
OR I G I N A L A R T I C L E

R‐High‐CHOP/CHASER/LEED with autologous stem cell
transplantation in newly diagnosed mantle cell lymphoma:
JCOG0406 STUDY

Michinori Ogura1,2 | Kazuhito Yamamoto3 | Yasuo Morishima3 |

Masashi Wakabayashi4 | Kensei Tobinai5 | Kiyoshi Ando6 | Naokuni Uike7 |

Mitsutoshi Kurosawa8 | Hiroshi Gomyo9 | Masafumi Taniwaki10 | Kisato Nosaka11 |

Norifumi Tsukamoto12 | Tatsu Shimoyama13 | Noriko Fukuhara14 |

Yoshihiro Yakushijin15 | Kazunori Ohnishi16 | Kana Miyazaki17 | Kenichi Sawada18 |

Nobuyuki Takayama19 | Ichiro Hanamura20 | Hirokazu Nagai21 |

Hirofumi Kobayashi22 | Kensuke Usuki23 | Naoki Kobayashi24 | Kazuma Ohyashiki25 |

Takahiko Utsumi26 | Kyoya Kumagai27 | Dai Maruyama5 |

Ken Ohmachi6 | Yoshihiro Matsuno28 | Shigeo Nakamura29 | Tomomitsu Hotta30 |

Kunihiro Tsukasaki31 | Japan Clinical Oncology Group- Lymphoma Study Group (JCOG-LSG)

1Department of Hematology and Oncology, Kasugai Municipal Hospital, Kasugai, Japan

2Department of Hematology and Oncology, Nagoya Daini Red Cross Hospital, Nagoya, Japan

3Department of Hematology and Cell Therapy, Aichi Cancer Center Hospital, Nagoya, Japan

4JCOG Data Center, National Cancer Center, Tokyo, Japan

5Department of Hematology, National Cancer Center Hospital, Tokyo, Japan

6Department of Hematology and Oncology, Tokai University School of Medicine, Isehara, Japan

7Department of Hematology, National Kyushu Cancer Center, Fukuoka, Japan

8Department of Hematology, National Hospital Organization Hokkaido Cancer Center, Sapporo, Japan

9Department of Hematology, Hyogo Cancer Center, Akashi, Japan

10Center for Molecular Diagnostics and Therapeutics, Kyoto Prefectural University of Medicine, Kyoto, Japan

11Department of Hematology, Kumamoto University Hospital, Kumamoto, Japan

12Department of Hematology, Gunma University Hospital, Maebashi, Japan

13Department of Medical Oncology, Tokyo Metropolitan Cancer and Infectious Diseases Center, Komagome Hospital, Tokyo, Japan

14Department of Hematology, Tohoku University Hospital, Sendai, Japan

15First Department of Internal Medicine, Ehime University Graduate School of Medicine, Toon, Japan

16Department of Hematology, Hamamatsu University School of Medicine, Hamamatsu, Japan

17Department of Hematology and Oncology, Mie University Graduate School of Medicine, Tsu, Japan

Abbreviations: ASCT, autologous hematopoietic stem cell transplantation; CHASER, cyclophosphamide, high‐dose cytarabine, dexamethasone, etoposide, and rituximab; CHOP,

cyclophosphamide, doxorubicin, vincristine, and prednisone; CI, confidence interval; CPA, cyclophosphamide; CR, complete response; GELA, Groupe d'Etude des Lymphomes de l'Adulte;

HDAC, high-dose cytarabine; HDC, high-dose chemotherapy; JCOG-LSG, Japan Clinical Oncology Group - Lymphoma Study Group; LEED, melphalan, CPA, etoposide and dexamethasone;

LYSA, Lymphoma Study Association; MCL, mantle cell lymphoma; MIPI, mantle cell lymphoma international prognostic index; MIPI-c, modified combination of the Ki-67 index and MIPI; NHL,

non-Hodgkin lymphoma; OS, overall survival; ORR, overall response rate; PBSC, peripheral blood stem cell; PFS, progression-free survival; PS, performance status; R, rituximab; R-DHAP,

rituximab, dexamethasone, HDAC and cisplatin; WHO, World Health Organization.

