
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

Cancer Res Treat. 2013;45(2):112-117

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2013.45.2.112

Byung Woog Kang, MD1, Joon Ho Moon, MD, PhD1

Yee Soo Chae, MD, PhD1, Soo Jung Lee, MD, PhD1

Jong Gwang Kim, MD, PhD1, Yeo-Kyeoung Kim, MD, PhD2

Je-Jung Lee, MD, PhD2, Deok-Hwan Yang, MD, PhD2

Hyeoung-Joon Kim, MD, PhD2, Jin Young Kim, MD, PhD3

Young Rok Do, MD, PhD3, Keon Uk Park, MD, PhD3

Hong Suk Song, MD, PhD3, Ki Young Kwon, MD, PhD3

Min Kyung Kim, MD, PhD4, Kyung Hee Lee, MD, PhD4

Myung Soo Hyun, MD, PhD4, Hun Mo Ryoo, MD, PhD5

Sung Hwa Bae, MD, PhD5, Hwak Kim, MD, PhD6

Sang Kyun Sohn, MD, PhD1

1Department of Hematology/Oncology, 

Kyungpook National University Hospital, 

Kyungpook National University 

School of Medicine, Daegu, 
2Department of Hematology/Oncology, 

Chonnam National University Hwasun Hospital,

Chonnam University Medical School, Hwasun, 
3Department of Hematooncology, 

Dongsan Medical Center, 

Keimyung University School of Medicine, Daegu,
4Department of Internal Medicine, 

Yeungnam University College of Medicine, Daegu,
5Division of Hematology-Oncology, 

Department of Internal Medicine, 

Catholic University of 

Daegu School of Medicine, Daegu, 
6Ulsan University Hospital, 

University of Ulsan College of Medicine, 

Ulsan, Korea

Correspondence: Sang-Kyun Sohn, MD, PhD

Department of Hematology/Oncology, 

Kyungpook National University Hospital,

Kyungpook National University 

School of Medicine, 130 Dongdeok-ro, 

Jung-gu, Daegu 700-721, Korea   

E-mail: sksohn@knu.ac.kr

Received  December 18, 2012

Accepted  March 4, 2013

Purpose

We investigated the clinical outcome of bone marrow (BM) involvement in patients

with diffuse large B-cell lymphoma (DLBCL) who received rituximab-based therapy. 

Materials and Methods

A total of 567 consecutive patients with newly diagnosed DLBCL treated with ritux-

imab-CHOP (RCHOP) between November 2001 and March 2010 were included in the

current study. All of the patients underwent a BM study at the initial staging and the

clinical characteristics and prognosis of these patients with or without BM involve-

ment were analyzed retrospectively.

Results

The total cohort included 567 patients. The overall incidence of BM involvement was

8.5%. With a median follow-up duration of 33.2 months (range, 0.1 to 80.7 months)

for patients who were alive at the last follow-up, the five-year overall survival (OS) and

event-free survival (EFS) rate in patients without BM involvement (76.3% and 67.5%,

p＜0.001) was statistically higher than that in patients with BM involvement (44.3%

and 40.1%, p＜0.001). In multivariate analysis, among total patients, BM involvement

showed a significant association with OS and EFS. In univariate and multivariate

analyses, even among stage IV patients, a significant association with worse EFS was

observed in the BM involvement group. 

Conclusion

BM involvement at diagnosis affected the survival of patients with DLBCL who 

received RCHOP. Although use of RCHOP can result in significant improvement of the

therapeutic effect of DLBCL, BM involvement is still a negative prognostic factor of

DLBCL patients in the era of rituximab. 
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Introduction

Involvement of bone marrow (BM) has been reported in

10-30% of cases of diffuse large B-cell lymphoma (DLBCL)

[1,2]. Due to its prognostic and therapeutic implications, BM

involvement in patients with DLBCL is of critical impor-

tance. In general, patients with BM involvement are known

to have a more aggressive clinical course and advanced 

disease than patients without BM involvement [3]. Thus, BM

involvement showed an association with significantly

shorter survivals in patients with DLBCL [4]. 

