)

Female n (%) 15 (33.3)
Median Age 41.0(19.0-77.0)
Presence of symptom B n (%) 32 (71.1)
Presence of bulky mass n (%) 14 (31.1)

Stage 12.2)

In (%)

II n (%) 17 (37.8)

I n (%) 11 (24.4)

IV n (%) 16 (35.6)
Female n (%) 23 (50.0)
Median age 60.0 (32.0-85.0)
Presence of symptom B n (%) 21(45.7)
Presence of bulky mass n (%) 16 (34.8)

Stage

In (%) 3 (6.5)

II n (%) 5(10.9)

Il n (%) 15 (32.6)

IV n (%) 23 (50.0)
Female n (%) 57 (44.9)
Median age 58.0 (18.0-86.0)
Presence of symptom B n (%) 77 (60.6)
Presence of bulky mass n (%) 59 (46.5)

Stage

In (%) 5 3.9

II n (%) 42 (33.1)

Il n (%) 51 (40.2)

IV n (%) 29 (22.8)
Female n (%) 13 (22.4)
Median age 63.5 (20.0-85.0)
Presence of symptom B n (%) 26 (44.8)
Presence of bulky mass n (%) 13 (22.4)

Stage

In (%) 234

I n (%) 4(6.9)

Il n (%) 10 (17.2)

IV n (%) 42 (72.4)

diagnosed with low grade lymphomas [(NHL (Non-
Hodgkin Lymphomas)].

Histopathological examination of bone marrow biopsy
is the gold standard method in diagnosis in terms of
specificity. Compared to the demonstration of bone marrow
involvement using the bone marrow biopsy method, the
specificity, sensitivity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy values cal-
culated according to the patients’ diagnoses, in connection
with the PET-CT method in terms of demonstration of
bone marrow involvement are shown in Table 3. The
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subgroups, where PET-CT had the highest values in terms
of sensitivity and specificity, were Hodgkin lymphoma
(83.3%) and DLBCL (96.3%), respectively. The negative
predictive value was found to be 96.7% in the Hodgkin
lymphoma subgroup. When the accuracy of PET-CT in
demonstrating the bone marrow involvement is considered,
the highest rate was achieved in DLBCL (87.4%) and
Hodgkin lymphoma (77.7%) subgroups.

In the group, in which bone marrow involvement was
detected by both PET-CT and BM biopsy, overall survival
(OS) rate in patients was found to be significantly short.
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;igllf/:mf::nii rli’l};{;?‘gT and/or Hodgkin Lymphoma Involvement in bone marrow biopsy
bone marrow biopsy according Involvement in PET-CT Positive Negative Total
to lymphoma subtypes Positive 5 9 14
Negative 1 30 31
Total 6 39 45
Follicular lymphoma Involvement in bone marrow biopsy
Involvement in PET-CT Positive Negative Total
Positive 6 4 10
Negative 13 23 36
Total 19 27 46
DLBCL Involvement in bone marrow biopsy
Involvement in PET-CT Positive Negative Total
Positive 7 4 11
Negative 12 104 116
Total 19 108 127
NHL (other lymphomas) Involvement in bone marrow biopsy
Involvement in PET-CT Positive Negative Total
Positive 18 3 21
Negative 16 21 37
Total 34 24 58

Table 3 Specificity, sensitivity, PPV, NPV, accuracy values calculated on the basis of these results of the patients and according to their

diagnoses

Diagnosis % (95% confidence interval)

Sensitivity

Specificity

PPV

NPV

Accuracy

Hodgkin lymphoma
Follicular lymphoma
DLBCL

NHL (other lymphomas)

83.3 (35.8-99.5)
31.5 (12.5-56.5)
36.8 (16.2-61.6)
52.9 (35.1-70.2)

76.9 (60.6-88.8)
85.1 (66.2-95.8)
96.3 (90.7-98.9)
87.5 (67.6-97.3)

35.7(22.0-52.1)
60.0 (32.8-82.1)
63.6 (36.1-84.3)
85.7 (66.5-94.7)

96.7 (83.2-99.4)
63.8 (55.6-71.3)
89.6 (85.9-92.4)
56.7 (47.1-65.9)

77.7 (62.9-88.8)
63.0 (47.5-76.7)
87.4 (80.3-92.6)
67.2 (53.6-78.9)

NPV negative predictive value, PPV positive predictive value

(P:0.001). OS values that have been determined according
to bone marrow involvement detected by both PET-CT
and biopsy methods are given in Fig. 1. When the lym-
phoma subtypes were considered separately, the OS of the
group, which has been diagnosed with DLBCL and
detected to have bone marrow involvement via both PET—
CT and biopsy, was found to be significantly shorter than it
was in the other groups (P = 0.002). As summarized in
Table 4, no significant relationship was found in the other
groups.