Clinical Trial registration: UMIN Clinical Trials Registration number: UMIN000001220

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2018 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

Received: 27 March 2018 | Revised: 19 June 2018 | Accepted: 23 June 2018

DOI: 10.1111/cas.13719

2830 | wileyonlinelibrary.com/journal/cas Cancer Science. 2018;109:2830–2840.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.wileyonlinelibrary.com/journal/CAS


18Department of Hematology, Akita University Graduate School of Medicine and Faculty of Medicine, Akita, Japan

19Second Department of Internal Medicine, Kyorin University School of Medicine, Tokyo, Japan

20Division of Hematology, Department of Internal Medicine, Aichi Medical University, Nagakute, Japan

21Department of Hematology, National Hospital Organization Nagoya Medical Center, Nagoya, Japan

22Department of Hematology, Saitama Cancer Center, Saitama, Japan

23Department of Hematology, NTT Medical Center Tokyo, Shinagawa-ku, Tokyo, Japan

24Department of Hematology, Sapporo Hokuyu Hospital, Sapporo, Japan

25Department of Hematology, Tokyo Medical University, Tokyo, Japan

26Department of Hematology, Shiga General Hospital, Moriyama City, Japan

27Department of Hematology, Chiba Cancer Center, Chiba, Japan

28Department of Surgical Pathology, Hokkaido University Hospital, Sapporo, Japan

29Department of Pathology, Nagoya University School of Medicine, Nagoya, Japan

30Foundation for Promotion of Cancer Research, Tokyo, Japan

31Department of Hematology, National Cancer Center Hospital East, Kashiwa, Japan

Correspondence: Michinori Ogura,

Department of Hematology and Oncology,

Kasugai Municipal Hospital, Kasugai, Japan

(magnoliamic@me.com).

Funding information

This work was supported in part by the

National Cancer Center Research and

Development Fund (grant numbers 23-A-16,

23-A-17, 26-A-4, 29-A-3); and by the

Ministry of Health, Labour and Welfare

Grants-in-Aid for Cancer Research (grant

numbers 16-6, 20S-1, 20S-6), and Health

and Labour Sciences Research Grants for

Clinical Cancer Research (grant numbers 19-

27, 22-29)

Although induction immunochemotherapy including high‐dose cytarabine and ritux-

imab followed by high‐dose chemotherapy (HDC) with autologous stem cell trans-

plantation (ASCT) is recommended for younger patients (≤65 years old) with

untreated mantle cell lymphoma (MCL), no standard induction and HDC regimen

has been established. We conducted a phase II study of induction

immunochemotherapy of R‐High‐CHOP/CHASER followed by HDC of LEED with

ASCT in younger patients with untreated advanced MCL. Eligibility criteria included

untreated MCL, stage II bulky to IV, and age 20‐65 years. Patients received 1 cycle

of R‐High‐CHOP followed by 3 cycles of CHASER every 3 weeks. Peripheral blood

stem cells (PBSC) were harvested during CHASER. LEED with ASCT was delivered

to patients who responded to R‐High‐CHOP/CHASER. Primary endpoint was 2‐year
progression‐free survival (PFS). From June 2008 to June 2012, 45 patients (median

age 59 years; range 38‐65 years) were enrolled. PBSC were successfully harvested

from 36 of 43 patients. Thirty‐five patients completed ASCT. Two‐year PFS was

77% (80% CI 68‐84), which met the primary endpoint. Five‐year PFS and overall

survival were 52% (95% CI 34‐68%) and 71% (95% CI 51‐84%), respectively. Overall

response and complete response rates after induction immunochemotherapy were

96% and 82%, respectively. The most common grade 4 toxicities were hematologi-

cal. In younger patients with untreated MCL, R‐High‐CHOP/CHASER/LEED with

ASCT showed high efficacy and acceptable toxicity, and it can now be considered a

standard treatment option.

