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Analysis of Overall Survival According to Bone Marmow Aspiration Results in
Non-Hodgkin’s Lymphoma Patients

Jung Yoon Choi', Ka-Won Kang', Byung-Hyun Lee', Eun Sang Yu', Dae Sik Kim', Se Ryeon Lee', Hwa Jung Sungl,
Seok Jin Kim’, Chul Won Choi', Byung Soo Kim', and Yong Park'

'Division of Hematology-Oncology, Department of Internal Medicine, Korea University College of Medicine, Seoul;
“Division of Hematology-Oncology, Department of Internal Medicine, Sungkyunkwan University School of Medicine, Seoul, Korea

Background/Aims: The staging work-up for patients with non-Hodgkin’s lymphoma includes bone marrow aspiration and biopsy.
Consistent results of both procedures can clarify the diagnosis. However, no clear guidelines have been established regarding pos-
itive results for bone marrow aspiration alone. The aim of this study was, therefore, to analyze the overall survival (OS) for the clin-
ical diagnoses of these patients using morphological methods.

Methods: We performed a retrospective analysis of patients who were consecutively enrolled in the Korea University Lymphoma
Registry from 1991 to 2016. OS was compared according to the bone marrow group: without bone marrow involvement
(BMA-/BMBx-), with positive results for aspiration and negative results for biopsy (BMA+/BMBx-), and with bone marrow in-
volvement in biopsy (BMBx-+). OS was assessed using the Kaplan-Meier method and multivariate analysis.

Results: Of 1,735 patients, 1,326 were analyzed and 409 were excluded. In the Kaplan-Meier survival analysis, OS was sig-
nificantly worse for patients in the BMBx+ group compared with those in the BMA-/BMBx- group (p <0.001). However, there was
no significant difference in OS between patients in the BMA+/BMBx- group and those in other groups (vs. BMA-/BMBx-,
p =0.163; BMBx+, p =0.292). In multivariate analysis, by adjusting survival-related variables, the BMA+/BMBx- group showed
marginal significance compared to the BMA-/BMBx- group (p = 0.081), and showed significance in the subgroup of indolent
non-Hodgkin’s lymphoma patients (p = 0.003).

Conclusions: This study suggested that even if there are positive results in bone marrow aspiration alone in patients with
non-Hodgkin lymphoma, attention to patient characteristics, involving significance as a poor prognosis for OS, is required.
(Korean J Med 2019;94:182-190)
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Path. N (%)
AITLY 54 (4.1%)
ALCLb 27 (2.0%)

Registered (n = 1,735)
at KU lymphoma registry
From 1991 to 2016

BL 19 (1.4%)
CTCL® 10 (0.8%)
DLBCL 742 (56.0%)

Excluded:
+ Inadequate BM results

FL2 67 (5.1%)
LBL 27 (2.0%)

MCL? 39 (2.9%)
MZBCL? 162 (12.2%)
NKT® 123 (9.3%)

due to dry tab, inadequate, failure
to perform, and other reasons
(n = 355)

+ Data not available (n = 54)

PTCLP 56 (4.2%) Fully eligible
BMA-/BMBx-
Ind? vs Agg 20.2 / 79.8%
+ .
B vs To cell 79.6 / 20.4% BMA+/BMBx
BMBx+

Total (%)
Agg n=1,3326

902 1,108 (83.6%)
18 30 (2.3%)
138 188 (14.2%)

Figure 1. Flowchart of the patients included in the analyses. Among the 1,326 patients, 20.2% had an indolent non-Hodgkin’s lymphoma
and 79.8% had an aggressive non-Hodgkin’s lymphoma. Of these cases, 79.6% were B-cell lymphoma and 20.4% were T-cell lymphoma.
AITL, angioimmunoblastic T cell lymphoma; ALCL, anaplastic large cell lymphoma; BL, Burkett’s lymphoma; CTCL, cutaneous T cell
lymphoma; DLBCL, diffuse large B cell lymphoma; FL, follicular lymphoma; LBL, lymphoblastic lymphoma; MCL, mantle cell lym-
phoma; MZBCL, marginal zone B cell lymphoma; NKT, extranodal NK/T cell lymphoma; PTCL, peripheral T cell lymphoma; Ind,
Indolent non-Hodgkin’s lymphoma; Agg, Aggressive non-Hodgkin’s lymphoma; KU, Korea University; BM, bone marrow; BMA, bone
marrow aspiration; BMBX, bone marrow biopsy. “Indolent non-Hodgkin’s lymphoma. "T_cell lymphoma.
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Table 1. Baseline characteristics of the patients (n = 1,326)

