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Background: In diffuse large B-cell ymphoma (DLBCL), bone marrow (BM) involvement confirmed by BM biopsy confers
a poor prognosis. However, in clinical practice, there may be disagreement in results between BM biopsy and BM aspiration
in determination of BM involvement. It is unknown which of BM biopsy or BM aspiration better correlates with clinical
outcome.

Objective: To evaluate clinical outcome of BM involvement as confirmed by BM aspiration vs. confirmation by BM biopsy
in patients with DLBCL.

Material and Method: Clinical data, treatment, and outcome of 126 DLBCL patients with available BM aspirate slides
who attended the Hematology Clinic at Siriraj Hospital between January 1, 2007 and December 31, 2009 were reviewed.
BM aspirate slides were revised and interpreted by hematologists.

Results: BM involvement was found in 12.7% (16/126) by BM biopsy and 24.6% (31/126) by BM aspiration. Regarding
BM biopsy results, rates of complete remission (CR) among patients with unequivocal involvement, equivocal involvement,
and without involvement were 75.0%, 57.1%, and 77.7%, respectively (p = 0.464). Two-year overall survival (OS) rates
among the three groups were not significantly different (p = 0.663). Regarding BM aspiration results, CR rates among
patients with unequivocal involvement, equivocal involvement, and without involvement were 80.6%, 75.8%, and 72.7%
(p = 0.755). Two-year OS rates among the three groups were not significantly different (p = 0.118). In multivariate analysis,
BM involvement as determined by either BM biopsy or BM aspiration was not associated with CR rate or 2-year OS rates.
However, the International Prognostic Index (IPI) and use of rituximab were found to be significantly associated with CR
rate and OS.

Conclusion: In patients with DLBCL, BM involvement confirmed by either BM biopsy or BM aspiration appears not to
influence the rate of complete remission or 2-year overall survival.
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Diffuse large B-cell lymphoma (DLBCL) is
a heterogeneous disorder with varied clinical outcomes.
The International Prognostic Index (IPI), which
incorporates five clinical parameters including age,
stage, performance status, serum lactate dehydrogenase
(LDH) level, and number of extranodal sites, remains
the primary tool used to predict outcome!'?. Presence
of bone marrow (BM) involvement was a significant
predictor of outcome in univariate analysis when it was
evaluated during the development of IPI. A majority
of studies that evaluated prognostic impact of BM
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involvement were performed before routine use of
immunohistochemistry and the introduction of IPI.
In DLBCL, BM core biopsy is a useful
diagnostic procedure for diagnosis, pretreatment
staging, evaluation of response to chemotherapy, and
restaging in disease relapse®. BM aspiration is a
simple, minimally invasive technique that is considered
complementary to BM biopsy. There are some inherent
limitations associated with BM aspiration. Reticulin
deposition that frequently accompanies lymphoma
infiltration may prevent successful aspiration of BM.
In addition, peripheral blood contamination may
decrease sensitivity of detection of lymphoma cells.
Accordingly, use of both BM biopsy and BM aspiration
has been advocated in some reports®®. In our practice,
we perform both BM biopsy and BM aspiration in all
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cases of DLBCL and there may be disagreement in
results between BM biopsy and BM aspiration in
determination of BM involvement.

It is unknown which of either BM biopsy or
BM aspiration better correlates with clinical outcome
of BM involvement. Clinical significance of BM
involvement as determined by BM aspiration has not
been examined in recent clinical trials. The aim of this
study was to evaluate the clinical significance of BM
involvement as confirmed by BM aspiration vs.
confirmation by BM biopsy in patients with DLBCL.