K E YWORD S

autologous stem cell transplantation, cytarabine, high-dose chemotherapy, mantle cell

lymphoma, rituximab

1 | INTRODUCTION

Mantle cell lymphoma (MCL) is a well‐recognized B‐cell lymphoma

subtype that accounts for approximately 5% of all patients with NHL.1

The clinical course of MCL ranges from indolent to aggressive, with a

poor prognosis and a median OS of about 3‐5 years with conventional

chemotherapy.2,3 The prognosis when using conventional chemoim-

munotherapy remains poor. Two‐year PFS of 30% was reported in a

phase II study of MCL patients treated with 6 cycles of rituximab, an

anti‐CD20 antibody, and CHOP chemotherapy.4

However, a randomized phase III study by the European MCL

Network that compared myeloablative radiochemotherapy followed
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by ASCT with interferon‐α (IFN‐α) maintenance during the first

remission after a CHOP‐like regimen demonstrated significant supe-

riority of ASCT, with PFS of 45% in younger patients aged 65 years

or less in patients with advanced‐stage MCL.5 Promising approaches

to improving CR rate before ASCT, as well as PFS and OS, include

modified induction therapy with HDAC‐based chemotherapy regi-

mens and rituximab. These strategies are based on clinical studies in

which the addition of rituximab to an HDAC‐containing regimen was

reported to ensure tumor depletion in vivo while allowing the collec-

tion of PBSC with conserved engraftment capability that was devoid

of tumor cells.6,7

A phase II MCL‐2 study by the Nordic Lymphoma Group includ-

ing HDAC and rituximab prior to stem cell mobilization, followed by

HDC and ASCT, demonstrated an excellent ORR (96%), with a CR

rate of 56%, and PFS of 70% and OS of 70% after 6 years.8 Similar

promising results were also reported in another phase II study of an

induction regimen with R‐CHOP and R‐DHAP followed by ASCT,

which was conducted by GELA.9 This regimen of 6 cycles of alter-

nating R‐CHOP/R‐DHAP followed by consolidative HDC with ASCT

resulted in a superior PFS compared with the regimen of 6 cycles of

R‐CHOP followed by consolidative HDC with ASCT reported for a

randomized phase III study by the European Mantle Cell Network

(European MCL Network).10 Recently, rituximab maintenance after

ASCT was shown to improve event‐free survival, PFS, and OS in

younger patients with MCL in a randomized phase III study by

LYSA.11 Thus, HDC with ASCT after intensive immunochemotherapy

using rituximab and HDAC as first‐line treatment, followed by ritux-

imab maintenance, appears to be the only current therapy that might

improve the outcomes of younger patients with untreated advanced

MCL.10-12 However, there was no established regimen for induction

and HDC when the present study was planned.

We developed the R‐High‐CHOP/cyclophosphamide, high‐dose
cytarabine, dexamethasone, etoposide, and rituximab (CHASER) regi-

men as an induction therapy, and LEED therapy as HDC. One cycle of

the R‐High‐CHOP regimen was incorporated to enhance MCL tumor

reduction. CHASER and CHASE were originally developed for both

salvage therapy without a platinum agent to avoid renal toxicity and

for in vivo efficacy of purging of B‐cell lymphoma cells during harvest-

ing of autologous PBSC.13,14 Based on promising data from a small

pilot study of R‐High‐CHOP/CHASER/LEED in newly diagnosed MCL

in a single institute of the Aichi Cancer Center (data not shown), we

conducted a phase II study (JCOG0406) of this regimen using a new

induction procedure comprising R‐High‐CHOP/CHASER13,14 with

rituximab and HDAC followed by HDC (LEED therapy) with ASCT.

2 | MATERIALS AND METHODS

2.1 | Trial information

This trial was a multi‐institutional phase II study conducted by

JCOG‐LSG. 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.

The trial is registered with the UMIN Clinical Trials Registry

(UMIN000001220).

2.2 | Eligibility criteria

Eligibility criteria included the following: newly pathologically diag-

nosed with MCL according to the WHO classification 2001;15 posi-

tive staining for cyclin D1 in the nucleus of lymphoma cells; positive

for CD5 and CD20 on lymphoma cells by flow cytometry or by

immunohistochemistry; age between 20 and 65 years; ECOG perfor-

mance status (PS) of 0, 1, or 2; clinical stage II with bulky disease,

stages III or IV according to the Ann Arbor staging system; lym-

phoma cells in peripheral blood ≤10 000/μL; no involvement of the

central nervous system; at least 1 measurable lymphomatous lesion;

no previous history of chemotherapy, radiation therapy, IFN, and/or

antibody therapy; adequate organ function; and written, informed

consent. Patients were excluded if they had a history of glaucoma,

uncontrollable diabetes mellitus, uncontrollable hypertension, hepati-

tis B virus surface antigens or antibodies to hepatitis C virus, intersti-

tial pneumonia, severe bacterial infection, or another active

neoplasm.