Rituximab is a chimeric monoclonal antibody against the

protein CD20, which is found primarily on the surface of 

malignant B-cells [5]. The addition of rituximab to cyclophos-

phamide, vincristine, adriamycin, and prednisolone (CHOP)

has led to a notable improvement in the response rate and

survival outcomes for patients with DLBCL [6]. Several 

recent studies have demonstrated that inclusion of rituximab

in combination chemotherapy can result in a significantly 

improved therapeutic effect on DLBCL with BM involve-

ment. Some studies have also reported that rituximab could

relieve the negative impact of BM involvement [7,8]. Never-

theless, it is still uncertain whether rituximab plus CHOP

(RCHOP) can alter the clinical outcome of patients with BM

involvement in DLBCL. Accordingly, we evaluated the prog-

nosis of DLBCL patients with BM involvement who received

RCHOP.

Materials and Methods

1. Patients and treatment

We conducted a retrospective review of the medical

records of 567 patients with newly diagnosed DLBCL who

received RCHOP at six centers between November 2001 and

March 2010. All of the patients were evaluated using stan-

dard laboratory tests, computed tomography (CT) scans, and

a unilateral BM aspirate and biopsy at the time of diagnosis.

All of the BM biopsies were analyzed by a pathologist and a

hematologist using standard immunohistochemistry, along

with a visual assessment. Additional information was also

abstracted, including age, sex, performance status, presence

of B symptoms (fever, night sweats, and weight loss), pres-

ence of bulky disease (defined as tumor size＞10 cm), pres-

ence of extranodal disease, presence of BM involvement,

International Prognostic Index (IPI) scoring system [9],

serum lactate dehydrogenase (LDH), hemoglobin (Hb),

white blood cells (WBC), and platelets (Plt). All patients were

staged according to the Ann Arbor Staging classification

using CT scans [10]. An elevated LDH was defined as greater

than 480 U/L according to the upper normal limit. All of the

patients were treated with six cycles of RCHOP, while 

patients with a bulky disease received six cycles of RCHOP

with radiotherapy. This study was approved by the institu-

tional review board at each center. 

2. Statistical analysis

The descriptive statistics are reported as the proportion

and median. Overall survival (OS) was defined as the time

from diagnosis to death from any cause. Event-free survival

(EFS) was defined as the time from diagnosis to failure or

death from any cause [11]. OS and EFS were analyzed using

the Kaplan-Meier test, and each group was compared using

a log-rank test. Cox regression model was used to determine

the clinical predictors for OS and EFS. An effect was consid-

ered statistically significant when p＜0.05. All analyses were

performed using the SPSS ver. 14 (SPSS Inc., Chicago, IL).

Results

1. Patient characteristics

A summary of patient characteristics is shown in Table 1.

The total cohort included 567 patients. The median age of 

patients was 61.0 years (range, 16 to 89 years) and 56.3% were

male; 230 (40.6%) patients had stage III and IV at diagnosis,

and 107 patients (40.6%) were categorized as high or high-

intermediate risk according to their IPI. The overall incidence

of BM involvement was 8.5%. In patients with normal LDH

and a normal complete blood count (CBC), 1.8% had BM 

involvement. Among these 48 patients with BM involve-

ment, the median age was 60.0 years (range, 17 to 78 years)

and 64.6% were male. Thirty one patients had an elevated

LDH. The median CBC values were Hb 11.1 g/dL, WBC

6.5×109/L, and Plt 152×109/L. Sixteen patients had B symp-

toms, and eight patients had a bulky disease. Twenty six 

patients remain alive, while 20 patients relapsed and 26 

patients later died. 

