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INTRODUCTION

B-cell precursor acute lymphoblastic leukemia (BCP-ALL) 
accounts for approximately 70–75% of all adult ALL cases 
[1,2]. BCP-ALL is characterized by immunophenotyping of 
blasts, for which CD20 expression has become clinically im-
portant owing to its prognostic significance and the devel-
opment of targeted agents [3,4]. CD20, a B-lineage-specific 
antigen, is expressed in normal and malignant cells. Gen-
erally, 80–90% of mature B cells express CD20, whereas 
30–50% of B cells in patients with BCP-ALL express CD20 
[5,6]. CD20 plays a pivotal role in cell cycle regulation via its 
function as a calcium channel, and its expression may be 
associated with drug resistance [7,8]. Although the prog-
nostic implications of CD20 expression in pediatric ALL are 
controversial, the influence of CD20 expression in adult pa-
tients with BCP-ALL treated with vincristine, doxorubicin, 
and dexamethasone (VAD) or hyperfractionated cyclophos-
phamide, vincristine, doxorubicin, and dexamethasone (hy-
per-CVAD) chemotherapy demonstrated a CD20 positivity 
rate of at least 20% was associated with poor prognosis 
[6,9-12]. 

Rituximab is a chimeric monoclonal antibody that targets 
CD20 expressed on the surface of malignant B-cells. Its 
incorporation into first-line chemotherapy significantly im-

proves outcomes for various B-cell lineage hematologic ma-
lignancies, such as diffuse large B-cell lymphoma and chronic 
lymphocytic leukemia [13-16]. Chemoimmunotherapy with 
a hyper-CVAD and rituximab regimen also improved survival 
in adult patients with CD20-positive Philadelphia (Ph) chro-
mosome-negative BCP-ALL [17,18]. In a randomized trial of 
209 patients with Ph-negative ALL, patients who received 
rituximab-containing chemotherapy had longer event-free 
survival (EFS) than those treated with conventional chemo-
therapy, with estimated 2-year EFS rates of 65% and 52%, 
respectively [18]. Thus, adding rituximab to intensive com-
bination chemotherapy has become the standard regimen 
for patients with Ph-negative BCP-ALL. Conversely, ritux-
imab is not widely recommended as a front-line regimen for 
patients with Ph-positive ALL, as tyrosine kinase inhibitors 
(TKIs) are typically used. Thus, clinical studies evaluating rit-
uximab plus multiagent chemotherapy with TKIs in patients 
with Ph-positive ALL are lacking.

In this multicenter, prospective clinical trial, we evaluat-
ed the survival benefit of rituximab-containing multiagent 
chemotherapy in patients with newly diagnosed CD20-ex-
pressing Ph-positive adult BCP-ALL. In addition, the effect of 
adding rituximab on prognosis in patients with Ph-negative 
ALL was also evaluated.

Background/Aims: We performed a prospective study to determine the efficacy and safety of rituximab including chemo-
therapy in CD20-positive acute lymphoblastic leukemia (ALL). 
Methods: Patients with newly diagnosed ALL, aged ≥ 15 years, were eligible for the study if their leukemic blast cells in 
bone marrow expressed CD20 ≥ 20% at the time of diagnosis. Patients received multiagent chemotherapy with rituximab. 
After achieving complete remission (CR), patients received five cycles of consolidation with concomitant rituximab. Rituximab 
was administered monthly from day 90 of transplantation for patients who received allogeneic hematopoietic cell transplan-
tation.
Results: In patients with Philadelphia (Ph)-negative ALL, 39 of 41 achieved CR (95.1%), the 2- and 4-year relapse-free surviv-
al (RFS) rates were 50.4% and 35.7%, and the 2- and 4-year overall survival (OS) rates were 51.5% and 43.2%, respectively. 
In the group with Ph-positive ALL, all 32 patients achieved CR, the 2- and 4-year RFS rates were 60.7% and 52.1%, and the 
2- and 4-year OS rates were 73.3% and 52.3%, respectively. In the Ph-negative ALL group, patients with higher CD20 pos-
itivity experienced more favorable RFS (p < 0.001) and OS (p = 0.06) than those with lower CD20 positivity. Patients who 
received ≥ 2 cycles of rituximab after transplantation had significantly improved RFS (hazard ratio [HR], 0.31; p = 0.049) and 
OS (HR, 0.29; p = 0.021) compared with those who received < 2 cycles.
Conclusions: The addition of rituximab to conventional chemotherapy for CD20-positive ALL is effective and tolerable (Clin-
icaltrials.gov NCT01429610).
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METHODS

