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Bone marrow biopsy in diffuse large B-cell lymphoma:
Useful or redundant test?
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ABSTRACT B

Purpose. To determine the additional value of bone marrow biopsy (BMB) in the standard staging work-up of patients
with newly diagnosed diffuse large B-cell lymphoma (DLBCL), in terms of risk assessment and treatment planning.
Material and methods. A total of 113 consecutive patients with newly diagnosed DLBCL who had undergone stand-
ard pretreatment evaluation, including serum lactate dehydrogenase measurement, Eastern Cooperative Oncology Group
performance status assessment, computed tomography or '8F-fluoro-2-deoxy-D-glucose positron emission tomography/
computed tomography, and BMB, were retrospectively included. National Comprehensive Cancer Network International
Prognostic Index (NCCN-IPI) score and treatment strategy were determined in each patient, once without and once with
taking into account BMB results. Numbers and percentages of BMB-induced changes on NCCN-IPI-based risk strati-
fication (i.e. formation of low, low-intermediate, high-intermediate, and high risk groups) and choice of treatment were
calculated, along with 95% confidence intervals (CIs).

Results. BMB was positive in 18 of 113 patients (15.9%, 95% CI 10.2-23.9 %). BMB-induced changes on NCCI-IPI-
based risk stratification occurred in 9 of 113 patients (8.0%, 95% CI 4.1-14.6%). Five patients were upstaged from
low-intermediate to high-intermediate risk, and four patients were upstaged from high-intermediate to high risk. BMB
findings changed treatment planning in none of the 113 patients (0.0%, 95% CI 0.0-4.0%).

Conclusion. Although BMB results upstaged the NCCN-IPI-based risk stratification in a small number of cases,
this did not have any therapeutic implications in our patient series. These findings support the omission of BMB from
routine staging of newly diagnosed DLBCL in the current risk stratification and treatment era.

Diffuse large B-cell lymphoma (DLBCL) comprises
approximately 30-35% of all non-Hodgkin lympho-
mas [1,2]. Present guidelines recommend acquiring
a (blind) bone marrow biopsy (BMB) of the poste-
rior iliac crest in all patients with newly diagnosed
DLBCL who qualify for curative therapy [3]. How-
ever, BMB is invasive and painful [4], and has a
non-negligible risk of adverse events (hemorrhage
being the most common [5]). In addition, bone
marrow should be fixed and decalcified before it can

be histologically examined [6], which is a time-
consuming procedure that may cause treatment
delay. To justify performing a BMB in all patients
with newly diagnosed DLLBCL, the benefits associ-
ated with BMB should outweigh its disadvantages.

BMB serves several purposes in the evaluation of
DLBCL in the pretreatment setting. First, BMB may
aid in diagnosing DLBCL in patients under suspi-
cion of lymphoma without appropriate extramedul-
lary lesions for biopsy. Second, histologically proven
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lymphomatous bone marrow involvement, has been
established as an adverse prognostic factor [7,8] and
has been incorporated into the National Compre-
hensive Cancer Network (NCCN) International
Prognostic Index (IPI) for risk stratification [9].
Third, since determination of bone marrow invol-
vement indicates stage IV disease, it may result
in selecting a more intense therapeutic regimen.
Overall, the incidence of (non-image guided)
lymphoma-positive marrow histology in newly diag-
nosed DLBCL is low, approximately 13-17%
[7,8,10]. Importantly, BMB-induced therapeutic
consequences are more likely to occur in patients
with clinical and imaging-based early stage disease
(particularly in Ann Arbor stage I disease) than in
advanced stage disease. However, bone marrow
involvement is less common in (presumed) early
stage disease compared to advanced stage disease
[7,10,11]. Consequently, it can be hypothesized that
the majority of BMBs do not have any clinical
consequences for risk stratification and choice of
treatment, and that these patients may be spared an
invasive BMB.

The purpose of this study was therefore to deter-
mine the additional value of BMB in the standard
staging work-up of patients with newly diagnosed
DLBCL, in terms of risk assessment and treatment
planning.