2. Survival

With a median follow-up duration of 33.2 months (range,

0.1 to 80.7 months), among patients who were alive at the last

follow-up, the five-year OS and EFS rate was 74.6% and

65.4%, respectively. As shown in Fig. 1, the five-year OS and
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Table 1. Baseline characteristics according to BM involvement 

No BM involvement (n=519) BM involvement (n=48) Total (n=567)

Age (range, yr) 61.0 (16-89) 60.0 (17-78) 61.0 (16-89)

Male/Female 288 (55.5)/231 (44.5) 31 (64.5)/17 (35.4) 319 (56.3)/248 (43.7)

Performance status (ECOG)

0 84 (16.2) 3 (6.3) 87 (15.3)

1 335 (64.5) 27 (56.3) 362 (63.8)

2 82 (15.8) 13 (27.1) 95 (16.8)

3-4 18 (3.5) 5 (10.4) 23 (4.1)

Stage

I 120 (23.1) - 120 (21.2)

II 216 (41.6) - 217 (38.3)

III 123 (23.7) - 123 (21.7)

IV 60 (11.6) 48 (100) 107 (18.8)

IPI

Low 287 (55.3) 1 (2.1) 288 (50.8)

Low-intermediate 92 (17.7) 10 (20.8) 102 (18.0)

High-intermediate 85 (16.4) 16 (33.3) 101 (17.8)

High 55 (10.6) 21 (43.8) 76 (13.4)

B symptom 63 (12.1) 16 (33.3) 79 (13.9)

Bulky disease 58 (11.2) 8 (16.7) 66 (11.6)

Elevated LDH 217 (41.8) 31 (64.6) 248 (43.7)

Survival status

Alive 380 (73.2) 20 (41.7) 400 (70.6)

Death 112 (21.6) 26 (54.2) 138 (24.3)

Unknown 27 (5.2) 2 (4.2) 29 (5.1)

Values are presented as number (%). BM, bone marrow; ECOG, Eastern Cooperation Oncology Group; IPI, International 

Prognostic Index; LDH, lactate dehydrogenase.
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Fig. 1. Kaplan-Meier analysis of overall survival (A) and event-free survival (B) for patients with and without bone marrow

(BM) involvement.
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Table 2. Multivariate analysis for factors affecting EFS and OS 

EFS OS
Factor

HR 95% CI p-value HR 95% CI p-value

Older age (＜60 yr) 1.199 0.786-1.829 0.401 1.495 1.045-2.139 0.028

Male 0.866 0.571-1.312 0.497 0.849 0.602-1.199 0.354

Bulky disease (+) 2.680 1.668-4.308 ＜0.001 1.946 1.262-3.001 0.003

B symptom (+) 1.487 0.878-2.519 0.140 1.262 0.797-1.999 0.321

Elevated LDH 1.176 0.771-1.796 0.452 0.929 0.653-1.324 0.685

ECOG (2-4) 1.045 0.616-1.775 0.870 1.953 1.315-2.900 0.001

Extranodal involvement (＜1) 1.873 1.133-3.094 0.014 1.524 0.993-2.339 0.054

BM involvement (+) 2.717 1.538-4.801 0.001 2.459 1.499-4.033 ＜0.001

EFS, event-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; LDH, lactate dehydrogenase; ECOG,

Eastern Cooperation Oncology Group; BM, bone marrow. 

Table 3. Multivariate analysis for factors affecting EFS among stage IV patients

Factor HR 95% CI p-value

Older age (＜60 yr) 1.101 0.501-2.418 0.811

Male 0.937 0.425-2.068 0.872

Bulky disease (+) 2.211 0.957-5.108 0.063

B symptom (+) 1.986 0.856-4.609 0.110

Elevated LDH 0.622 0.287-1.351 0.230

ECOG (2-4) 0.863 0.360-2.065 0.740

Extranodal involvement (＜1) 2.621 1.003-6.848 0.049

BM involvement (+) 3.161 1.393-7.172 0.006

EFS, event-free survival; HR, hazard ratio; CI, confidence interval; LDH, lactate dehydrogenase; ECOG, Eastern Cooperation

Oncology Group; BM, bone marrow.
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Fig. 2. Kaplan-Meier analysis of overall survival (A) and event-free survival (B) for stage IV patients with and without bone

marrow (BM) involvement.
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EFS rate in patients without BM involvement (76.3% and

67.5%, p＜0.001) was statistically higher than that in patients

with BM involvement (44.3% and 40.1%, p＜0.001). In multi-

variate analysis, among total patients, BM involvement

showed a significant association with OS and EFS (Table 2).