2.3 | Treatment

The R‐High‐CHOP/CHASER regimen comprised 1 cycle of R‐High

CHOP consisting of 1500 mg/m2 CPA and 75 mg/m2 doxorubicin

followed by 3 cycles of CHASER consisting of 1200 mg/m2 CPA on

day 3, 2 g/m2 cytarabine on days 4 and 5, 100 mg/m2 etoposide on

days 3‐5, 40 mg/body weight dexamethasone on days 1, 3‐5 and 15,

and 375 mg/m2 rituximab on days 1 and 15 (Figure 1). HDC in LEED

therapy consisting of 130 mg/m2 melphalan, 60 mg/kg CPA, 500 mg/

m2 etoposide, and 40 mg/body dexamethasone was started on day

36‐49 of the last CHASER therapy. PBSC were harvested after the

2nd cycle of CHASER, and further harvesting was added after the

3rd CHASER cycle if the number of PBSC was less than

4 × 106 cells/kg. Although the recommended number of harvested

CD34‐positive cells was ≥4 × 106 cells/kg, patients obtaining

≥2 × 106 cells/kg could proceed to HDT with ASCT. Patients

received sulfamethoxazole‐trimethoprim from induction therapy until

6 months after ASCT to prevent opportunistic infections caused by

Pneumocystis jirovecii.

2.4 | Central pathology review

A central pathology review was carried out as previously reported.16

Antigens routinely examined by immunohistochemistry included

CD3, CD5, CD10, CD20, cyclin D1, SOX‐11, Ki‐67, and cyclin D1.

Four hematopathologists reviewed the pathology specimens and

classified them according to the WHO classification system 2001.15

The diagnosis by the central pathology review committee was used

in this article.
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2.5 | Mantle cell lymphoma international prognostic
index (MIPI) and modified combination of the Ki‐67
index and MIPI (MIPI‐c)

Patients were classified into low‐risk, intermediate‐risk, and high‐risk
groups based on the 4 prognostic factors (age, PS, lactate dehydro-

genase [LDH], and leukocyte count) according to MIPI.17 Patients

were classified into low‐risk, low‐intermediate risk, high‐intermediate

risk, and high‐risk groups according to MIPI‐c.18

2.6 | Response and toxicity criteria

Tumor assessments were carried out on all target lesions identified

at baseline by PET and CT scans after R‐High‐CHOP/CHASER and

after LEED therapy completion (day 50‐63 after ASCT). In patients

in CR after LEED therapy, tumor assessment was done every

6 months for 2 years and, thereafter, every year for the next

3 years. Tumor response was determined by the Revised Response

Criteria for Malignant Lymphoma 2007.19 Toxicities were evaluated

according to the NCI Common Terminology Criteria for Adverse

Events version 3.0.

2.7 | Statistical analysis and endpoints

Primary endpoint was 2‐year PFS. Planned sample size was 45, with

an expected 2‐year PFS of 50%, a threshold of 30%, 1‐sided α of

10%, and power of 90% based on the results of conventional

chemotherapy4 and toxicities of R‐high‐CHOP/CHASER/LEED (M.

Ogura, unpublished data, 2000).

Secondary endpoints were ORR, CR rate, proportion of CR and

ORR after induction therapy, PFS, 5‐year PFS, OS, 2‐year OS, 5‐year
OS, and toxicity. OS was calculated from the date of registration

until death as a result of any cause or censored at the last follow‐up
date. PFS was calculated from the date of registration to the date of

relapse or progression, death as a result of any cause, or censored at

the date of the last follow up. CR rate and ORR (CR + PR) and 95%

CI were estimated by an exact binomial method. OS and PFS were

estimated according to the Kaplan‐Meier method, and CI were esti-

mated by Greenwood's formula. These analyses were carried out

using SAS release 9.2 (SAS Institute, Cary, NC, USA).