Patient eligibility
Patients with newly diagnosed ALL, aged ≥ 15 years, were 
eligible for this study if their leukemic blast cells in bone 
marrow (BM) expressed CD20 antigen ≥ 20% at the time of 
diagnosis. Other inclusion criteria were: Eastern Cooperative 
Oncology Group performance status ≤ 2 or Karnofsky scale 
> 60%, adequate cardiac function (ejection fraction > 45%) 
evaluated by echocardiography, adequate kidney function 
(serum creatinine < 1.5 mg/dL), and adequate liver function 
(serum bilirubin < 1.5 mg/dL and serum transaminase < 3 
times the upper normal limit). Patients were excluded if they 
had an ongoing infection or were being treated for under-
lying disease with other investigational agents. Cytogenetic 
abnormalities were evaluated using conventional cytoge-
netics and fluorescent in-situ hybridization. The high-risk 
groups were defined as follows: age > 35 years, high white 
blood cell count (> 30.0 × 109/L), central nervous system 
(CNS) involvement with poor cytogenetic abnormalities such 
as hypodiploidy (≤ 44 chromosomes), t(9;22)(q34;q11.2):B-
CR-ABL1, t(v;11q23), and t(11;19):KMT2A translocations, 
and complex karyotypes (five or more chromosomal abnor-
malities) [19,20]. This study was approved by the Institu-
tional Review Board of Asan Medical Center (2011-0635), 
Kyungpook National University Hospital (2011-12-018) and 
each other participating center. Written informed consent 
was obtained from all patients.

Study design
This trial was a prospective, non-randomized, multicenter 
phase II study conducted from November 2011 to July 2015 
at 12 Korean centers. All enrolled patients received multi-
agent chemotherapy comprising vincristine/prednisolone/
daunorubicin and L-asparaginase (Ph-negative patients) or 
imatinib (Ph-positive patients) with rituximab, the details of 
which are summarized in Table 1. Eight infusions of ritux-
imab were administered throughout the treatment cycle 
according to previous reports [14,17]; on day 8 of induction 
and consolidation A and B, and on days 8 and 22 of consol-
idation C (Table 1). After achieving complete remission (CR), 
patients who could not undergo allogeneic hematopoietic 
cell transplantation (allo-HCT) received five cycles of con-
solidation chemotherapy with concomitant rituximab, fol-
lowed by 2 years of maintenance therapy. Ph-positive trans-
plant-eligible patients stopped taking imatinib prior to the 

allo-HCT, whereas transplant-ineligible patients took imati-
nib as maintenance therapy after consolidation for 2 years. 
Allo-HCT was performed when the patient had a suitable 
donor. Donor selection, conditioning regimen, and graft-
versus-host disease (GVHD) prophylaxis were determined 
by the investigator. For patients who underwent allo-HCT 
during consolidation, rituximab was administered monthly 
beginning on day 90 post-transplantation. All patients re-
ceived eight rituximab doses during the entire treatment 
period, regardless of allo-HCT status. CNS prophylaxis was 
performed using 15 mg of intrathecal methotrexate with  
50 mg of hydrocortisone during induction and consolida-
tions up to six cycles considering the condition(s) of the pa-
tients. This clinical trial is registered at www.clinicaltrials.gov 
as NCT01429610.

Evaluation of CD20 expression
Immunophenotypic analysis was performed using whole 
BM aspirate samples at the time of diagnosis. Lymphoblast 
surface antigens (CD19, CD20, and CD22) were detected 
using three- or four-color flow cytometry, and CD20 positiv-
ity was defined as a baseline CD20 expression rate of ≥ 20% 
blasts as reported previously [6,17]. The clinically significant 
cut-off value of CD20 expression remains unclear; thus, we 
used the receiver operating characteristic (ROC) curve and 
area under the curve (AUC) to set the cut-off value for sur-
vival analyses.

Assessment of response and safety
To determine the response to induction chemotherapy, a 
BM study was conducted on approximately the 28th day 
after induction initiation if the patient achieved an abso-
lute neutrophil count (ANC) ≥ 1,000/μL and platelet (PLT) 
count ≥ 100,000/μL. CR was achieved when there were  
< 5% blasts in the BM, ≥ 20% cellularity in the BM biop-
sy with normal maturation of all cell types, the disappear-
ance of BM chromosomal abnormality, absence of leukemia 
blasts in the peripheral blood, ANC ≥ 1,500/μL, PLT count  
≥ 100,000/μL, and no evidence of extramedullary involve-
ment of the CNS or soft tissue. Relapse was defined as dis-
ease recurrence after achieving CR with ≥ 5% blasts in the 
BM, blasts in the peripheral blood, or evidence of new ex-
tramedullary involvement. Patients who failed to achieve CR 
after induction therapy and were alive for over 1 week were 
considered resistant.

Safety assessments were conducted at each patient visit. 
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Toxicity was graded according to the Common Terminology 
Criteria for Adverse Events version 4.0 (NIH, Bethesda, MD, 
USA).