Material and Method
Population

This retrospective cohort analysis reviewed
medical records of 126 patients with DLBCL who
attended the Hematology Clinic at Siriraj Hospital
between January 1, 2007 and December 31, 2009.
Patients were included in our study if they were 15 years
of age or older with a biopsy-proven diagnosis of
DLBCL according to current WHO criteria, were
treated with R-CHOP, CHOP, or CHOP-like regimen
with curative intent, had undergone a pretreatment
unilateral posterior superior iliac crest BM aspiration
and biopsy, and had complete clinical data. Patients
with incomplete data or unavailable BM aspirate slides
were excluded. After our study protocol was reviewed
and approved by the Siriraj Institutional Review Board
(SIRB), patient clinical information was collected.
Collected data included patient history and physical
examination, serum biochemistry including LDH,
computed tomography (CT) scan results, and staging
according to the Ann Arbor staging system. Performance
status was measured according to Eastern Cooperative
Oncology Group (ECOG) scale and IPI criteria scoring.
Results of frontline treatment and survival status at
two years were reviewed.

Interpretation of bone marrow aspiration and bone
marrow biopsy

During staging of disease before treatment,
BM aspirate was obtained from the posterior iliac crest,
followed by BM biopsy from the same site in each
patient. An aspirate needle was used for BM aspiration
and a separate BM core biopsy needle was used to
obtain a BM core biopsy (two-needle technique)?.
Criteria for positive involvement of BM by BM
aspiration were defined as presence of >30%
lymphocytes and/or presence of atypical lymphocytes
or blastoid cells, even if the proportion was lower than
30%®. Lymphoid infiltration was evaluated by
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examining 500 nucleated cells on slides. Criteria for
equivocal involvement of BM by BM aspiration were
defined as presence of <1% atypical lymphocytes or
blastoid cells. One hundred twenty six DLBCL patients
with available BM aspirate slides were reviewed. All
slides were revised and interpreted by hematologists
blinded to data and/or protocol that could bias their
judgement and conclusion was drawn by agreement
together.

Criteria for positive involvement of BM by
BM biopsy were defined as presence of lymphomatous
infiltrate by standard morphological assessment. In
obscure cases of BM involvement by lymphoma,
additional immunophenotypic analyses were
performed. Criteria for equivocal involvement of BM
by BM biopsy were defined as identification of only
one large B-cell. If even minimal marrow involvement
was suspected, additional immunophenotypic analyses
were performed.

Primary outcome

Rate of two-year overall survival (OS) was
defined as the percentage of patients in the study who
were alive at two years after diagnosis. OS was
defined from initiation of treatment to the date of last
contact or death. Data whether patient was alive or
dead at two years after treatment were available for all
126 patients. Date of death was known for all deaths.

Secondary outcome

Rate of complete remission (CR) was defined
as percentage of patients who had disappearance
of disease, both clinically and radiologically, after
completion of treatment including no bone marrow
involvement by repeated bone marrow biopsy in cases
with bone marrow involvement before treatment.

Accuracy of BM aspiration and the relative
contributions of BM aspiration and BM biopsy in
detecting BM involvement in DLBCL.

Statistical analysis

The sample size was determined on the basis
of the primary end point of overall survival. Two-year
overall survival rates from other study'® were 45%
and 82% in patients with and without BM involvement
by bone marrow biopsy, respectively. Using OS rates
from that study, we calculated that a sample of
30 patients per cohort would give the study 80% power
with the use of a two-sided test at an alpha level of
0.05. Moreover, to study the agreement between
bone marrow aspiration and bone marrow biopsy on
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documentation of bone marrow involvement, we
increased the number of patients with no BM
involvement to be threefold. Therefore, a sample size
of cohort of “no BM involvement” was 90. For
continuous variable, mean + SD or median (range)
was used according to the distribution of data. For
categorical data, percentage was used. Clinical
characteristics between cohorts were compared using
ANOVA for continuous variables and Chi-square for
categorical variables. OS was assessed using Kaplan-
Meier survival analysis with log-rank test being used
for comparisons between groups. Multivariate analysis
was performed using Cox proportional hazards model
to assess the independent effect of prognostic variables
on overall survival whereas logistic regression was
used to assess on complete remission rate. Relevant
factors were considered simultaneously by use of the
forward selection model. In multivariate analysis,
equivocal BM involvement was considered as no BM
involvement. Data were analyzed using SPSS version
13.0 for Windows (SPSS, Inc., Chicago, IL, USA).

