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Abstract
The efficiency of upfront consolidation with high-dose chemotherapy/autolo-
gous stem-cell transplantation (HDCT/ASCT) for newly diagnosed high-risk diffuse 
large B-cell lymphoma (DLBCL) may be influenced by induction chemotherapy. To 
select better induction chemotherapy regimens for HDCT/ASCT, a randomized 
phase II study was conducted in high-risk DLBCL patients having an age-adjusted 
International Prognostic Index (aaIPI) score of 2 or 3. As induction chemotherapy, 
6 cycles of R-CHOP-14 (arm A) or 3 cycles of R-CHOP-14 followed by 3 cycles of 
CHASER (arm B) were planned, and patients who responded proceeded to HDCT 
with LEED and ASCT. The primary endpoint was 2-y progression-free survival (PFS), 
and the main secondary endpoints included overall survival, overall response rate, 
and adverse events (AEs). In total, 71 patients were enrolled. With a median follow-up 
of 40.3 mo, 2-y PFS in arms A and B were 68.6% (95% confidence interval [CI], 50.5%-
81.2%) and 66.7% (95% CI: 48.8%-79.5%), respectively. Overall survival at 2 y in arms 
A and B was 74.3% (95% CI: 56.4%-85.7%) and 83.3% (95% CI: 66.6%-92.1%). Overall 
response rates were 82.9% in arm A and 69.4% in arm B. During induction chemo-
therapy, 45.7% and 75.0% of patients in arms A and B, respectively, had grade ≥ 3 
non-hematologic toxicities. One patient in arm A and 6 in arm B discontinued induc-
tion chemotherapy due to AEs. In conclusion, R-CHOP-14 showed higher 2-y PFS and 
less toxicity compared with R-CHOP-14/CHASER in patients with high-risk DLBCL, 
suggesting the former to be a more promising induction regimen for further investiga-
tions (UMIN-CTR, UMIN000003823).

K E Y W O R D S

autologous stem-cell transplantation, diffuse large B-cell lymphoma, high-dose chemotherapy, 
induction chemotherapy, JCOG-LSG

1  | INTRODUC TION

R-CHOP is the standard therapy in patients with diffuse large B-cell 
lymphoma (DLBCL), irrespective of the risk assessed using the 
International Prognostic Index (IPI), but approximately 40%-50% of pa-
tients in higher risk groups are not cured.1,2 The role of high-dose che-
motherapy (HDCT) and autologous stem-cell transplantation (ASCT) 
has been investigated because HDCT followed by ASCT (HDCT/ASCT) 
was established by the PARMA trial as the standard salvage treatment 
strategy in relapsed and refractory DLBCL.3 Therefore, HDCT in an 
upfront setting was investigated to improve the clinical outcome of 
newly diagnosed DLBCL. In the rituximab era, although 2 prospective 

randomized trials showed improvement in progression-free survival 
(PFS),4,5 improvement in overall survival (OS) could not be achieved in 
all trials including these 2 trials.4-7 These results suggested that HDCT/
ASCT is effective in the first progression of R-CHOP therapy, although 
HDCT/ASCT as salvage setting may be applicable for approximately 
half of patient that have relapsed. An upfront HDCT/ASCT strategy 
has been expected to improve the prognosis of poor-risk DLBCL, nev-
ertheless its refinement remains necessary.

Two randomized trials in the pre-rituximab era showed that a 
short course of an induction regimen followed by HDCT/ASCT failed 
to improve outcomes, suggesting that induction therapy plays a cru-
cial role.8,9 For the optimization of induction chemotherapy before 
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HDCT/ASCT, we hypothesized that increased dose intensity (DI) of 
R-CHOP or addition of non-cross-resistant chemotherapy might be 
effective. Among the several candidate regimens, we adopted a 2-wk 
interval R-CHOP therapy (R-CHOP-14) as DI regimens for standard 
R-CHOP based on the results of a Japanese randomized phase II 
study of CHOP-14 and dose-escalated CHOP in aggressive non-Hod-
gkin lymphoma (JCOG 9505), which concluded that CHOP-14 was 
superior to dose-escalated CHOP for PFS.10 Moreover, in the JCOG 
9809 study, which was a phase III trial comparing CHOP-14 with 
CHOP-21 subgroup analysis, indicated that the efficacy of CHOP-14 
was slightly greater than that of CHOP-21 in terms of OS and PFS in 
younger patients although the difference of efficacy was not statis-
tically significant.11 The other regimen, CHASER, was adopted as a 
non-cross-resistant regimen to R-CHOP, which was originally devel-
oped as the salvage regimen containing etoposide and cytarabine, 
and was effective in refractory and relapsed DLBCL.12,13 We prepared 
these 2 induction regimens, R-CHOP-14 and R-CHOP-14, followed by 
CHASER to clarify their efficacy in combining with HDCT/ASCT.