In univariate and multivariate analyses, even among stage

IV patients, BM involvement group showed a significant 

association with worse EFS (Table 3, Fig. 2).

Discussion

The result of the current study demonstrates that patients

with BM involvement have a worse prognosis than patients

without BM involvement, even after receiving rituximab-

containing therapy. The poor prognosis of patients with BM

involvement has already been described in a number of stud-

ies. Conlan et al. [4] reported that BM involvement predicted

a short survival. In a separate study, the results consistently

confirmed that patients with marrow involvement had the

worst prognosis [12]. However, the significant improvement

in treatment outcomes observed following the introduction

of rituximab has altered risk assessment in DLBCL. In fact,

the IPI is a powerful tool for predicting the clinical outcome

in patients with aggressive non-hodgkin lymphoma [9].

However, only a few studies have used the IPI score for 

prediction and examination of the prognosis in DLBCL with

BM involvement. Chung et al. [12] recently reported an 

association of concordant BM involvement with poor prog-

nosis, which was independent of the IPI. Likewise, in the 

current study, the distribution of IPI scores for the patients

also varied from 2 to 5. 

This study pursued an in-depth report on the 48 patients

with BM involvement. Although BM involvement itself is a

poor risk, the common features associated with primary BM

DLBCL include an advanced lymphoma stage with relative

old age and poor performance [13]. Most of our patients were

also found to have poor clinical factors, including advanced

age, poor performance status, elevated LDH level, and B

symptoms at diagnosis. These findings are consistent with

those of a previous report on the features of BM involvement

[3]. 

Addition of rituximab to CHOP has led to a notable 

improvement in the response rate and survival outcomes for

patients with DLBCL [6]. Recent studies have also demon-

strated that the inclusion of rituximab in combination

chemotherapy has a significantly improved therapeutic effect

on DLBCL with BM involvement [7,8,14]. Although the 

precise relationship between rituximab and BM involvement

is not well understood, rituximab appears to efficiently erad-

icate neoplastic lymphoid cells in BM. In general, rituximab

is a therapeutic antibody that binds to a particular protein,

the CD20 antigen, on the surface of normal and malignant 

B-cells. It then recruits the body’s natural defences to attack

and kill the marked B-cells. Stem cells in BM lack the CD20

antigen, allowing for regeneration of healthy B-cells after

treatment and return to normal levels within several months

[5]. According to Abe et al. [15], rituximab treatment for 

relapsed CD20 positive acute lymphoblastic leukemia 

resulted in complete prevention of regrowth of bone tumors.

Some studies have also reported that lymphoma patients

who presented with only BM disease at diagnosis were

treated successfully with rituximab and combination

chemotherapy [16,17]. More specifically, rituximab therapy

in the case of autoimmune disease shows selective depletion

of pathogenic autoreactive B-cell clones in BM, as demon-

strated by molecular analysis [18]. Therefore, these observa-

tions indicated that BM involvement may not have a

significant impact on the prognosis of patients who receive

RCHOP. However, in the current study, a significant differ-

ence in five-year OS and EFS was observed between patients

with and without BM involvement who received RCHOP. 

In addition, after adjusting for other factors, multivariate

analysis according to OS and EFS also showed that BM 

involvement had a negative influence on survival. In univari-

ate and multivariate analyses, even among stage IV patients,

BM involvement group showed a significant association with

worse EFS. This finding suggests that treatment approach to

DLBCL with BM involvement should be considered sepa-

rately from those for DLBCL with normal BM. Some data

support the use of intensive multiagent chemotherapy in

eradication of neoplastic cells in BM [19]. In addition, more

intensive regimens have been used in lymphoblastic 

lymphoma, which typically presents as a widely dissemi-

nated disease with frequent BM involvement [20].  

Conclusion

Our data showed that BM involvement at diagnosis had a

negative impact on survival in patients with DLBCL who 

received RCHOP. These results suggest that BM involvement

is still a negative prognostic factor of DLBCL patients in the

era of rituximab. Prognostic subgroup analysis should be

evaluated and validated for patients with BM involvement,

and a more suitable treatment compatible with BM involve-

ment will be further investigated in patients with BM 

involvement.
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