3 | RESULTS

3.1 | Patient characteristics

Primary analysis of JCOG0406 was conducted in December 2014

(data cut‐off date was June 2014). Forty‐five patients were enrolled

from 25 institutions between June 2008 and June 2012. Clinical

characteristics of all enrolled patients are shown in Table 1. There

were no ineligible patients. There were 41 men and 4 women, and

median age was 59 years. PS was 0 or 1 for the vast majority (98%)

of eligible patients. All patients had stage III (5/45) or stage IV (40/

F IGURE 1 Study design. Ara‐C, cytarabine; CPA, cyclophosphamide; CR, complete response; Dexa, dexamethasone; DXR, doxorubicin; ETP,
etoposide; L‐PAM, melphalan; MCL, mantle cell lymphoma; PBSCT, peripheral blood stem cell transplantation; PD, progression of disease; PR,
partial response; PS, performance status; PSL, prednisolone; SD, stable disease; VCR, vincristine
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45) disease. Distribution of risk according to MIPI and MIPI‐c is

shown in Table 1. Supplementary analyses of 44 patients whose for-

malin‐fixed paraffin‐embedded tissue blocks were available at the

institution were conducted in June 2016 (data cut‐off date was June

2015).

3.2 | Feasibility

Flowchart of the clinical course of enrolled patients is shown in Fig-

ure 2. All 45 enrolled patients received R‐High‐CHOP, among whom

40 patients completed R‐High‐CHOP followed by 3 cycles of

CHASER, and 5 patients did not (Figure 2). Although all 40 patients

who completed the R‐High‐CHOP/CHASER induction therapy

achieved CR or PR, 5 of these 40 patients did not receive high‐dose
LEED therapy with ASCT because of insufficient harvest of auto‐

PBSC in 4 patients and an adverse event in 1 patient. Therefore, 35

patients received high‐dose LEED therapy with ASCT. PBSC were

harvested in 43 of 45 patients because induction therapy was dis-

continued at less than 2 cycles as a result of disease progression or

patient's refusal in 1 case each. In 43 patients, median number of

harvested PBSC was 3.80 (range 0.40‐38.40) × 106/kg cells. In 36

patients, ≥2 × 106/kg cells PBSC were harvested, whereas in 7

patients, less than 2 × 106/kg cells PBSC were harvested. Percentage

of successfully collected PBSC was 84%. In 2 of 7 patients with

insufficient harvest of auto‐PBSC, additional harvests were carried

out outside the protocol, and they received high‐dose LEED therapy

with ASCT. These 2 patients were finally judged as having protocol

treatment.

3.3 | Responses

Responses of the 45 enrolled patients are shown in Table 2. ORR

and CR rates after R‐High‐CHOP/CHASER induction therapy were

95.6% (95% CI 84.9‐99.5%) and 82.2% (95% CI 68.0‐92.0%), respec-

tively. ORR and CR rates in all 45 patients after induction and LEED

therapy were 77.8% (95% CI 62.9‐88.8%) and 71.1% (95% CI 55.7‐
83.6%), respectively.

3.4 | Progression‐free survival

Median follow‐up time for all enrolled patients was 3.7 years in the

primary analysis. Two‐year PFS as the primary endpoint of all enrolled

patients was estimated to be 77.3% (lower boundary of 80% CI

68.0%, which exceeded the threshold of 30%, and 95% CI 61.9‐
87.1%), which met the primary endpoint (Figure 3A). PFS at 5 years

was estimated to be 52.2% (95% CI 33.8‐67.8). PFS at 5 years for

patients with low‐risk (N = 28), intermediate‐risk (N = 14), and high‐
risk (N = 2) disease according to MIPI was 59.9% (95% CI 37.4‐
76.6%), 51.6% (95% CI 21.6‐75.1%), and 0%, respectively (Figure 3B).