To select a better induction regimen for HDCT/ASCT, the 
Lymphoma Study Group of Japan Clinical Oncology Group (JCOG-LSG) 
conducted a randomized phase II selection design study, JCOG0908, 
in previously untreated patients with high-intermediate (HI)-risk or 
high (H)-risk DLBCL on age-adjusted International Prognostic Index 
(aaIPI). This study was registered with UMIN-CTR, UMIN000003823.

2  | MATERIAL S AND METHODS

2.1 | Trial information

The study protocol was approved by the Protocol Review Committee 
of JCOG and by the respective institutional review boards. Written 
informed consent was obtained from each patient before enrolment 
in accordance with the Declaration of Helsinki.

2.2 | Eligibility criteria

The major eligibility criteria were as follows: previously untreated 
CD20-positive DLBCL or primary mediastinal large B-cell lymphoma 
based on World Health Organization (WHO) classification (2008)14 
of measurable lymphoma lesion(s); aaIPI HI or H15; age 20-65  y; 
Eastern Cooperative Oncology Group performance status (PS) of 
0-2; and Ann Arbor stage II bulky, III, IV according to the American 
Joint Committee on Cancer Manual 6th edition.16

2.3 | Randomization and masking

Patients were randomly assigned in a 1:1 ratio to the R-CHOP-14 
arm (arm A) or R-CHOP-14/CHASER arm (arm B) at the JCOG Data 
Center, using a minimization method with biased-coin assignment 
balancing on institute and aaIPI (HI vs H).

2.4 | Treatment

Arm A consisted of 6 cycles of R-CHOP-14 (rituximab 375 mg/m2, 
cyclophosphamide 750  mg/m2, doxorubicin 50  mg/m2, vincristine 
1.4 mg/m2 [maximum 2 mg/body], on day 1, and prednisone 100 mg 
on days 1-5, granulocyte-colony stimulating factor (G-CSF) on days 
8-13, every 2 wk), and arm B had 3 cycles of R-CHOP-14 followed by 
3 cycles of CHASER (rituximab 375 mg/m2 on day 1, cyclophospha-
mide 1200 mg/m2 on day 2, cytarabine 2000 mg/m2 on days 3-4, 
dexamethasone 40 mg/body on days 2-4 and etoposide 100 mg/m2 
on days 2-4, G-CSF from day 8, every 3 wk).13,17 From the 4th cycle, 
peripheral blood stem cells (PBSCs) were harvested over 2  ×  106 
CD34-positive cells/kg. After induction therapy, patients with com-
plete response (CR) or partial response (PR) proceeded to HDCT 
with LEED (cyclophosphamide 60 mg/kg on days −4 and −3, etopo-
side 500 mg/m2 on days −4 to −2, melphalan 130 mg/m2 on day −1 
and dexamethasone 40 mg/body on days −4 to −1) and ASCT on day 
0. Radiation therapy was performed on a solitary mass after ASCT.

2.5 | Response assessment and endpoint

Responses were assessed by restaging at the end of the induc-
tion therapy, HDCT, and radiotherapy, if applied, according to the 
Revised Response Criteria for Malignant Lymphoma 2007.18 AEs 
were graded according to the Common Terminology Criteria for 
Adverse Events version 3.0. Pathological diagnosis was centrally re-
viewed by 3 hematopathologists.

The primary endpoint was 2-y PFS which defined time from 
registration until the following events: disease progression, re-
lapse, or death from any cause. It was censored at the final confir-
mation date of PFS. The secondary endpoints were 5-y PFS; 2- and 
5-y OS calculated from the date of registration until death from 
any cause or censored at the last follow-up date; CR rate, overall 
response rate (ORR), the proportion of AEs, and incidence of sec-
ondary neoplasms.