Statistical analyses 
The sample size was determined based on relapse-free sur-
vival (RFS). RFS was determined from the date of CR to the 

date of relapse or death from any cause, whichever occurred 
earlier. Overall survival (OS) was determined from the date 
of study enrollment to the date of death or last follow-up. 
To determine the time dependence of allo-HCT according 
to CD20 expression, the Simon and Makuch method was 
used for graphical representation, and the Mantel-Byar test 
was used for univariate analysis. The Cox regression model 

Table 1. Treatment schedule 

Schedulea) Drug Administration

Induction Daunorubicinb) 90 mg/m2/day, continuous IV infusion over 24 hours on days 1–3 (45 mg/
m2/day on days 1–3 for patients ≥ 65 years old)

Vincristine 2 mg/day, IV push on days 1, 8

Prednisolone 60 mg/m2/day, PO on days 1–14

L-asparaginase (Ph-negative) 4,000 units/m2/day, IM/SC on days 17–28

Imatinibc) (Ph-positive) 600 mg/day, PO from days 8 

Rituximabd) 375 mg/m2, IV on day 8

Consolidation A (cycle 1) Daunorubicin 45 mg/m2/day, continuous IV infusion over 24 hours on days 1, 2

Vincristine 2 mg/day, IV push on days 1, 8

Prednisolone 60 mg/m2/day, PO on days 1–14

L-asparaginase (Ph-negative) 4,000 units/m2/day, IM/SC on days 1–7

Imatinib (Ph-positive) 600 mg/day, PO

Rituximab 375 mg/m2, IV on day 8

Consolidation B (cycle 2, 4) Cytarabine 2,000 mg/m2/day, IV infusion over 2 hours on days 1–4 (1,000 mg/m2/
day on days 1–4 for patients ≥ 65 years old)

Etoposide 150 mg/m2/day, IV infusion over 3 hours on days 1–4 (100 mg/m2/day on 
days 1–4 for patients ≥ 65 years old)

Imatinib (Ph-positive) 600 mg/day, PO

Rituximab 375 mg/m2, IV on day 8

Consolidation C (cycle 3, 5) Methotrexate 220 mg/m2, IV bolus, then 60 mg/m2/hour for 36 hours on days 1–2 and 
15–16

Leucovorin 50 mg/m2 of leukocovin IV every 6 hours for three doses, and then oral 
leucovorin until the serum methotrexate level < 0.05 μmol/L.

Imatinib (Ph-positive) 600 mg/day, PO

Rituximab 375 mg/m2, IV on day 8, 22

Maintenance (for 2 years) 6-Mercaptopurine 60 mg/m2/day, PO on days 1–28

Methotrexate 20 mg/m2, PO on days 1, 8, 15, 22

Imatinib (Ph-positive) 600 mg/day, PO

IV, intravenous; PO, per oral; Ph, Philadelphia; IM, intramuscular; SC, subcutaneous.
a)Six total doses of intrathecal methotrexate (15 mg) with hydrocortisone (50 mg) were administered during the induction and con-
solidation chemotherapy for central nervous system prophylaxis.
b)If bone marrow examination on day 14 showed residual leukemic cells over 5%, daunorubicin 45 mg/m2/day by continuous intra-
venous infusion over 24 hours on day 15.
c)Ph-positive patients continued imatinib until allogeneic hematopoietic cell transplantation or 2-year maintenance.
d)Rituximab was administered on day 8 of induction and consolidation therapy. For consolidation C, rituximab was administered on 
days 8 and 22 to maximize its effect.
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was used for multivariate analyses. Factors with a p ≤ 0.1 
in the univariate analysis were included in the multivariate 
analysis. Hazard ratios (HRs) and 95% confidence intervals 
were estimated for each factor. Statistical significance was 
set at p < 0.05. All statistical analyses were performed us-
ing R statistical software (version 3.6.2; R Foundation for 
Statistical Computing, Vienna, Austria, available at http://
www.r-project.org). 

RESULTS

Patients
Seventy-eight patients with newly diagnosed ALL were en-
rolled from 12 centers. Five patients were excluded (three 

did not meet the inclusion criteria, one met the exclusion 
criteria, and one withdrew informed consent); therefore, 73 
patients were finally included in the trial. Forty-one patients 
(56.2%) were Ph-negative, and 32 (48.3%) were Ph-posi-
tive. The median age of patients with Ph-negative ALL was 
37 years, whereas that of patients with Ph-positive ALL was 
53 years (p = 0.013). All patients with Ph-positive ALL were 
classified into the high-risk group because of the presence 
of the t(9:22) or BCR-ABL1 fusion gene, whereas 27 pa-
tients (65.9%) with Ph-negative ALL were found to be at 
high risk. The median proportion of blasts expressing CD20 
was 51.8% (range, 20.2–95.1%) in patients with Ph-nega-
tive ALL and 42.4% (range, 20.6–99.4%) in patients with 
Ph-positive ALL. The baseline patient characteristics are 
summarized in Table 2.