PFS at 5 years for patients with low‐risk (N = 21), low‐intermediate

risk (N = 13), high‐intermediate risk (N = 8), and high‐risk (N = 2) dis-

ease according to MIPI‐c was 66.2% (95% CI 38.4‐83.8%), 44.0% (95%

CI 16.8‐68.4%), 58.3% (95% CI 18.0‐84.4%), and 0%, respectively (Fig-

ure 3C). PFS rates at 5 years for patients who received LEED therapy

followed by ASCT (n = 35) and for patients who did not receive LEED

therapy followed by ASCT for any reason including harvesting failure

of PBSC (n = 10) were 54.8% (95% CI 33.0‐72.1%) and 42.2% (95% CI

11.1‐71.3%), respectively.

3.5 | Overall survival

Overall survival of all 45 enrolled patients is shown in Figure 4A.

Eleven patients died (7 died of MCL, 3 died of secondary malignancy

[1 acute myelogenous leukemia (AML), 1 adult T‐cell leukemia/lym-

phoma (ATL), and 1 diffuse large B-cell lymphoma (DLBCL)]), and 1

died after postprotocol treatment). OS at 2 years and 5 years was

estimated to be 91% (95% CI 77.7‐96.5%) and 71.0% (95% CI 50.9‐
84.1%), respectively. Subgroup analysis of OS according to MIPI and

TABLE 1 Characteristics of patients in the present study (N = 45)

N %

Gender

Female/Male 4/41 9/91

Age (years)

Median 59

Range 38‐65

PS

0/1/2 38/6/1 85/13/2

Clinical stage

II bulky/III/IV 0/5/40 0/11/89

Central pathological review

MCL 45 100

International prognostic index (IPI)a

L/LI/HI/H 8/17/17/2 18/39/39/4

Mantle cell lymphoma IPI (MIPI)a

L/Int/H 28/14/2 64/32/4

MIPI‐ca

L/LI/HI/H 21/13/8/2 48/30/18/4

SOX‐11a

Positive/negative 43/1 98/2

Bulky mass, tumor size (cm)

Size <5 cm 29 64

5 cm ≤ Size < 10 cm 7 16

Size ≥10 cm 9 20

Extranodal lesions

0‐1 19 42

≥2 26 58

Bone marrow involvementa 36 82

PB involvementa 19 43

aIn IPI, MIPI, MIPI‐c, SOX11, and involvement of lymphoma cells in bone

marrow and peripheral blood, the total number of patients was 44.

H, high‐risk; HI, high‐intermediate risk; Int, intermediate‐risk; L, low‐risk;
LI, low‐intermediate risk; MCL, mantle cell lymphoma; PB, peripheral

blood; PS, performance status.
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MIPI‐c is shown in Figure 4B,C, respectively. OS rates at 5 years for

patients who received LEED therapy followed by ASCT (n = 35) and

for patients who did not receive LEED therapy followed by ASCT

for any reason including harvesting failure of PBSC (n = 10) were

71.9% (95% CI 47.4‐86.4%) and 67.5% (95% CI 29.1‐88.3%), respec-

tively.

3.6 | Toxicity

All 45 treated patients were evaluated for toxicity (Table 3). The

most common grade 4 toxicities were hematological; the percentage

of patients with grade 4 neutropenia and thrombocytopenia was

80% and 0% in R‐High‐CHOP, 91% and 89% in CHASER, and 94%

and 77% in LEED, respectively. There were no grade 4 nonhemato-

logical or nonlaboratory toxicities during the entire protocol treat-

ment. In R‐High‐CHOP therapy, 1 grade 4 increased alanine

aminotransferase (ALT) was observed, and grade 3 increased

aspartate aminotransferase (AST) and hyponatremia were observed

in 1 patient each. All of these adverse events were reversible.

In CHASER therapy, grade 4 hypokalemia was observed in 1 patient,

and grade 3 hyponatremia and hypokalemia were observed in 1 and 3

patients, respectively. All of these adverse eventswere reversible.