The differences between the OS values determined on
the basis of the patients’ diagnoses, according to whether
the bone marrow involvement was detected by PET-CT
and/or bone marrow biopsy were given in Table 4.

Cum Survival

0.9

0,87

Survival Function

PET_BX_ORTAK

{—="1PET NEGATIF BX NEGATIF
PET NEGATIF BX POZITF
PET POZITIF BX NEGATIF

{=1PET POZITIF BX POZITIF

Fig. 1 Kaplan—Meier curve for OS on the basis of the bone marrow
involvement detected by PET-CT and/or BM biopsy
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Table 4 The differences

between the OS values Diagnosis Type of mvolvement OS* P**
determined on the basis of the Hodgkin lymphoma PET-CT + Biopsy — (n = 9) 46.9 (11.0-148.0)
diagnoses, according to the bone .
marrow involvements detected PET-CT — Biopsy — (n = 30) 47.9 (11.0-158.0) 0.063
by PET-CT and bone marrow PET-CT + Biopsy + (n =5) 13.2 (7.0-27.0)
biopsy PET-CT — Biopsy + (n = 1) 62.0 (62.0-62.0)
Follicular lymphoma PET-CT + Biopsy — (n =4) 35.0 (30.0-42.0)
PET-CT — Biopsy — (n = 23) 36.5 (4.0-103.0) 0.772
PET-CT + Biopsy + (n = 6) 17.5 (4.0-76.0)
PET-CT — Biopsy + (n = 13) 35.0 (1.0-74.0)
DLBCL PET-CT + Biopsy — (n = 4) 10.0 (2.0-37.0)
PET-CT- Biopsy — (n = 104) 36.0 (1.0-107.0) 0.002
PET-CT + Biopsy + (n=7) 17.0 (0.0-87.0)
PET-CT — Biopsy + (n = 12) 12.5 (4.0-60.0)
NHL (other lymphomas) PET-CT + Biopsy — (n = 3) 6.2 (2.0-19.0)
PET-CT — Biopsy — (n = 21) 19.4 (0.0-93.0) 0.335
PET-CT + Biopsy + (n = 18) 36.6 (1.0-61.0)
PET-CT — Biopsy + (n = 16) 35.9 (6.0-84.0)
* median times were given
** kruskal-wallis test was performed
Discussion biopsy if PET-CT reveals any bone marrow involvement

The results of this single-center retrospective study
revealed that PET-CT may have a high level of accuracy in
detecting bone marrow involvement in patients with HL
and DLBCL. Even though we accept bone marrow biopsy
as the gold standard method in demonstrating the bone
marrow involvement, the fact it yields false negative
results in focal lesions is among the most important reasons
that limit our study. However, biopsy is the only method
that can be used to differentiate bone marrow involvement
of lymphoma from the benign involvement.

The frequency of bone marrow involvement in the
subtypes of lymphoma varies in various studies. Bone
marrow involvement rate in HL patients was detected to be
in the range of 6-14% in the previously conducted studies,
whereas we found this rate to be 13.3% in our study
[12, 13]. As it was the case in the previously conducted
studies, bone marrow involvement rates detected via PET—
CT in our studies were found to be higher than those
detected via biopsy [12, 14-16]. Biopsy revealed bone
marrow involvement in 6 patients, whereas PET-CT was
positive in 5 (83.3%) of these patients. In our other studies,
the sensitivity was detected as 7/9 (77.8%), 6/6 (100%) and
9/11 (81.8%), respectively. This indicates how good the
sensitivity of the PET-CT method is. The high rates indi-
cate that it is not an absolute must to perform a biopsy
procedure in HL patients. Hence, the guideline as well no
longer recommends the performance of bone marrow

@ Springer

[17].

The BM involvement in patients diagnosed with
DLBCL at the time of diagnosis varies between 11 and
27% [18, 19]; whereas in our study, we have detected
14.9% BM involvement in the DLBCL subgroup. Pakos
et al. found as a result of their study that PET-CT had low
sensitivity but high specificity in demonstrating bone
marrow involvement in patients with DLBCL [20]. We, on
the other hand, have determined the sensitivity to be very
low, and the specificity to be high in line with the other
studies available in the literature [21, 22]. In our study,
NPV was found to be 89.6% and the accuracy was found to
be 87.4%, which are both very high. These results support
the studies of Teagle et al. and Voltin et al. In the light of
these results, in the event that bone marrow involvement
was observed in PET-CT, we are of the opinion that
conducting a biopsy on these patients would not provide
any additional contribution and would be the cause of an
unnecessary morbidity instead. In a similar study, bone
marrow biopsy of DLBCL patients is not recommended in
centers with an experienced PET-CT team [23].