Table 2. Patient characteristics

Characteristic Total (n = 73) Ph-negative (n = 41) Ph-positive (n = 32) p value

Age, yr 45.0 (16–79) 37.0 (16–79) 53 (18–71) 0.013

> 35 years 45 (61.6) 18 (43.9) 27 (84.4)

Sex 0.585

Male 35 (48) 18 (43.9) 17 (53.1)

Female 38 (52) 23 (56.1) 15 (46.9)

Extramedullary involvement 7 (9.6) 0.953

Cerebrospinal fluid 3 (4.1) 1 (2.4) 2 (6.3)

Others 4 (5.5) 3 (7.3) 1 (3.1)

Hemogram at diagnosis

WBC (×103/μL) 26.0 (0.6–571.5) 14.3 (0.6–571.5) 40.5 (1.2–547.3) 0.185

% BM blast 88.6 (33.9–99.2) 87.2 (47.2–98.4) 92.6 (33.9–99.2) 0.935

Serum laboratory results

LDH, IU 919 (162–12,396) 919 (162–12,396) 919 (178–6,595) 0.781

Risk groupsa) 0.001

Standard 14 (19.2) 14 (34.1) 0

High 59 (80.8) 27 (65.9) 32 (100.0)

Immunophenotype

CD20 47.5 (20.2–99.4) 51.8 (20.2–95.1) 42.2 (20.6–99.4) 0.591

Allo-HCT 43 (58.9) 20 (48.8) 23 (71.9) 0.080

No. of rituximab 6 (1–8) 0.710

No allo-HCT group 8 (1–8) 8 (1–8) 8 (4–8)

Allo-HCT group 6 (2–8) 6 (2–8) 6 (2–8)

Values are presented as median (range) or number (%).
Ph, Philadelphia; WBC, white blood cell; BM, bone marrow; LDH, lactate dehydrogenase; allo-HCT, allogeneic hematopoietic cell 
transplantation.
a)High-risk group: age > 35 years, poor cytogenetic abnormalities, WBC > 30.0 (×103/μL), central nervous system involvement.
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Response to therapy and progress 
After induction chemotherapy, 69 of 73 patients (94.5%) 
achieved CR, and two died of BM aplasia during induction 
therapy. The other two patients achieved CR after the first 
consolidation, yielding an overall CR rate of 97.3% (71 of 
73). Of the 73 patients, 43 (58.9%) underwent allo-HCT; 
prior to allo-HCT, 42 patients had achieved CR, and one 
had relapsed. A median of eight rituximab doses were ad-
ministered to the patients who received consolidation che-

motherapy alone, whereas a median of six rituximab doses 
were administered to the patients who underwent allo-HCT. 
After achieving CR, 29 patients (39.7%) experienced relapse 
(BM relapse in 28 patients and CNS relapse in one patient).

Thirty-nine of 41 patients (95.1%) with Ph-negative ALL 
achieved CR, and 20 patients (51.3%) experienced relapse 
during post-remission therapy. Among the 41 patients, 20 
(48.8%) received allo-HCT, of whom eight had disease re-
lapse. All 32 patients in the Ph-positive ALL group achieved 
CR. Nine patients experienced relapse, and the cumulative 
relapse rate was 28.1%. Twenty-three patients (71.9%) 
underwent allo-HCT, four of whom (17.4%) experienced 
relapse after transplantation. Figure 1 displays the flow dia-
gram of the enrolled patients.

Survival outcomes 
The median follow-up duration of all patients was 25.9 
months (range, 2.8–55.0). The 1-, 2-, and 4-year RFS rates 
were 68.4%, 55.3%, and 40.2%, respectively, whereas 
the 1-, 2-, and 4-year OS rates were 78.7%, 60.8%, and 
48.0%, respectively (Supplementary Fig. 1). In patients 
with Ph-negative ALL, 21 (51.2%) died, with 10 dying af-
ter transplantation owing to disease progression (n = 8), 
acute GVHD (n = 1), and infection (n = 1). Ten patients 
(31.3%) with Ph-positive ALL died, of which eight died af-
ter allo-HCT owing to disease progression (n = 3), infection  
(n = 3), brain hemorrhage (n = 1), and acute pancreatitis  
(n = 1). The 2- and 4-year RFS rates in patients with Ph-neg-
ative ALL were 50.4% and 35.7%, respectively, whereas the 

78 Assessed for eligibility

73 Enrolled

Ph negative Ph positive

41 Induction therapy
• 2 Deaths
• 1 Refractory

Post-remission therapy
• 20 Allogeneic HCT
• 19 Consolidation

32 Induction therapy
• 1 Refractory

5 Excluded
• 3 Not meeting inclusion criteria
• 1 Uncontrolled underlying disease
• 1 Declined to participate

Post-remission therapy
• 23 Allogeneic HCT
• 9 Consolidation

Figure 1. Consort diagram. Ph, Philadelphia; HCT, hematopoietic 
cell transplantation.