In LEED therapy, grade 4 hypokalemia was observed in 1 patient,

and grade 3 increased AST, increased ALT, hyponatremia, and hypoka-

lemia were observed in 2, 3, 1, and 5 patients, respectively. All of these

adverse events were reversible. In the present study, 3 types of oppor-

tunistic infection were observed in 5 patients, including grade 3 Pneu-

mocystis pneumonia in 2 patients, grade 3 cytomegalovirus infection in

2 patients, and grade 3 adenovirus cystitis in 2 patients; one patients

had cytomegalovirus infection followed by adenovirus cystitis, sequen-

tially. Treatment‐related death occurred in 1 patient as a result of brain

DLBCL after the development of Epstein Barr (EB) virus‐positive post‐
transplantation lymphoproliferative disorder (PTLD) on day 159 after

ASCT. Secondary malignancies including AML, prostate cancer,

DLBCL, and ATL developed in 1 patient each. Incidence of secondary

malignancies was 8.9% (95% CI 2.5‐21.2%).

3.7 | Pathological characteristics

A central review of the pathological diagnosis was carried out for 45

enrolled patients, and all were confirmed as having cyclin D1‐positive
MCL, although 1 patient was diagnosed as having CD5‐negative MCL.

Although CD5 positivity was defined as an eligibility criterion in this

study, the Central Pathology Review Committee decided that this

patient was pathologically eligible, as CD5 negativity was not unequiv-

ocally confirmed by other techniques, including flow cytometry.

F IGURE 2 Flowchart of clinical course.
Auto‐PBSCH, autologous peripheral blood
stem cell harvest; PD, progression of
disease

TABLE 2 Rate of response to therapy

Induction therapy
High‐dose therapy
(LEED)

ORR CR rate ORR CR rate

N 43 37 35 32

% (/45a) 95.6% 82.2% 77.8% 71.1%

% (/35b) – – 100% 91.4%

aN = 45: number of enrolled patients.
bN = 35: number of patients who received ASCT.

CR, complete response; LEED, melphalan, cyclophosphamide, etoposide

and dexamethasone; ORR, overall response rate; ‐, not applicable.

OGURA ET AL. | 2835



4 | DISCUSSION

This phase II study showed that treatment of untreated younger

MCL patients with R‐High‐CHOP/CHASER followed by LEED HDC

with ASCT resulted in high ORR and CR rates with durable PFS and

OS and acceptable toxicity profiles. These results show that this

regimen of R‐High‐CHOP/CHASER/LEED with ASCT can now be

considered a standard treatment option in this population.

In the present study, PFS with the R‐High‐CHOP/CHASER/LEED

with ASCT regimen was comparable with that reported for other

regimens containing rituximab and HDAC followed by consolidative

HDC with ASCT.8-10 Addition of both HDAC and rituximab (MCL2

F IGURE 3 Kaplan‐Meier curves of
progression‐free survival (PFS) (A) of all 45
enrolled patients, and Kaplan‐Meier curves
of PFS according to risk stratified by MIPI
(n = 44) (B) and by MIPI‐c (n = 44) (C).
MIPI, mantle cell lymphoma international
prognostic index; MIPI‐c, modified
combination of the Ki‐67 index and MIPI
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study) dramatically improved the PFS (4‐year PFS of 73% and 6‐year
PFS of 66%) compared to the PFS (4‐year PFS of 37%) with previous

MCL‐1 protocol treatments.8,20 The 5‐year event‐free survival in the

GELA phase II study of 3 cycles of R‐CHOP and 3 cycles of R‐DHAP

followed by ASCT was 64%.9 In the randomized phase III study by

the European MCL Network, the 5‐year PFS in the experimental arm

of 6 cycles of the alternating R‐CHOP/R‐DHAP regimen followed by

consolidative HDC with ASCT and the control arm of 6 cycles of R‐
CHOP followed by consolidative HDC with ASCT was 65% and

44%, respectively.10 The present results provide further data to sup-

port the treatment approach used in these prior studies. Combined

with the present data, the present findings strongly suggest that

HDAC‐based high‐dose consolidation therapy followed by ASCT has

dramatically improved the prognosis of MCL compared with the

F IGURE 4 Kaplan‐Meier curves of
overall survival (OS) (A) of all 45 enrolled
patients, and Kaplan‐Meier curves of OS
according to risk stratified by MIPI (n = 44)
(B) and MIPI‐c (n = 44) (C). MIPI, mantle
cell lymphoma international prognostic
index; MIPI‐c, modified combination of the
Ki‐67 index and MIPI
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prognosis reported with conventional immunochemotherapy such as

R‐CHOP21 or with consolidative ASCT after a CHOP‐like regimen.5

Therefore, HDAC‐based high‐dose consolidation therapy followed by

ASCT should be considered a standard treatment strategy for front-

line treatment of younger MCL patients.