2.6 | Statistical consideration

The sample size was determined as 70, which had at least 80% 
probability of selecting the better arm with an expected 2-y PFS 
of 65% in the worse arm and 75% in the better arm (Simon's selec-
tion design).19

3  | RESULTS

3.1 | Patients characteristics

From June 2010 to February 2015, 71 patients were enrolled from 
25 institutes and all randomly assigned as follows: 35 to arm A and 
36 to arm B (Figure 1). The patients characteristics are summarized 
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in Table  1, and all factors were balanced between both arms. On 
the Central Pathological Review, 3 patients with follicular lymphoma 
(FLG3A), mantle cell lymphoma in arm A, or B-cell lymphoblastic 
lymphoma (B-LBL) in arm B were deemed ineligible. These patients 
were included in the following analyses.

3.2 | Treatment courses

During the induction chemotherapy, treatment was discontinued in 4 
out of 35 patients in arm A because of disease progression (Figure 1). 
In arm B, a total of 7 out of 36 patients could not proceed to HDCT 
due to disease progression in 1 patient, AEs in 2 patients, patient 
refusal due to AE in 3 patients and insufficient stem-cell harvest in 
1 patient. In total, 31 patients in arm A and 29 in arm B proceeded 
to HDCT/ASCT. During HDCT, 1 patient in each arm discontinued 
treatment because of withdrawal due to AEs. Finally, 30 patients in 
arm A and 28 in arm B completed the protocol treatments. Radiation 
therapy to a residual site was given to 2 patients in arm A and 1 pa-
tient in arm B after HDCT/ASCT.

PBSC harvest was carried out for 33 out of 35 patients in 
arm A and all 36 patients in arm B. The median numbers of 
harvested PBSCs were 5.4 (2.10-25.70)  ×  106/kg cells in arm 

A and 10.3 (0.58-78.00) × 106/kg cells in arm B. All patients in 
arm A had successful PBSC collections, but 2 out of 36 patients 
in arm B failed to obtain 2  ×  106/kg or more CD34-positive 
PBSCs. (Table 2).

3.3 | Efficacy

With a median follow-up of 40.3 mo (range: 1.0-75.9) among all reg-
istered patients, 2-y PFS as the primary endpoint in arms A and B 
were estimated to be 68.6% (95% confidence interval [CI]: 50.5%-
81.2%) and 66.7% (95% CI: 48.8%-79.5%), respectively (Figure  2). 
PFS at 5-y was 68.6% (95% CI: 50.5%-81.2%) in arm A and 62.7% 
(95% CI: 44.3%-76.6%) in arm B.

The 2-y OS was estimated to be 74.3% (95% CI: 56.4%-85.7%) 
in arm A and 83.3% (95% CI: 66.6%-92.1%) in arm B. OS at 5 y was 
66.9% (95% CI: 44.3%-82.0%) in arm A and 79.5% (95% CI: 61.5%-
89.8%) in arm B (Figure 3).

CR rate/ORR after induction therapy of all registered patients 
of arms A and B were 62.9%/88.6% and 61.1%/94.4%, respectively. 
After HDCT and radiation therapy, CR rate/ORR in arm A reached 
68.6%/82.9%, whereas those of arm B decreased to 63.9%/69.4% 
(Table 3).

F I G U R E  1   Flow diagram of randomized patients in the JCOG0908 study comparing R-CHOP-14 (arm A) with R-CHOP-14/CHASER (arm 
B). AE, adverse event; ASCT, autologous stem-cell transplantation; CHASER, cyclophosphamide, cytarabine, etoposide, dexamethasone, 
and rituximab; HDCT, high-dose chemotherapy; Pts, patients; R-CHOP-14, rituximab plus cyclophosphamide, doxorubicin, vincristine, and 
prednisone with 14-d interval; RT, radiation therapy
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3.4 | Exploratory analysis

In a subgroup analysis based on each aaIPI risk group, there was no 
significant difference in 2-y PFS and 2-y OS between the study arms 
(Figure 4).

Univariate analysis revealed no significant difference in gender, 
B-symptom, PS, or tumor size of ≤10 cm. Regarding the clinical stage, 
arm B showed favorable OS in patients with stage II to III disease 
(PFS, HR 0.37:95% CI 0.10-1.37; OS, HR 0.10:95% CI 0.01-0.84), 

but no superiority of arm B in stage IV. In tumor size, arm B showed 
a favorable tendency in PFS and OS in patients with greater than 
10 cm (PFS, HR 0.27:95% CI 0.05-1.35; OS, HR 0.20:95% CI 0.02-
1.71). (Table S1).