Characteristic Value
Sex

Male 766 (57.8)

Female 560 (42.2)
Age 56.1 £15.1(16-97)

<60 years 720 (54.3)

> 60 years 606 (45.7)
ECOG PS

0,1 1,285 (96.9)

>2 41 (3.1)
Stage

Torll 822 (62.0)

I or IV 504 (38.0)
Lactate dehydrogenase

<1 xULN 788 (59.4)

>1 x ULN 538 (40.6)
No. of extranodal disease sites

0,1 1,039 (78.4)

>2 287 (21.6)
No. of nodal sites

<4 1,145 (86.3)

>4 181 (13.7)
Hb (g/dL)

<12 789 (59.5)

>12 537 (40.5)
WBC (/uL)

<10,000 1,116 (84.2)

>10,000 210 (15.8)
Lymphoma characteristics

Indolent NHL 268 (20.2)

Aggressive NHL 1,058 (79.8)
Cell type

B-cell 1,056 (79.6)

T-cell 270 (20.4)

Values are presented as mean + standard deviation (range) or number (%o).
ECOG PS, Eastern Cooperative Oncology Group performance
status; ULN, upper limit of normal; No., number; Hb, hemoglo-
bin; WBC, white blood cells; NHL, non-Hodgkin’s lymphoma.
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Figure 2. Kaplan-Meier curves of overall survival according to the
BM groups. In the Kaplan-Meier survival analysis, overall survival
was significantly lower for the patients in the BMBx+ group than
for those in the BMA-/BMBX- group (mean survival: 92.7 + 7.7 vs.
157.1 £4.8 months, p <0.001). However, no significant difference
in overall survival was found between patients in the BMA+/
BMBx- group and those in the BMA-/BMBx- group (110.2 + 14.0
vs. 157.1 £ 4.8 months, p = 0.163; Renyi type test), and those in the
BMBx+ group (110.2 + 14.0 vs. 92.7 + 7.7 months, p = 0.292). BM,
bone marrow; BMA, bone marrow aspiration; BMBx, bone marrow
biopsy; NS, not significant. *p < 0.05.

Table 2. Multivariate analyses of variables associated with over-
all survival

Multivariate analysis

Variabl
anable HR (95% CI) p-value

Age > 60 years vs. age < 60 years 1.828 <0.001
(1.458-2.293)

ECOGPS>2vs. ECOGPSO, 1 -

Stage III or IV vs. Stage I or I -

LDH>1 x ULNvs. LDH<1 x ULN 2173 <0.001
(1.716-2.753)

No. of extranodal disease sites>2 vs. 0, 1 1.315 0.038

(1.015-1.703)

No. of nodal sites >4 vs. <4 -

Hb (g/dL) <12 vs.> 12 1.406 0.003
(1.119-1.768)

WBC (/uL) > 10,000 vs. < 10,000 -

BM groups 0.001

BMA-+/BMBx- vs. BMA-/BMBx- 1.877 0.081
(0.925-3.808)

BMBx+ vs. BMA-/BMBx- 1.681 <0.001
(1.258-2.244)

Aggressive vs. Indolent NHL 2.084 <0.001
(1.406-3.089)

T-cell lymphoma vs. B-cell lymphoma 1.724 <0.001

(1.338-2.221)

HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern
Cooperative Oncology Group performance status; LDH, lactate de-
hydrogenase; ULN, upper limit of normal; No., number; Hb, hemo-
globin; WBC, white blood cells; BM, bone marrow; BMA, bone mar-
row aspiration; BMBXx, bone marrow biopsy; NHL, non-Hodgkin’s
lymphoma.
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Figure 3. Kaplan-Meier curves of the overall survival of patients
with indolent non-Hodgkin’s lymphoma according to the BM
groups. In the subgroup analysis for patients with indolent
non-Hodgkin’s lymphoma, the overall survival was significantly
lower for the patients in the BMA+/BMBx- group than for those
in the BMA-/BMBx- group (p = 0.003). Overall survival was sig-
nificantly lower for the patients in the BMBx+ group than for
those in the BMA-/BMBx- group (p <0.001). BM, bone marrow;
BMA, bone marrow aspiration, BMBX, bone marrow biopsy;
NS, not significant. “p < 0.05.
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Table 3. Subgroup analyses of the multivariate analyses of variables associated with overall survival according to lymphoma characteristics