Bone marrow involvement of follicular lymphoma and
other lymphoma subtypes is quite common. In some
studies, this bone marrow involvement frequency was
found to be over 50% [24-26]. In our study, we found the
bone marrow involvement rates via biopsy and PET-CT
respectively as 41.3% and 21.7% in follicular lymphoma
and as 58% and 36.2% in other lymphoma subtypes. In two
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other studies involving follicular lymphoma patients, the
rate of BM involvement via biopsy was found to be
44.4-49.3%, whereas the rate of BM involvement via
PET-CT was found to be 23.9-28.9% [27, 28]. PET-CT
has been found to have low sensitivity in two different
studies involving patients of mantle cell lymphoma and
marginal zone lymphoma, and it was concluded as a result
that PET-CT cannot replace biopsy [29, 30]. In addition to
all these studies, it has also been shown that BM involve-
ment is more common in indolent lymphomas in general,
and that PET-CT cannot replace biopsy in demonstrating
BM involvement [31, 32].

FDG uptake in PET-CT increases as the histological
grade of lymphomas increases [33]. Low or no FDG uptake
in low grade lymphomas leads to false negative results on
PET-CT. Lymphomas may have involvement patterns in
the bone marrow such as paratrabecular, intrasinusoidal,
diffuse, interstitial and nodular, and the frequency of these
involvement patterns may vary according to subtypes [34].
The fact that diffuse pattern occurs more frequently in
DLBCL increases the compatibility between PET-CT and
biopsy results, whereas the more frequent occurrence of
nodular pattern in marginal zone lymphoma or the more
frequent occurrence of paratrabecular pattern in follicular
lymphoma increases the incompatibility between PET-CT
and biopsy results. If, in order to strengthen this compati-
bility, bilateral biopsy is performed instead of the biopsy
conducted on unilateral iliac crest, BM involvement
increases by 10-50% [6, 35, 36]. However, the drawback
associated with DLBCL lymphomas is that diffuse BM
involvement may occur in cases such as inflammation and
cytokine release, and that it may lead to false positive
PET-CT results [35]. To the contrary of this negative
feature, a great advantage of PET—CT is its high sensitivity
and specificity in demonstrating extranodal diseases
[37, 38]. In addition to all these, PET-CT enables broad
evaluation of the bone marrow and not just from a single
region.

When the two methods were compared in all patients in
terms of mean survival, OS was found to be significantly
shorter in the group that had involvement via both PET-CT
and biopsy. When the lymphoma subtypes were consid-
ered, OS was found to be significantly shorter only in the
DLBCL group that had involvement via both PET-CT and
biopsy. We think that it was the high number of patients in
the DLBCL group, which has led to significant results only
in this group. The presence of bone marrow involvement
only in either one of the PET-CT or biopsy methods did
not reveal any significant results in terms of OS in the
entire lymphoma group. Karak et al. have found in their
study they have conducted in patients with DLBCL that the
fact that whether BM involvement is present on biopsy was
not significant in terms of OS [39]. In addition, it was

found in another study conducted in patients diagnosed
with DLBCL that the fact that whether BM involvement is
present in PET-CT was not significant in terms of OS [40].
Although our study was carried out in a high population in
terms of number of patients, we think that it was the low
number of patients with bone marrow involvement, which
has led to insignificant results of BM involvement via
biopsy in terms of OS. In a review including follicular
lymphoma patients, OS was found to be significantly
shorter in the group that had BM involvement via biopsy,
compared to the group that did not have BM involvement
via biopsy [26].

The biggest limitation of our study was that it was a
retrospective study and that we had to use bone marrow
biopsy as the gold standard method. In addition, the
number of patients with bone marrow involvement in the
subgroups other than the DLBCL subgroup was limited.

In conclusion, PET-CT may replace BM biopsy in
demonstrating the bone marrow involvement in aggressive
lymphoma subtypes such as DLBCL and HL. Bone mar-
row biopsy may not have to be performed in patients
diagnosed with HL and DLBCL, who had BM involvement
on PET-CT. On the other hand, biopsy remains the best
method in patients with indolent lymphomas. The presence
of BM involvement during diagnosis in both PET-CT and
BM biopsy is associated with poor prognosis and OS is
short in this group.
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