Material and methods
Study design and patient population

This retrospective study was approved by the local
institutional review board and a waiver for written
informed consent was granted. A search was per-
formed in the database of the Meander Medical
Center to identify all consecutive patients who were
newly diagnosed with DLBCL between January
2004 and February 2014. Study inclusion criteria
were: newly diagnosed and histologically proven
DLBCL by means of (excisional) biopsy of an
extramedullary site, availability of LDH measure-
ment, availability of ECOG performance status score,
availability of CT or FDG-PET/CT from skull base
to upper thigh, and availability of (blind) BMB of the
posterior iliac crest. Study exclusion criteria were:
diagnosis of DLBCL solely based on BMB findings,
primary mediastinal DLBCL (which is regarded as
a separate disease entity), previously treated/relapsed
lymphoma, transformed lymphoma (except primary
DLBCL patients with discordant bone marrow his-
tology), coexistence of another lymphoma subtype in
the diagnostic biopsy, lack of serum LDH measure-
ment, lack of ECOG performance status score, lack
of CT or FDG-PET/CT from skull base to upper

thigh, lack of BMB or poor (non-diagnostic) BMB
quality, time interval between CT or FDG-PET/CT
and BMB exceeding 30 days, and start of treatment
before the above-mentioned standard pretreatment
evaluation procedures.

BMB

Blind unilateral BMB of the right posterior iliac crest
was performed in all patients by using a biopsy nee-
dle (Angiotech T-LLok, Medical Device Technologies)
that is designed to ideally provide a 20-mm long
8-gauge (3.4-mm diameter) specimen. BMBs were
acquired by different hematologists and evaluated
by different hematopathologists according to the
WHO criteria [12], as part of routine clinical care.
BMB was considered positive if either large-cell
(concordant) or small-cell (discordant) lymphoma-
tous involvement was present.

CT and FDG-PET/CT

CT scanning only was performed in all patients who
were diagnosed with DLBCL before September
2007 (N =29), using a 16-detector row CT system
(Somatom Sensation 16, Siemens Healthcare).
Patients ingested an oral contrast agent and were
intravenously administered a non-ionic iodinated
contrast agent before full-dose portal venous phase
CT scanning was performed from skull base to upper
thigh. FDG-PET/CT scanning was performed in all
patients who were diagnosed with DLBCL after
September 2007 (N = 84), using a 40-detector row
PET/CT system (Biograph 40 TruePoint PET/CT,
Siemens Healthcare). Following a fasting period of
six hours, 3 MBqg/kg body weight of FDG was
injected, 60 minutes after which low-dose FDG-
PET/CT scanning was performed from upper thigh
to skull base. A subset of 60 patients also underwent
full-dose oral and intravenous contrast-enhanced
portal venous phase CT scanning from skull base to
upper thigh, in addition to low-dose FDG-PET/CT,
using the same PET/CT system.

An experienced reader (T.C.K.), who was blinded
to clinical and laboratory findings, findings of other
imaging modalities, histological findings, and patient
outcome, reevaluated all pretreatment CT and FDG-
PET/CT scans of included patients. Lymph nodes
with a short-axis diameter exceeding 10 mm, and
extranodal sites with abnormal attenuation, nodules
or masses compatible with lymphomatous involve-
ment, were considered positive at CT. Any FDG
uptake exceeding background FDG uptake in a
location incompatible with normal anatomic and
physiologic conditions was considered positive for
lymphomatous involvement at FDG-PET/CT.



Ann Arbor staging

Using clinical, CT or FDG-PET/CT, and available
non-BMB histological findings, an Ann Arbor stage
(I-IV) was assigned in each patient [13]. BMB find-
ings were ignored for Ann Arbor staging for the pur-
pose of this study. Also note that imaging-based bone
marrow involvement was also ignored for Ann Arbor
staging, because the FDG-PET/CT based bone
marrow involvement has been reported to have no
prognostic implications [14,15].