3.5 | Safety

In the induction treatments, arm B showed higher myelosuppres-
sion: 100% of grade 4 neutropenia, 94% of grade 3-4 anemia, and 
100% of grade 3-4 thrombocytopenia. Febrile neutropenia was also 
more frequent in arm B (55.6%) than arm A (17.1%). Overall grade 3-4 
non-hematological toxicity was not frequent in either arm. Grade 4 
AEs were observed in 3 patients: hypokalemia and hyperamylasemia 
in patients in arm A and aspartate aminotransferase (AST) elevation 
due to cholecystitis in a patient in arm B. (Table 4) However, in arm 
B, 6 out of 36 patients discontinued the protocol therapy related 
to AEs, including myelosuppression, cystitis, pneumonia, hemolysis, 
retinopathy, and eosinophilia of unknown cause, and all events oc-
curred during the CHASER regimen.

In HDCT/ASCT, no grade 4 non-hematological toxicity was ob-
served, and grade 3 gastrointestinal toxicities were rare. One patient 
in arm A discontinued the HDCT because of grade 3 heart failure. 
(Table  4) There were no deaths related to the protocol treatment 
during the study period. Secondary neoplasms were observed in 3 
patients including 1 patient who had prostatic cancer and 1 patient 
with rectal cancer in arm A, and 1 patient with lung cancer in arm B.

4  | DISCUSSION

In this study, we conducted a randomized phase II trial to select a 
better induction regimen for HDCT/ASCT in patients with previ-
ously untreated DLBCL with the HI or H risk of aaIPI. Although both 
arms showed almost comparable PFS, ORR, CR rate, and OS, arm 
B showed higher toxicities, especially hematological AEs. From its 
higher 2-y PFS and lower toxicity, R-CHOP-14 was considered to be 
a more promising induction regimen in patients with previously un-
treated DLBCL with the HI or H risk of aaIPI.

Comparing the results of 4 prospective randomized trials in the 
rituximab era, which demonstrated 69%-75% 2-y PFS in patients with 
newly diagnosed DLBCL who received HDCT/ASCT.4-7,20 the pres-
ent study showed comparable PFS in both arms. Considering that 
R-CHOP gives 50% 4-y PFS in patients with high risk in the revised 
R-IPI, which is comparable with HI and H risk in the aaIPI,1 upfront 
HDCT/ASCT would be expected to improve PFS compared with 
R-CHOP alone. However, only 2 of the 4 trials showed superiority 
to no HDCT/ASCT.4-7 Furthermore, OS, 2-y OS, or 3-y OS in the up-
front HDCT/ASCT setting in the rituximab era were 74%-82%, none 
of which showed superiority to rituximab plus CHOP compared with 
chemotherapy.4-7 The S9704 study, whose subjects had aggressive 
lymphoma, compared 6 cycles of (R-)CHOP with HDCT/ASCT to 8 cy-
cles of (R-)CHOP, excluding patients below PR with induction therapy. 

TA B L E  1   Patients characteristics

Arm A (n = 35) Arm B (n = 36)

Median age (range) 57 (23-64) 55.5 (30-65)

Male/female 18/17 18/18

aaIPI

H-I 25 (71.4%) 28 (77.8%)

H 10 (28.6%) 8 (22.2%)

ECOG PS

0/1 24 (68.6%) 25 (69.4%)

≧2 11 (31.4%) 11 (30.6%)

LDH > normal range 35 (100%) 34 (94.4%)

Ann Arbor stage

I 0 0

II 1 (2.9%) 1 (2.8%)

III 8 (22.9%) 14 (38.9%)

IV 26 (74.3%) 21 (58.3%)

Age

<61 24 (68.6%) 31 (86.1%)

≧61 11 (31.4%) 5 (13.9%)

Number of extranodal sites

0-1 17 (48.6%) 20 (55.6%)

2 or more 18 (51.4%) 16 (44.4%)

B-symptom(+) 17 (48.6%) 13 (36.1%)

Tumor mass

<5 cm 7 (20.0%) 10 (27.8%)

≧5 cm 17 (48.6%) 16 (44.4%)

≧10 cm 11 (31.4%) 10 (27.8%)

Mediastinal mass ≧1/3 
thorax

6 (17.1%) 1 (2.8%)

Abbreviations: aaIPI, age-adjusted International Prognostic Index; 
ECOG PS, Eastern Cooperative Oncology Group performance status; 
LDH, lactate dehydrogenase.