Results
Patient characteristics

One hundred twenty six patients with DLBCL
that met all of the stated inclusion criteria were
identified. Baseline patient and disease characteristics
according to BM aspiration and BM biopsy are
presented in Table 1 and 2, respectively. For bone
marrow aspirate (BMA) result, patients were divided
into three groups, including negative bone marrow

involvement (BMA-neg), equivocal bone marrow
involvement (BMA-equi), and positive bone marrow
involvement (BMA-pos). Mean age by group was
56.0+£13.9 years, 57.2+14.4 years, and 57.0+11.9 years,
respectively (p = 0.921). Proportion of male gender
by group was 33.3%, 46.8%, and 54.8%, respectively
(p = 0.212). Between the three BMA groups, there
were no significant differences in IPI factors (e.g., age
>60 years, stage 111/1V, ECOG performance status, and
>1 extranodal sites of involvement), IPI score and
receiving rituximab combined with chemotherapy.
However, it appeared that a significantly higher
proportion of BMA-neg patients had raised LDH, when
compared to the other two groups (p =0.037). For bone
marrow biopsy (BMB) result, patients were divided
into three groups, including negative bone marrow
involvement (BMB-neg), equivocal bone marrow
involvement (BMB-equi), and positive bone marrow
involvement (BMB-pos). Mean age by group was
56.3£13.9 years, 63.419.2 years, and 57.6+13.5 years,
respectively (p = 0.406). Proportion of male gender
by group was 42.7%, 71.4%, and 50.0%, respectively
(p=0.331). Between the three BMB groups, there were
no significant differences in IPI factors, such as age
>60 years, LDH elevation, ECOG performance status,
and >1 extranodal sites of involvement. However,
patients in the BMB-equi and BMB-pos groups had
advanced Ann Arbor stage (stages 3, 4) in a significantly
higher proportion than the BMB-neg group (p<0.001).
Moreover, patients in the BMB-neg group had low IPI
score in a significantly higher proportion than the other

Table 1. Baseline patient and disease characteristics according to bone marrow aspiration

Characteristic

BM aspiration (n = 126)

Negative (n =33) Equivocally positive (n = 62) Positive (n =31) p-value

Age (years), mean = SD 56.0+13.9 57.2+14.4 57.0£11.9 0.921
Male sex, n (%) 11 (33.3) 29 (46.8) 17 (54.8) 0.212
IPI factor, n (%)

Age >60 years 14 (42.4) 30 (48.4) 13 (41.9) 0.793

Stage I1I/IV 19 (57.6) 35(56.5) 17 (54.8) 0.976

LDH >ULN 21 (63.6) 33(53.2) 10 (32.3) 0.037

ECOG >1 9(27.3) 20 (32.3) 7 (22.6) 0.611

Extranodal sites >1 11 (33.3) 9 (14.5) 7(22.6) 0.102
IPI risk groups, n (%)

Low 11 (33.3) 21(33.9) 12 (38.7) 0.877

Low intermediate 9(27.3) 21(33.9) 10 (32.3) 0.803

High intermediate 8(24.2) 11 (17.7) 7 (22.6) 0.722

High 5(15.2) 9 (14.5) 2(6.5) 0.710
Rituximab use 17 (51.5) 39 (62.9) 19 (61.3) 0.545

IPI = International Prognostic Index; LDH = serum lactate dehydrogenase; ULN = upper limit of normal; ECOG = Eastern

Cooperative Oncology Group
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Table 2. Baseline patient and disease characteristics according to bone marrow biopsy

Characteristic BM biopsy (n = 126)
Negative (n = 103) Equivocally positive (n = 7) Positive (n = 16) p-value

Age (years), mean + SD 56.3+£13.9 63.419.2 57.6£13.5 0.406
Male sex, n (%) 44 (42.7) 5(71.4) 8 (50.0) 0.331
IPI factor, n (%)

Age >60 years 46 (44.7) 4(57.1) 7 (43.8) 0.878

Stage I1I/IV 48 (46.6) 7 (100) 16 (100) <0.001

LDH >ULN 56 (54.4) 1(14.3) 5(31.3) 0.235

ECOG>1 30 (29.1) 1(14.3) 5(31.3) 0.802

Extranodal sites >1 18 (17.5) 3(42.9) 6(37.5) 0.081
IPI risk groups, n (%)