Figure 2. Kaplan-Meier curves according to diagnosis. Patients with Ph-positive ALL exhibited better trends in relapse-free survival (A) 
and overall survival (B) than those with Ph-negative ALL. CR, complete remission; RFS, relapse-free survival; Ph, Philadelphia; OS, overall 
survival; ALL, acute lymphoblastic leukemia.
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2- and 4-year OS rates were 51.5% and 43.2%, respectively. 
The 2- and 4-year RFS rates in patients with Ph-positive ALL 
were 60.7% and 52.1%, respectively, whereas the 2- and 
4-year OS rates were 73.3% and 52.3%, respectively. Over-
all, patients with Ph-negative ALL had a higher incidence of 
disease relapse. In contrast, patients with Ph-positive ALL 
showed better RFS and OS (Fig. 2). The cumulative 2-year 
incidence of non-relapse mortality (NRM) was comparable 
between groups at 20.2% and 23.4% in Ph-negative and 
-positive ALL patients, respectively (Supplementary Fig. 2). 

Comparison of outcomes based on CD20  
expression
There was no significant difference in CD20 expression be-
tween patients with Ph-negative or -positive ALL. Overall, 
the median CD20 expression rate was 47.5%. We analyzed 

CD20 positivity and relapse using the ROC curve and AUC 
to identify a clinically significant cut-off value for surviv-
al (Supplementary Fig. 3). Our data suggests that 46.3% 
CD20 positivity was the most reliable cutoff value. Patients 
with higher (≥ 46.3%) CD20 positivity experienced signifi-
cantly longer RFS (p = 0.006) than those with lower CD20 
positivity (< 46.3%). Moreover, the CD20 positivity rate at 
diagnosis had a more significant effect on the long-term 
clinical course of patients with Ph-negative ALL than those 
with Ph-positive ALL. In the Ph-negative ALL group, patients 
with high CD20 positivity experienced more favorable RFS 
(p < 0.001) and OS (p = 0.06) compared to those with low 
CD20 positivity; conversely, CD20 positivity was not associ-
ated with differences in the long-term outcomes (RFS and 
OS) of patients with Ph-positive ALL (Fig. 3).

Figure 3. Comparison of outcomes according to CD20 positivity rate. Patients with high CD20 positivity experienced significantly better 
relapse-free survival (RFS) than those with low CD20 positivity (A). CD20 positivity did not significantly affect the overall survival (OS) rate (B). 
Ph-negative ALL patients with high CD20 positivity tended to experience more favorable RFS (C) and OS (D). CR, complete remission; ALL, 
acute lymphoblastic leukemia.
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Comparison of outcomes based on allo-HCT 
status
A total of 43 patients (58.9%) proceeded to receive front-
line allo-HCT at a median of 4.3 months (range, 1.7–11.9) 
after achieving CR and after a median of 3 cycles (rang-
es, 2–5) of consolidation. The details of allo-HCT are sum-
marized in Supplementary Table 1. Overall, patients who 
underwent allo-HCT experienced a lower frequency of re-
currence. In contrast, patients who did not undergo trans-
plantation experienced continuous disease relapse over time 
(Supplementary Fig. 4). However, there was no significant 
difference in the long-term survival of patients receiving al-
lo-HCT or not, regardless of CD20 expression (Supplemen-
tary Fig. 5). In our long-term survival analysis, patients with 
Ph-positive ALL experienced better RFS (p = 0.059) following 
allo-HCT than those with Ph-negative ALL; however, trans-
plantation had no effect on OS.

Patients who underwent allo-HCT received rituximab a medi-
an of six times (range, 2–8); however, 17 patients (10 Ph-neg-

ative and seven Ph-positive patients) did not receive rituximab 
after transplantation owing to patient refusal (n = 7), relapse 
(n = 3), the discretion of the clinician (n = 3), having complet-
ed the rituximab schedule before allo-HCT (n = 2), an adverse 
event (AE) (n = 1), or death (n = 1). Additionally, five patients 
received only one additional dose of rituximab based on the dis-
cretion of the clinician (n = 3), relapse (n = 1), or an AE (n = 1).  
Three patients received two cycles of rituximab, and 18 pa-
tients received three cycles of rituximab after transplantation. In 
patients who underwent allo-HCT, the total number of cycles 
of rituximab received throughout the treatment period did not 
affect long-term survival; however, patients who received rit-
uximab for at least one cycle after allo-HCT experienced better 
RFS (HR, 0.37; p = 0.079) and OS (HR, 0.38; p = 0.045) than 
patients who did not receive rituximab after transplantation. 
Furthermore, patients who received ≥ 2 cycles of rituximab af-
ter transplantation had significantly improved RFS (HR, 0.31;  
p = 0.049) and OS (HR, 0.29; p = 0.021) compared to those 
who received < 2 cycles (Supplementary Fig. 6).