TA B L E  2   Collection of CD34-positive cells

Number of CD34-positive 
cells Arm A (n = 35) Arm B (n = 36)

Median (range) (×106/kg) 5.4 (2.1-25.7) 10.3 (0.6-78.0)

≧2 × 106/kg 33 (94.3%) 34 (94.4%)

<2 × 106/kg 0 2 (5.6%)

Not performed 2 (5.7%) 0
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The HDCT/ASCT group was superior to the (R-)CHOP group for 2-y 
PFS (69% vs 55% [HR, 0.58; 95% CI: 0.40-0.85]) and equivalent for 2-y 
OS (74% vs 71% [HR, 0.79; 95% CI: 0.52-1.22]).4 In subgroup analysis 
based on aaIPI, the high-risk patients showed favorable 2-y OS in the 
HDCT/ASCT group.4 High-risk patients in our study also showed a 
tendency for favorable 2-y PFS and 2-y OS in arm B that may be an 
effect of CHASER: non-cross-resistant induction chemotherapy.

An Italian group compared 2 different dose level of induc-
tion immune-chemotherapy, R-CHOP-14 and more intensive 
R-MegaCHOP-14, with or without HDCT/ASCT in their DLCL04 
study.5 The study resulted in superior 2-y failure-free survival and 
equivalent OS in HDCT/ASCT and no difference in efficacy was 
demonstrated between these 2 induction regimens plus HDCT/
ASCT. These results indicated the efficacy of R-CHOP-14 as an 
induction therapy of HDCT/ASCT. In our study, arm A (6 cycles of 
R-CHOP-14) showed higher PFS than arm B although the difference 

was marginal. Arm A showed 14% higher ORR at the end of entire 
therapy course than arm B, nevertheless ORR after induction in both 
arms were almost same. We assumed that lower ORR of arm B was 
due to 19.4% of patients being non-evaluable for the response be-
cause they did not receive HDCT/ASCT.

To proceed to HDCT/ASCT, it is important to achieve CR or 
PR using induction chemotherapy prior to HDCT/ASCT. In this 
study, 88.6% (31/35) of patients in arm A and 80.5% (29/36) of 
patients in arm B received HDCT/ASCT. In particular, high ORR of 
94.4% in the R-CHOP-14/CHASER arm B induction was notable. 
Four patients in arm A did not proceed to HDCT/ASCT due to in-
adequate responses whereas, in arm B, the reasons were 1 patient 
with progressive disease, 5 patients with toxicities, and 1 patient 
with insufficient stem-cell collection. Thus, R-CHOP-14/CHASER 
seemed to be a more potent regimen in terms of efficacy but was 
more toxic.

F I G U R E  2   Progression-free survival 
of R-CHOP-14 (arm A) and R-CHOP-14/
CHASER (arm B)

F I G U R E  3   Overall survival of 
R-CHOP-14 (arm A) and R-CHOP-14/
CHASER (arm B)
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In the exploratory subgroup analyses of IPI, HI risk patients had 
a tendency for better PFS in arm A and identical OS, but H risk pa-
tients revealed tendencies for better PFS and OS in arm B. Among 
the univariate analyses of various parameters, only a bulky tumor 
above 10 cm diameter had a favorable tendency in arm B. This find-
ing suggested that a more intensive induction regimen might be 
needed to control poor-prognosis patients. In addition, the subgroup 
analysis of stage II to III patients in OS showed statistically favorable 
in arm B, which may contribute to a tendency of superiority of OS 
curve in arm B in spite of not statistical significance.

In terms of toxicities, both induction regimens showed man-
ageable profiles. More patients with grade 3 and 4 hematologic 
toxicities, especially neutropenia (arm A vs arm B; 65.7% vs 100%), 
thrombocytopenia (0% vs 100%), and febrile neutropenia (17.1% 
vs 55.6%) were observed in arm B. These differences would come 
from higher doses of cyclophosphamide and high-dose cytarabine, 
which the CHASER regimen contains. Secondary neoplasms were 
observed in 3 patients: 1 with prostatic cancer and 1 with rectal 
cancer in arm A and 1 with lung cancer in the arm B. The frequency 
of secondary neoplasms in previous studies including HDCT/ASCT 
in the rituximab era was 1%-3.6%.5-7 The proportion in the present 
study was similar and further observation is necessary.