Low 41 (39.8) 1(14.3) 2 (12.5) 0.050

Low intermediate 31(30.1) 3(42.9) 6(37.5) 0.696

High intermediate 18 (17.5) 2 (28.6) 6(37.5) 0.147

High 13 (12.6) 1(14.3) 2 (12.5) 1.000
Rituximab use 61(59.2) 5(71.4) 9(56.3) 0.876

IPI = International Prognostic Index; LDH = serum lactate dehydrogenase; ULN = upper limit of normal; ECOG = Eastern

Cooperative Oncology Group

Table 3. Incidence of bone marrow (BM) involvement

Negative Equivocal Positive
BM aspiration 33(26.3%) 62 (49.2%) 31 (24.6%)
BM biopsy 103 (81.7%) 7 (5.5%) 16 (12.7%)

two groups (p = 0.05). There were no significant
differences in proportion of patients treated with
rituximab (p = 0.876) among the three BMB groups
(Table 1, 2).

Incidence of bone marrow involvement

According to BMA results, 33 (26.3%)
patients were in the BMA-neg group, 62 (49.2%) in
the BMA-equi group, and 31 (24.6%) in the BMA-pos
group. According to BMB results, 103 (81.7%) patients
were in the BMB-neg group, seven (5.5%) in the
BMB-equi group, and 16 (12.7%) in the BMB-pos
group (Table 3).

Predictive factors for two-year overall survival
Regarding BMA results, two-year OS rate in
patients with BMA-neg, BMA-equi, and BMA-pos
was 61.9%, 80.5%, and 83.7%, respectively (Fig. 1;
log-rank p = 0.118); even when comparing the three
groups in patients treated with rituximab (log-rank p
= 0.645) and without rituximab (log-rank p = 0.162).
Regarding BMB results, two-year OS in patients
with BMB-neg, BMB-equi, and BMB-pos was
76.2%, 71.4%, and 80.8%, respectively (Fig. 2). OS
rates among the three groups were not significantly
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different (log-rank p = 0.837), even when comparing
the three groups in patients treated with rituximab
(log-rank p = 0.839) and without rituximab (log-rank
p = 0.503). However, two-year OS was significantly
higher in patients treated with rituximab combined with
chemotherapy, as compared to patients not treated with
rituximab combined with chemotherapy (p = 0.008).
Overall survival of higher IPI scores tended to be lower
when compared with lower IPI scores (p = 0.077). In
multivariate analysis, BM involvement either by BM
biopsy or BM aspiration was not associated with OS
whereas factors found to be significantly associated
with OS were rituximab (HR 0.44; 95% CI, 0.22-0.89;
p=0.022), high-intermediate IPI risk group (HR 3.15;
95% CI 1.16-8.52; p = 0.024; compared to low IPI
risk group), and high IPI risk group (HR 3.50; 95% CI
1.25-9.80; p=0.017; compared to low IPI risk group)
(Fig. 3, 4).

Predictive factors of complete remission

Regarding BMA results, CR rates in patients
with BMA-neg, BMA-equi, and BMA-pos were
72.7%., 75.8%, and 80.6% (p = 0.755), respectively;
even when comparing the three groups in patients
treated with rituximab (log-rank p = 0.977) and without
rituximab (log-rank p = 0.691) (Table 4). Regarding
BMB results, CR rates in patients with BMB-neg,
BMB-equi, and BMB-pos were 77.7%, 57.1%, and
75.0%, respectively (p = 0.464); even when comparing
the three groups in patients treated with rituximab
(log-rank p = 0.249) and without rituximab (log-rank
p = 0.847) (Table 4). In multivariate analysis, BM
involvement either by BM biopsy or BM aspiration
was not associated with CR rate. However, the high-
intermediate IPI risk group, high IPI risk group
(compared to low IPI risk group), and use of rituximab
were found to be significantly associated with CR rate
(»=0.001, 0.007, and 0.029, respectively).