NCCN-IP-based risk stratification

The NCCN-IPI uses a maximum of eight scoring
points for categorized age >40-60 (1 point), > 60-75
(2 points) and >75 years (3 points), LDH ratio>1
(1 point) and >3 (2 points) times the upper limit of
normal in addition to extranodal disease in major
organs (either bone marrow, central nervous system,
liver/gastrointestinal tract or lung) (1 point), Ann
Arbor stage III/IV (1 point), and ECOG performance
status =2 (1 point) [9]. Note that imaging-based
bone marrow involvement only was ignored for the
purpose of Ann Arbor staging and determination of
extranodal disease in major organs, because the
NCCN-IPI requires bone marrow involvement to be
histologically proven [9]. Two NCCN-IPI scores were
calculated in each patient, one time without and
one time with taking into account BMB results.
Subsequently, each patient was classified into one of
the four following risk groups: low risk (scores 0-1),
low-intermediate risk (scores 2—3), high-intermediate
risk (scores 4-5), and high risk (scores 6-8), without
and one time with taking into account BMB results.

Trearment consequences

All BMB-positive cases were reviewed by an experi-
enced hematologist (R.F.), who had access to all
pretreatment clinical, laboratory, imaging, and his-
tological findings, but who was blinded to patient
follow-up/outcome. The hematologist determined if
and how the lymphoma-positive BMB findings
changed treatment planning in these patients com-
pared to the treatment strategy based on the already
available clinical, laboratory, imaging, and available
non-BMB histological findings.

Statistical analysis

Number and proportion of patients with a positive
BMB among the entire study population were cal-
culated, along with 95% confidence intervals (CIs).
Number and proportion of positive BMBs among
Ann Arbor stage I, II, III, and IV disease were
calculated, along with 95% CIs. Numbers and
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percentages of BMB-induced changes in NCCN-
IPI-based risk stratification (i.e. formation of low,
low-intermediate, high-intermediate, and high risk
groups) and choice of treatment were calculated,
along with 95% Cls. Statistical analyses were exe-
cuted using MedCalc statistical software version
12.6.0 (Ostend, Belgium).

Results
Patients

A total of 212 consecutive patients presented
with newly diagnosed DLBCL at our institution
between January 2004 and February 2014. Of these
212 patients, two were excluded because the diag-
nosis of DLBCL was solely based on BMB findings,
four were excluded because of primary mediastinal
DLBCL, 15 were excluded because of transformed
lymphoma, 18 were excluded because of coexis-
tence of another lymphoma subtype in the diagnos-
tic/extramedullary biopsy, five were excluded
because of another malignancy within the previous
five years, 23 were excluded because of non-
availability of CT or FDG-PET/CT from skull base
to upper thigh, 23 were excluded because of lack
of BMB, five were excluded because of poor, non-
diagnostic BMB quality, and four were excluded
because the time interval between CT and BMB
exceeded 30 days. Finally, 113 patient (61 men and
52 women, mean age: 65.3 = 14.1 years, age range:
24-88 years) were included. Of these 113 patients,
29 (25.7%) were diagnosed with DLBCL before
September 2007 and had undergone CT only,
whereas 84 (74.3%) were diagnosed with DLBCL
after September 2007 and had undergone FDG-
PET/CT. Further, detailed patient characteristics
are presented in Table I.

Distribution of positive BMBs among different
Ann Arbor stages

BMB was positive for lymphoma in 18 of 113 patients
(15.9%, 95% CI 10.2-23.9%). Of these 18 BMB-
positive cases, 12 had large cells, four had small cells,
and two had an indeterminate cell type (i.e. discrim-
ination between large and small cells was not possi-
ble) in the marrow specimen. None of the 17 patients
with Ann Arbor stage I disease had a positive BMB
(0.0%,95% CI 0.0-21.6%), 1 of the 10 patients with
Ann Arbor stage II disease had a positive BMB (10%,
95% CI 0.0-42.6%), six of the 27 patients with Ann
Arbor stage III disease had a positive BMB (22.2%,
95% CI10.3-41.1%), and 11 of the 59 patients with
Ann Arbor stage IV disease had a positive BMB
(18.6%, 95% CI 10.6-30.6%) (Figure 1).
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Table I. Characteristics of included patients.