In this study, R-CHOP-14 showed higher 2-y PFS than 
R-CHOP-14/CHASER, however it was not confirmed that 
R-CHOP-14 induction regimen was superior to R-CHOP-14/
CHASER because this study was not a phase III trial. Although in 
this randomized phase II study, the assumption for sample size cal-
culation was a 10% difference between the better and worse arms 
(Simon's selection design), the observed PFS difference was only 
1.9% (68.6% vs 66.7%). HDCT/ASCT upfront consolidation may 
be beneficial for patients with DLBCL with high-risk disease. The 
4-y PFS in such patients ranged from 64% to 78% after treatment 

TA B L E  3   Response by treatment group

Arm A (n = 35) Arm B (n = 36)

After induction

OR, n (%, 95% CI) 31 (88.6, 73.3-96.8） 34 (94.4, 81.3-99.3）

CR, n (%, 95% CI) 22 (62.9, 44.9-78.5） 22 (61.1, 43.5-76.9）

After HDCT or RT

OR, n (%, 95% CI) 29 (82.9, 66.4-93.4） 25 (69.4, 51.9-83.7）

CR, n (%, 95% CI) 24 (68.6, 50.7-83.2） 23 (63.9, 46.2-79.2）

Abbreviations: CI, confidence interval; CR, complete response; HDCT, 
high-dose chemotherapy; OR, overall response; RT, radiation therapy.

F I G U R E  4   Progression-free survival (PFS) and overall survival (OS) by each aa-IPI risk group (A) PFS in high-intermediate risk, (B) OS in 
high-intermediate risk, (C) PFS in high risk, (D) OS in high risk
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with a rituximab-based induction regimen,4,21-26 comparing favor-
ably with the 50% PFS after treatment with R-CHOP alone.1,27 
Although this finding needs to be confirmed prospectively, carry-
ing out such a trial will be difficult because of the small fraction of 
patients with DLBCL who presented with high risk.

In conclusion, both R-CHOP-14 and R-CHOP-14/CHASER 
regimens as an induction prior to consolidative HDCT with LEED 
and ASCT in patients aged 65 y or less with aaIPI HI or H newly 
diagnosed DLBCL demonstrated reasonable response rates with 
durable PFS and OS. From the higher 2-y PFS and less toxicity, 
R-CHOP-14 may be a more promising induction regimen for fur-
ther investigations especially in patients with high-risk DLBCL.
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E THIC AL CONSIDER ATIONS
This study protocol was approved by constituted Ethics Committee 
of all the participating institutions. Participating institutions were 

TA B L E  4   Grade 3 and 4 adverse eventsa by treatment arm

Induction therapy Arm A (n = 35) Arm B (n = 36)

Toxicity Grade 3 Grade 4 Grade 3 Grade 4

Leukopenia 10 (28.6%) 14 (40%) 0 36 (100%)

Anemia 8 (22.9%) 0 23 (63.9%) 11 (30.6%)

Thrombopenia 0 0 5 (13.9%) 31 (86.1%)

Neutropenia 8 (22.9%) 15 (42.9%) 0 36 (100%)

Hypoalbuminemia 1 (2.9%) — 0 —

AST 1 (2.9%) 0 2 (5.6%) 1 (2.8%)

ALT 4 (11.4%) 0 6 (16.7%) 0

GGT 4 (11.4%) 0 5 (13.9%) 0

Hyponatremia 2 (5.7%) 0 2 (5.6%) 0

Hyperkalemia 1 (2.9%) 0 0 0

Hypokalemia 3 (8.6%) 1 (2.9%) 6 (16.7%) 0

Hyperglycemia 0 0 1 (2.8%) 0

Amylase 0 1 (2.9%) 0 0

Febrile neutropenia 6 (17.1%) 0 20 (55.6%) 0

HDCT Arm A (n = 31) Arm B (n = 29)

Toxicity Grade 3 Grade 4 Grade 3 Grade 4

Leukopenia 0 31 (100%) 0 29 (100%)

Anemia 10 (32.3%) 0 21 (72.4%) 0

Thrombopenia 2 (6.5%) 29 (93.5%) 2 (6.9%) 27 (93.1%)
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GGT 2 (6.5%) 0 2 (6.9%) 0

Hyponatremia 5 (16.1%) 0 3 (10.3%) 0

Hyperkalemia 0 0 0 0

Hypokalemia 4 (12.9%) 0 2 (6.9%) 0

Left ventricular systolic 
dysfunction

1 (3.2%) 0 0 0

Febrile neutropenia 20 (64.5%) 0 13 (44.8%) 0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl-transferase; HDCT, high-dose chemotherapy
aAdverse events were categorized and graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), 
version 3.0. 
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