. Indolent NHL Aggressove NHL

Variable

HR (95% CI) p-value HR (95% CI) p-value
Age > 60 years vs. Age < 60 years 1.854 (1.398-2.368) <0.001
ECOGPS>2vs. ECOGPSO, 1 -
Stage Il or IV vs. Stage I or I -
LDH>1 xULN vs. LDH <1 x ULN 2.172 (1.051-6.759) 0.087 2.237 (1.740-2.877) <0.001
No. of extranodal disease sites > 2 vs. 0, 1 1.340 (1.021-1.758) 0.035
No. of nodal sites >4 vs. <4 2.665 (1.051-6.759) 0.039 0.753 (0.540-1.050) 0.095
Hb (g/dL) <12 vs. > 12 2.113 (0.927-4.816) 0.075 1.385 (1.091-1.758) 0.008
WBC (/uL) > 10,000 vs. < 10,000 -
BM groups 0.001 0.016
BMA-+/BMBx- vs. BMA-/BMBx- 7.243 (1.978-26.523) 0.003 1.438 (0.590-3.502) 0.424
BMBx+ vs. BMA-/BMBx- 3.747 (1.494-9.398) 0.005 1.576 (1.148-2.164) 0.005
T-cell lymphoma vs. B-cell lymphoma 1.831 (1.408-2.381) <0.001

NHL, non-Hodgkin’s lymphoma; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group perform-
ance status; LDH, lactate dehydrogenase; ULN, upper limit of normal; No., number; Hb, hemoglobin, WBC, white blood cells; BM, bone

marrow; BMA, bone marrow aspiration; BMBx, bone marrow biopsy.
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Figure 4. Kaplan-Meier curves of the overall survival of patients
with aggressive non-Hodgkin’s lymphoma according to the BM
groups. In subgroup analysis for patients with aggressive
non-Hodgkin’s lymphoma, overall survival was not significantly
lower for patients in the BMA+/BMBx- group than for those in
the BMA-/BMBx- group (p = 0.130; Renyi type test). Overall
survival was significantly lower for patients in the BMBx+ group
than for those in the BMA-/BMBx- group (p < 0.001). BM, bone
marrow; BMA, bone marrow aspiration; BMBX, bone marrow
biopsy; NS, not significant. °p < 0.05.
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Supplementary Table 1. Proportion of positive results in bone marrow biopsy

— Jung Yoon Choi, et al. Analysis of survival in non-Hodgkin’s lymphoma —

BMBx+ Total number Percentage
Pathologic subgroup
AITL 10 54 18.5
ALCL 27 11.1
BL 4 19 21.1
CTCL 10 30.0
DLBCL 81 742 10.9
FL 15 67 22.4
LBL 14 27 51.9
MCL 16 39 41.0
MZBCL 16 162 9.9
NKT 8 123 6.5
PTCL 15 56 26.8
Lymphoma characteristics®
Indolent NHL 47 268 17.5
Aggressive NHL 138 1,058 13.0
Cell typeb
B-cell NHL 146 1,056 13.8
T-cell NHL 39 270 144
IPI score
0 2 331 0.6
1 27 402 6.7
2 53 284 18.7
3 73 234 31.2
4 28 70 40.0
5 2 5 40.0
Total 185 1,326 14.0

BMBEXx, bone marrow biopsy; AITL, angioimmunoblastic T cell lymphoma; ALCL, anaplastic large cell lymphoma; BL, Burkitt lympho-
ma; CTCL, cutaneous T cell lymphoma; DLBCL, diffuse large B cell lymphoma; FL, follicular lymphoma; LBL, lymphoblastic lympho-
ma; MCL, mantle cell lymphoma; MZBCL, marginal zone B cell lymphoma; NKT, extranodal NK/T cell lymphoma; PTCL, peripheral T
cell lymphoma; NHL, non-Hodgkin lymphoma; IPI, International Prognostic Index.

“Indolent NHL includes FL, MCL, and MZBCL. Aggressive NHL includes AITL, ALCL, BL, CTCL, DLBCL, LBL, NKT, and PTCL.
"B-cell lymphoma includes BL, DLBCL, FL, LBL, MCL, and MZBCL. T-cell lymphoma includes AITL, ALCL, CTCL, NKT, and

PTCL.
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Supplementary Figure 1. Kaplan-Meier curves of overall survival according to the IPI scores. In the Kaplan-Meier survival analysis,

overall survival was significantly lower for the patients with IPI score 5 than for those with IPI score 0 (»p < 0.001). IPI, International
Prognostic Index.