Positive Negative
BMB BMB

Patients 18 95
Age

Mean=* SD (years) 68.2*+11.0 64.7*14.6

Median (years) 69.0 68.0

Range (years) 44-83 24-88

Male/Female 8/10 53/42
Radiological stage

1 0 17

II 1 9

11 6 21

v 11 48
NCCN-IPI risk factors

Stage III/IV disease*® 17 69

Major extranodal involvement** 7 37
Age

=40 years 0 7

>40-=60 years 5 23

>60-=75 years 7 42

>75 years 6 23

ECOG PS>1 5 14
LDH > ULN

=1 3 32

>1-=3 13 52

>3 2 11

*BMB-, CT- or FDG-PET/CT-based bone marrow involvement
was ignored for the assessment of Ann Arbor stage; **Defined as
either central nervous system, liver/gastrointestinal tract or lung
involvement as recommended by Zhou et al. [9], positive BMB,
FDG-PET/CT-based bone marrow involvement and CT-based
cortical destruction were not counted as extranodal involvement.
BMB, bone marrow biopsy; ECOG PS, Eastern Cooperative
Oncology Group Performance Score; LDH, lactate dehydrogenase;
NCCN-IPI, National Comprehensive Cancer Network International
Prognostic Index; SD, standard deviation; ULN, upper limit of
normal (according to the local reference value of the participating
institution).

BMB-induced changes on NCCN-IPI-based risk
stratification

BMB-induced changes on NCCI-IPI-based risk
stratification occurred in nine of 113 patients (8.0%,
95% CI 4.1-14.6%). Five patients were upstaged
from the low-intermediate to the high-intermediate
risk group and four patients were upstaged from the
high-intermediate to the high risk group (Table II).

BMB-induced changes on treatment planning

BMB findings changed treatment planning in none
of the 113 patients (0.0%, 95% CI 0.0-4.0%).

Discussion

The results of this study show that BMB is positive
in approximately 15.9% of patients with newly
diagnosed DLBCL, regardless of disease stage.
BMB results upstaged the NCCN-IPI-based risk
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Figure 1. Number of negative and positive BMBs among the
different radiological-based Ann Arbor stages.

stratification in a small minority (8.0%) of patients,
either from low-intermediate to high-intermediate
risk, or from high-intermediate to high risk. Impor-
tantly, positive BMBs were present far more fre-
quently in advanced stage disease than in early stage
disease, with the majority already having Ann Arbor
stage IV disease based on CT or FDG-PET/CT
studies. None of the patients with Ann Arbor stage I
disease had a positive BMB, therefore in none of
these patients would treatment planning have been
changed from short-course (three cycles) R-CHOP
(rituximab, cyclophosphamide, hydroxydaunorubi-
cin, vincristine and prednisone) chemoimmunother-
apy with additional radiation therapy to prolonged
(six or eight cycles) R-CHOP chemoimmunotherapy
only. In addition, although a minority of patients was
upstaged from Ann Arbor stage II or III disease to
Ann Arbor stage IV disease based on BMB results,
this did not have therapeutic consequences in any of
these patients either.

Table II. Cross-tabulation of NCCI-IPI-based risk stratification
without versus with taking into account BMB results.

NCCN-IPI risk group with taking into
account BMB results

Low LI H-I High

NCCN-IPI risk Low 8 0 0 0
group LI 0 26 5 0
without H-I 0 0 51 4
taking into High 0 0 0 19
account

BMB results

H-I, high-intermediate; L-I, low-intermediate.