Table 4. Factors affecting long-term survival

Univariate Multivariate

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

Relapse-free survival

Age ≥ 35 vs. < 35 0.54 0.179–1.644 0.280

Female vs. male 1.17 0.471–2.919 0.732

WBC ≥ 30.0 (× 103/μL) vs. < 30.0 (× 103/μL) 1.65 0.643–4.212 0.299

Ph-negative ALL vs. Ph-positive ALL 2.20 0.780–6.221 0.136

Extramedullary involvement vs. none 1.72 0.341–8.627 0.512

High risk vs. standard risk 1.32 0.322–5.389 0.701

CD20 high vs. low 0.21 0.087–0.054 < 0.001 0.25 0.105–0.571 0.001

No. of rituximab ≥ 4 vs. < 4 0.23 0.076–0.722 0.012 0.29 0.111–0.764 0.012

Allogeneic HCT vs. none 0.42 0.176–0.993 0.048 0.44 0.204–0.943 0.035

Overall survival

Age ≥ 35 vs. < 35 0.54 0.163–1.804 0.318

Female vs. male 1.60 0.623–4.108 0.328

WBC ≥ 30.0 (× 103/μL) vs. < 30.0 (× 103/μL) 2.35 1.004–5.485 0.049 2.00 0.947–4.243 0.069

Ph-negative ALL vs. Ph-positive ALL 1.69 0.625–4.558 0.302

Extramedullary involvement vs. none 4.74 1.540–14.564 0.007 3.44 1.237–9.589 0.018

High risk vs. standard risk 0.84 0.226–3.133 0.796

CD20 high vs. low 0.48 0.213–1.091 0.080 0.51 0.242–1.078 0.078

No. of rituximab ≥ 4 vs. < 4 0.12 0.041–0.348 < 0.001 0.18 0.075–0.407 < 0.001

Allogeneic HCT vs. none 0.67 0.297–1.496 0.326

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; Ph, Philadelphia; ALL, acute lymphoblastic leukemia; HCT, hema-
topoietic cell transplantation.
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Toxicities of combination chemotherapy with 
rituximab and imatinib
All grade 3 or 4 severe AEs reported during induction and/
or consolidation chemotherapy are summarized in Table 3. 
Seventy-two of 73 patients (98.6%, one died before the rit-
uximab schedule) were successfully administered rituximab 
infusions during induction therapy. All patients received 
rituximab according to the planned schedules during con-
solidation or after allo-HCT unless disease relapse or death 
occurred. Rituximab-related grade 3+ AEs were rare. Infu-
sion-related reactions (n = 3), anaphylaxis (n = 1), non-cardi-
ac chest pain (n = 1), and chills (n = 2) were reported as rit-
uximab-related severe AEs. During induction, four patients 
discontinued imatinib for 2–14 days owing to infection  
(n = 2) or nausea/vomiting (n = 2); however, no dose reduc-
tion occurred. Transient interruptions of imatinib were re-
ported, and the imatinib dose in four patients was reduced 
to 400 mg/day owing to severe nausea/vomiting during 
consolidation. The hematologic/non-hematological toxicity 
profiles were tolerable. Cytopenia is a common hematolog-
ic AE. Most patients were administered granulocyte-colony 
stimulating factor and received transfusions during chemo-
therapy. Febrile neutropenia and serum aspartate transam-
inase/alanine aminotransferase elevation were the most 
reported severe AEs. Other causative AEs during induction 
and/or consolidation included skin rashes, nausea/vomiting, 
oral mucositis, and peripheral neuropathy. There were no 
statistically significant differences in the toxicity profiles of 
Ph-negative and -positive patients with ALL.

Prognostic factors affecting long-term survival
Cox regression analyses were performed to identify signifi-
cant factors that influenced RFS and OS. The results of uni-
variate and multivariate analyses are shown in Table 4. In 
the multivariate analysis, high positivity of CD20 (HR, 0.21; 
p = 0.001), ≥ 4 cycles of rituximab (HR, 0.29; p = 0.012), 
and allo-HCT (HR, 0.44; p = 0.035) were favorable factors 
for RFS, whereas extramedullary involvement at diagnosis 
(HR, 3.44; p = 0.018) and the number of rituximab cycles 
(HR, 0.18; p < 0.001) were independent predictors for OS.

DISCUSSION

This study was conducted to determine the prognostic rel-
evance of CD20 expression and the effect of rituximab in 
de novo adult BCP-ALL. The results suggest that the addi-
tion of rituximab to conventional chemotherapy regimens 
for CD20-positive BCP-ALL is effective and tolerable in both 
Ph-negative and -positive ALL patients. 

In a clinical trial that used the same multiagent regimen 
as our study, Kim et al. [21] reported a 72% 2-year OS rate 
in 82 Ph-positive patients treated with nilotinib plus chemo-
therapy, which is at par with our findings for rituximab. In 
their study, the median age of the enrolled patients was 
47 years, and 69.5% of patients underwent allo-HCT [20]. 
The median age of Ph-positive patients in our trial was high-
er than that of previous studies (53 years), with 71.9% of 
patients undergoing allo-HCT [21,22]. Importantly, toxicities 
related to imatinib and rituximab did not affect the treat-
ment, and the NRMs were not a cause for concern.