Comparison of bone marrow aspirates and bone
marrow biopsies in diagnosis of bone marrow
involvement in DLBCL

In three (2.3%) specimens, both parameters
(BMB and BMA) were positive, in 26 (20.6%)
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according to International Prognostic Index (IPI)
risk groups (p = 0.077).

specimens, both parameters were negative, and in one
(0.8%) specimen, both parameters were equivocal. As
such, agreement between BMB and BMA was 23.8%.
Discrepancies between the two parameters were found
in 100 specimens (76.2%). The kappa statistic was
-0.048 (95% confidence interval, -0.117 to 0.021)
indicating poor agreement. To calculate sensitivity and
specificity of BMA, we excluded the BMB-equi group
(7 of 126, 5.5%) because we wanted the unequivocal
results of BMB to be the gold standard. We then
increased the specificity of BMA by moving the BMA-
equi (52 of 126, 41.3%) into the BMA-neg group.

Table 4. Complete response rate according to bone marrow status

Complete response rate

Negative Equivocal Positive p-value
BM aspiration 24/33 (72.7%) 47/62 (75.8%) 25/31 (80.6%) 0.755
BM biopsy 80/103 (77.7%) 4/7 (57.1%) 12/16 (75.0%) 0.464
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Table 5. Comparison of bone marrow aspirates and bone
marrow biopsies in diagnosis of bone marrow
involvement in DLBCL

BMA BMB Total
Negative Equivocal Positive

Negative 26 (78.8%) 3 (9.1%) 4(12.1%) 33 (100%)

Equivocal 52 (83.9%) 1(1.6%) 9 (14.5%) 62 (100%)

Positive 25(80.6%) 3(9.7%) 3(9.7%) 31 (100%)

DLBCL = diftuse large B-cell lymphoma; BMB = bone marrow
biopsy; BMA = bone marrow aspiration

Overall sensitivity and specificity of BMA were 18.7%
and 75.7%, respectively. For BMA, overall positive
predictive value (PPV) was 0.10 and negative
predictive value (NPV) was 0.86 (Table 5).

Discussion

Our study found that BM involvement, as
confirmed by BM biopsy, among patients with DLBCL
was 12.7%, which is lower than other reports. Others
have reported BM involvement rates (BM biopsy) in
their DLBCL populations that vary between 15.7% and
44.0%®19, This variation may reflect differences in
study populations and/or the methods used to detect
BM involvement. Sehn et al reported an incidence of
BM involvement of 15.7%®. In that study, patients
were excluded if they had CNS involvement at
diagnosis or they were HIV positive. All patients
received at least one cycle of R-CHOP. Flow cytometry,
immunohistochemistry, and/or molecular studies were
performed if BM involvement was equivocal. From
the study by Kittivorapart and Chinthammitr, incidence
of BM involvement was 17.4%®. That study included
all DLBCL patients with complete clinical data,
regardless of treatment. A study by Talaulikar et al,
reported incidence of BM involvement to be 44%1°.
They included all patients with curative and palliative
intent and performed flow cytometry, immuno-
histochemistry, and molecular testing on all BM
biopsies. In the present study, the authors included
all patients who received standard anthracycline-
containing chemotherapy, with and without rituximab,
and who had been evaluated for response to frontline
treatment. There was, however, no flow cytometry or
molecular testing on BM aspirate or biopsies. Thus,
the present study may not have included patients with
very poor performance status or patients of very old
age who could not tolerate standard anthracycline-
containing chemotherapy. Patients who were lost to
follow-up or died before evaluation of response were
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not included in the study; as such, some selection bias
may have occurred. A previous study!” showed that,
among lymphoma patients, BM study with flow
cytometry and molecular testing had higher sensitivity
in determination of BM involvement than routine
BM study. This may explain the lower rate of BM
involvement in our study. Regarding BM aspiration, a
previous study reported incidence of BM involvement
in DLBCL to be 16.6%, which was lower than the
finding from our study (at least 24.6%). However, the
definition of BM involvement in previous study!?
was not described.