One previous study by Lim et al. challenged the
need to routinely perform BMB in all patients with
newly diagnosed DLBCL [11]. In that study which
only included patients with CT-based early stage
(Ann Arbor stages I and II) disease, seven of 192
patients (3.6%) had a positive BMB. It was reported
that the parameters hemoglobine < 10 g/dl (p = 0.02),
white blood cell count<<4 X 10%L (p=0.007) and
bulky disease (p=0.06) were predictive of bone
marrow involvement. Among the 120 patients with-
out any of these three factors, only one patient had
bone marrow involvement (0.8%, 95% CI 0.0-
4.6%). Accordingly, the absence of all three factors
provided a negative predictive value of 99.2%. Lim
et al. concluded that BMB may be safely omitted in
selected patients with early stage DLBCL. Unfortu-
nately, it was not reported how many patients with
radiological Ann Arbor stage I disease had a positive
BMB, because BMB results in this group of patients
may have important therapeutic implications (i.e. a
positive BMB would result in a change from short-
course R-CHOP chemoimmunotherapy with addi-
tional radiation therapy to prolonged R-CHOP
chemoimmunotherapy only). In addition, BMB-in-
duced changes on risk stratification were not assessed
[11]. Although the present study included less
patients with early stage disease than the study by
Lim et al. [11], it provides important new informa-
tion on the additional utility of BMB with regard to
risk assessment and treatment planning. Of interest,
several studies have investigated whether FDG-
PET/CT (which is currently routinely performed in
DLBCL in many institutions) can replace BMB in
DLBCL [16]. However, recent studies in newly
diagnosed DLBCL reported that FDG-PET/CT
can be negative in up to 30-50% of cases with a
positive BMB [14,15]. Moreover, recent studies
have shown that, unlike BMB, FDG-PET/CT-based
bone marrow status has no prognostic implications
[14,15,17], which indicates that FDG-PET/CT
cannot replace BMB. Nevertheless, based on the
findings of the present study, it is highly question-
able whether BMB should routinely be performed
at all in newly diagnosed DLBCL, given its minor
impact on NCCN-IPI-based risk stratification and
lack of treatment consequences.

The present study had several limitations. First,
the number of included patients was relatively small.
Therefore, the provided data may not be sufficient
to directly change the management of DLBCL in
this setting, even though the study provides support
for this. In addition, the number of included patients
with early stage disease was relatively lower than
those with advanced stage disease, but this simply
reflects the natural distribution of the different dis-
ease stages in DLBCL. Second, part of included
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patients had undergone CT only, whereas the
remaining patients had undergone FDG-PET/CT.
This is related to the fact that this study spanned
the time period between January 2004 and Febru-
ary 2014, and integrated PET/CT only became
available for the evaluation of all DLBCL patients
at our institution after September 2007. Neverthe-
less, although the diagnostic performance of CT
and FDG-PET/CT may be different, the recently
published NCCN-IPI accepts both CT alone and
FDG-PET/CT [9]. Third, the prognostic implica-
tions of BMB were not formally assessed in this
study. However, histologically confirmed bone mar-
row involvement is already a well-known adverse
prognostic factor [7], and has been incorporated
into the recently validated NCCN-IPI, the latter
which has been used in the present study. Fourth,
it should be realized that the results of this study
are only applicable to the NCCN-IPI-based risk
stratification, the initial start of treatment rather
than the entire treatment plan, and the current
treatment era in which R-CHOP chemoimmuno-
therapy plays a pivotal role. BMB may still be of
utility in patients who require treatment intensifica-
tion in case of refractory disease, and who may need
pretreatment and follow-up BMB for proper evalu-
ation of response (in case the former is positive for
lymphomatous involvement). In addition, treatment
guidelines may vary between different institutions,
countries, and collaborative groups. Furthermore,
in the future, the role of BMB in DLBCL may
become more important if more sophisticated risk
stratification models and newer (more personal-
ized) treatments become available. Finally, BMB is
still a valuable test for the diagnosis of DLBCL if
(excisional) biopsy of an extramedullary site is not
possible or inconclusive.

In conclusion, although BMB results upstaged
the NCCN-IPI-based risk stratification in a small
number of cases, this did not have any therapeutic
implications in our patient series. These findings sup-
port the omission of BMB from routine staging of
newly diagnosed DLBCL in the current risk stratifi-
cation and treatment era.
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