Table 5. Comparison of survival outcomes 

Baek et al. [22] Thomas et al. [17] Maury et al. [18] Marks et al. [23] 

Ph-neg Ph-pos Ph-neg Ph-neg Ph-neg & Ph-pos

VPDL VPDL/R VPDL VPDL/R HCVAD HCVAD/R GRALL GRALL/R UKALL14 UKALL14/R

2-year RFS, % 34 50 61 61 52 65

4-year RFS, % 27 36 41 52 37a) 73a) 43 55 44a) 51a)

2-year OS, % 42 52 57 73 64 71

4-year OS, % 30 43 45 52 45b) 57b) 50 61 53b) 57b)

Ph-neg, Philadelphia negative; Ph-pos, Philadelphia positive; VPDL, vincristine, prednisolone, daunorubicin, and L-asparaginase;  
R, rituximab; HCVAD, hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone; GRALL, Group for Research  
on Adult Acute Lymphoblastic Leukemia; UKALL14, UK National Cancer Research Institute Adult ALL group study (NCT01085617); 
RFS, relapse-free survival; OS, overall survival.
a)3-year disease-free survival.
b)3-year overall survival.
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Compared with the historical treatment group who re-
ceived the same chemotherapy regimen without rituximab, 
patients who received rituximab-containing therapy exhibit-
ed better RFS and OS (Supplementary Fig. 7, Supplementary 
Table 2). Although improved survival outcomes were identi-
fied through a comparative study with a historical treatment 
group, long-term survivals in this study remained lower than 
expected (Table 5). Recently, outcomes of a phase 3 mul-
ticenter randomized controlled trial were reported. Adult 
patients with BCP-ALL received four doses of rituximab plus 
standard chemotherapy; 3-year EFS was 51.4%, and 3-year 
OS was 57.3% [23]. These results were not significantly dif-
ferent from our findings. Therefore, death during chemo-
therapy or stem cell transplantation (NRM) and its effect on 
the overall study outcomes should be considered.

Careful survival analysis is required in patients with 
Ph-negative ALL treated with rituximab and immunoche-
motherapy. In retrospective long-term data of de novo 
BCP-ALL, patients with > 20% CD20 positivity experienced 
worse outcomes; however, survival improved when ritux-
imab was combined with chemotherapy [6,24,25]. To date, 
only a few studies have evaluated the relationship between 
survival outcomes and the proportion of CD20-positive 
blasts. In our study, patients with a > 46.3% CD20 positivity 
rate experienced better RFS and EFS than those with lower 
CD20 positivity. This finding is consistent with that reported 
by Maury et al. [18], who conducted a clinical trial with 209 
de novo Ph-negative and CD20-positive ALL patients treated 
with rituximab plus the GRAALL-2005 regimen. In their trial, 
the median percentage of CD20-positive blasts was 66%, 
and patients with a > 66% CD20 positivity rate experienced 
favorable outcomes following rituximab treatment [18]. 
Furthermore, minimal residual disease (MRD) responders 
reportedly exhibited higher CD20 expression during ritux-
imab-containing regimens than MRD persisters [26]. Thus, 
the use of rituximab only in patients with CD20 positivity 
above the arbitrary threshold of 20% remains controversial. 
Changes in CD20 positivity rates have been observed during 
early treatment [26], and pretreatment with corticosteroids 
reportedly upregulates CD20 expression in leukemia cells 
[27,28]. Therefore, studies evaluating combinatorial immu-
nochemotherapy with rituximab in patients with BCP-ALL 
with CD20 levels < 20% are warranted.

Even in the era of intensive chemotherapy with targeted 
agents, disease relapse remains a major cause of treatment 
failure in adult ALL patients, and allo-HCT after CR remains 

the go-to treatment [29,30]. Previous studies have reported 
an approximately 30–50% chance of relapse within 2 years 
following allo-HCT [31,32]; thus, post-transplant strategies 
are needed to maintain long-term CR. In the present study, 
43 of 73 patients (58.9%) underwent frontline allo-HCT, 
and those who received at least one cycle of rituximab after 
transplantation showed improved long-term survival. No-
tably, the statistical significance was further strengthened 
when comparing patients who received ≥ 2 cycles of rit-
uximab after transplantation with those who received < 2 
cycles. However, our data with regard to the use of post- 
transplant rituximab should be cautiously interpreted. Our 
results are not based on MRD, and patients who were un-
suitable for further treatment after transplantation were likely 
not receiving rituximab. Rituximab is also used to treat GVHD, 
but the consensus on whether it affects the graft-versus-leu-
kemia effect after allogeneic transplantation remains unclear.

The findings of the present study indicated significantly 
improved outcomes with rituximab; however, the major lim-
itation is that the MRD test was not performed for the issues 
of the standardization for each hospital during the study pe-
riod. Overcoming this limitation may provide clearer insights 
into choosing patients who would benefit the most from 
rituximab in combination with multi-agent chemotherapy.