Level of agreement between BM biopsies and
BM aspirates in the present study was 23.7% whereas
kappa statistic was -0.048. This result differed from
previous studies due to differences in populations
and research methods. A study by Sah et al included
33 B-cell non-Hodgkin’s lymphom (NHL) cases
(10 of 33 were DLBCL) and added flow cytometry to
increase sensitivity for detecting BM involvement').
Accordingly, the agreement level was 56%. The low
sensitivity and low PPV in our study were similar to
those from the study by Musolino et al*?, In aggressive
NHL (DLBCL and mantle cell lymphoma), sensitivity
of BM aspiration was 40% and PPV was 0.29. The low
sensitivity was due to the small degree of lymphoid
infiltration in the BM biopsy and some cases required
immunohistochemical stain to detect BM involvement.
The low PPV was due to the low prevalence of BM
involvement in aggressive NHL. Disagreement
between BM biopsy result and BM aspiration result in
determination of BM involvement in DLBCL (higher
percentage of BM involvement by BM aspiration, as
compared to BM biopsy) may be due to the fact that
interpretation of morphology in BM aspiration is
reader-dependent and heavily influenced by experience.

Regarding BM biopsy results from our study,
there was no difference in rates of complete response
and overall survival for the groups of patients with
BM involvement, equivocal involvement, and no
BM involvement. Overall survival results from our
study partly differed from those from the study by
Talaulikar et al"®, which included 36 patients with
DLBCL, 34 of which were treated with standard
anthracycline-containing chemotherapy regimens and
two patients with palliative intent. In previous study‘?,
when examination of the BM aspirate and BM biopsy
specimens using H&E staining was used to define
BM involvement at staging, no obvious difference
in survival was noted between patients with and
without BM involvement (p = 0.13). However, when
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additional diagnostic modalities (flow cytometry,
immunohistochemistry, and immunoglobulin heavy
chain gene rearrangement analysis) were used to
define bone marrow involvement, there was significant
difference in survival between patients with and
without BM involvement (p = 0.02). This difference
may be explained by differences in patient population
and methods for detecting BM involvement. Another
explanation why BM involvement had no effect on
overall survival in our study may be because of the
fact that we included only patients who received
standard chemotherapy with curative intent, therefore,
patients with BM involvement and poor performance
status who did not receive standard chemotherapy
were not included, thus possibly leading to selection
bias.

Regarding BM aspiration results, this is the
first study to evaluate the association between
clinical outcome and BM aspiration in DLBCL. This
study demonstrated that rate of complete response
and rate of overall survival among patients with BM
involvement, equivocal involvement, and without
involvement were not significantly different (p =0.755
and p = 0.118, respectively).

IPI was able to discriminate subgroups of
patients with different rates of complete response and
two-year OS in our study, confirming the utility of IPI
in evaluation of prognosis in DLBCL. Rate of complete
response was significantly higher in the group that
received rituximab than in the group that received
chemotherapy alone.

Some limitations of our study had to be
mentioned. First, selection bias to include only patients
with good performance status enough to get standard
chemotherapy with curative intent was possible.
Second, equivocal bone marrow involvement detected
by BM aspiration was rater-dependent and the criterion
of presence of <1% atypical lymphocytes or blastoid
cells may be too sensitive with a low specificity. Third,
the number of patients with bone marrow involvement
detected by BM biopsy was small (16 cases) which
was about half a calculated sample size (30 cases).

Conclusion

In patients with DLBCL, BM involvement
confirmed by either BM biopsy or BM aspiration
appears not to influence the rate of complete remission
or rate of overall survival.

Disagreement between BM biopsy result
and BM aspiration result in determination of BM
involvement in DLBCL may be due to the fact that
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interpretation of morphology in BM aspiration is
reader-dependent and influenced by experience.

What is already known on this topic?

Bone marrow involvement confirmed by bone
marrow biopsy influenced the prognosis of patients
with aggressive lymphoma.

What this study adds?

Bone marrow aspiration and biopsy at
Siriraj Hospital did not influence the rate of complete
remission or rate of overall survival in patients with
diffuse large B-cell lymphoma.
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