In conclusion, the combination of rituximab with multi-
agent chemotherapy is a feasible and promising treatment 
strategy. Although this was not a randomized trial, we ob-
served a positive relationship between CD20 positivity and 
disease outcome, suggesting that the addition of rituximab 
to traditional multiagent chemotherapy may improve clinical 
outcomes, irrespective of Ph chromosome status or trans-
plantation performance. Overall, this trial supports the addi-
tion of rituximab to chemotherapy treatment strategies for 
patients with ALL.

KEY MESSAGE
1. The addition of rituximab to conventional chemo-

therapy for CD20-positive acute lymphoblastic leu-
kemia (ALL) is effective and tolerable.

2. CD20 positivity rate at diagnosis had a greater 
effect on the long-term clinical course of patients 
with ALL.

3. Patients who received ≥ 2 cycles of rituximab after 
allogeneic hematopoietic cell transplantation had 
significantly improved long-term survival.
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Supplementary Figure 1. Survival outcomes. Relapse-free survival (A) and overall survival (B) of all patients.
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Supplementary Figure 2. Cumulative incidence of non-relapse 
mortality (NRM). There were no statistically significant differences 
in NRM between patients with Ph-negative or Ph-positive ALL. 
Ph, Philadelphia; ALL, acute lymphoblastic leukemia.
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Supplementary Figure 3. Receiver operating characteristic (ROC) curve and area under the curve (AUC). lr.età, learning rate.eta (η); 
Sens, sensitivity; Spec, specificity; PV, positive predictive value; est, estimate; s.e, standard error.
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Supplementary Figure 4. Cumulative incidence of relapse. 
Patients who underwent allogeneic hematopoietic cell trans-
plantation (allo-HCT) tended to experience a lower frequency of 
recurrence, while those who could not proceed to transplantation 
experienced continuous disease relapse overtime.
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Supplementary Figure 5. Comparison of survival outcomes according to allo-HCT and CD20 expression level. There was no significant 
difference in the long-term survival of patients receiving allo-HCT or not, regardless of CD20 expression. (A) Overall RFS of patients.  
(B) Overall OS of patients. (C) RFS of low CD20 patients. (D) OS of low CD20 patients. (E) RFS of high CD20 patients. (F) OS of high CD20 
patients. RFS, relapse-free survival; allo-HCT, allogeneic hematopoietic cell transplantation; OS, overall survival.
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Supplementary Figure 6. Comparison of outcomes according to the number of rituximab cycles administered after transplantation. Pa-
tients who were administered ≥ 2 cycles of rituximab after transplantation experienced significantly improved relapse-free survival (RFS) (A) 
and overall survival (OS) (B) compared to patients who received < 2 cycles of rituximab. CR, complete remission.
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Supplementary Figure 7. Kaplan-Meier curve. Patients with rituximab group exhibited better survivals than historical patient group.  
(A) Relapse-free survival. (B) Overall survival.
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Supplementary Table 1. Patient characteristics related to transplantation

Characteristic Total (n = 43) Ph-negative (n = 20) Ph-positive (n = 23) p value

Age, yr 38 (18–60) 32.5 (18–55) 49 (18–60) 0.002

> 35 years 27 (62.8) 8 (40.0) 19 (82.6)

Sex 0.904

Male 23 (53.5) 10 (50.0) 13 (56.5)

Female 20 (46.5) 10 (50.0) 10 (43.5)

CD20 expression 51.8 (20.9–99.4) 56.1 (20.9–95.1) 48.5 (21–99.4) 0.988

Donor 0.759

Matched sibling 10 (23.3) 5 (25.0) 5 (21.7)

Haploidentical 7 (16.3) 4 (20.0) 3 (13.0)

Matched unrelated 26 (60.5) 11 (55.5) 15 (65.2)

Conditioning 0.711

Myeloablative 17 (39.5) 9 (45.0) 8 (34.8)

Non-myeloablative 26 (60.5) 11 (55.0) 15 (65.2)

TBI 7 (16.3) 5 (25.0) 2 (8.7) 0.303

No. of total rituximab 6 (2–8) 6 (2–8) 6 (2–8) 0.955

No. of rituximab prior to allo-HCT 3 (2–8) 4 (2–8) 3 (2–8) 0.542

No. of rituximab after allo-HCT 1 (0–3) 1 (0–3) 2 (0–3) 0.442

Values are presented as median (range) or number (%).
Ph, Philadelphia; TBI, total body irradiation; allo-HCT, allogeneic hematopoietic cell transplantation.
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Supplementary Table 2. Comparison of long-term outcomes between study group and historical group

2-year RFS, % 2-year OS, % 4-year RFS, % 4-year OS, %

Rituximab including group

Overall patients 55.3 60.8 40.2 48.0

Ph-positive 60.7 73.3 52.1 52.3

Ph-negative 50.4 51.5 35.7 43.2

Historical group

Overall patients 39.7 45.1 30.9 32.9

Ph-positive 60.9 56.7 40.6 45.3

Ph-negative 34.4 42.1 27.3 30.0

RFS, relapse-free survival; OS, overall survival; Ph, Philadelphia.
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