Recently, rituximab maintenance after ASCT was reported to

improve event‐free survival, PFS, and OS in younger patients with

MCL.11 PFS at 4 years was 83% in the rituximab maintenance group

versus 64% in the observation group (P < .001), and OS was 89% vs

80% (P = 0.04), respectively. In this study, no patients received ritux-

imab maintenance, and PFS and OS at 4 years were almost the same

as in the observation group. It is likely that adding rituximab mainte-

nance to our regimen will improve outcomes further.

In order that as many patients as possible can proceed to ASCT,

it is important to achieve CR or PR after the induction chemother-

apy before ASCT. In the present study, ORR and CR rates after R‐
High‐CHOP/CHASER induction therapy were 95.6% (95% CI 84.9‐
99.5%) and 82.2% (95% CI 68.0‐92.0%), respectively. In the Nordic

MCL‐2 study, ORR and CR rates including uncertain CR were 96.3%

and 54.4%, respectively.8 In the GELA phase II study, ORR and CR

rates after induction therapy were 95% and 57%, respectively.9 In

the European MCL Network phase III study, ORR and the CR includ-

ing unconfirmed CR rate after alternating R‐CHOP/R‐DHAP were

94% and 55%, respectively.10 In a phase III LYSA study to evaluate

the usefulness of rituximab maintenance treatment, induction ther-

apy was 4 cycles of R‐DHAP (6.7% of patients received an additional

3 cycles of R‐CHOP), and ORR and CR rates were 94% and 74% (in-

cluding 34% with unconfirmed CR), respectively.11 Thus, the high CR

rate of 82.2% in the present study is notable. Recently, retrospective

data of a nationwide study of MCL in Japan were reported.22 In that

study, 501 patients with newly diagnosed MCL with a median age of

67 (range 22‐90) years treated with rituximab‐containing therapy

between 1992 and 2012 were analyzed. PFS and OS at 5 years

were 25% and 60%, respectively. These results are lower than in the

present study (PFS of 52% and OS of 71% at 5 years). Although

comparison is difficult, the most probable reason for these differ-

ences might be differences in the study populations: The median age

was 67 years in the nationwide retrospective study and 59 years in

the present study, and 48% of patients received R‐CHOP without

ASCT in the retrospective nationwide study, whereas all patients in

the present study received treatment with the intent of ASCT.

In the present study, 22.2% of all enrolled patients did not

receive ASCT, whereas in the Nordic MCL‐2 study 6.8% of all 160

eligible patients did not proceed to the high‐dose regimen because

of toxicity or patient refusal.8 Five of the present 10 patients did

not proceed to ASCT due only to insufficient harvest. In 7 of all 43

harvested patients, collected PBSC did not reach the threshold num-

ber of stem cells per protocol (≥2 × 106 CD34‐positive cells per kg

body weight). Thus, the percentage of PBSC collected was 84%.

According to the protocol, auto‐PBSC were harvested during the

second CHASER and, if necessary, during the third CHASER, to

avoid contamination of harvested auto‐PBSC with MCL cells. As

highly efficient harvest of auto‐PBSC was observed during the first

CHASER (data not shown), it is possible that a greater number of

patients may proceed to ASCT if the harvest of auto‐PBSC is initi-

ated during the first CHASER. Possibility that the harvest of auto‐
PBSC in the early period of intensive induction chemotherapy may

result in a highly efficient harvest was suggested in a recent phase II

study.23 In that randomized phase II study by the Southwest Oncol-

ogy Group that compared HyperCVAD/MA with rituximab and ben-

damustine with rituximab (S1106 study), stem cell collection was

planned and carried out after the 3rd of 4 HyperCVAD/MA cycles.

The R‐HyperCVAD/MA arm was prematurely closed as a result of

failure of stem cell collection and/or delay of therapy because of

hematological toxicity.23 Percentage (84%) of collected PBSC in the

present study was higher than that (66%) reported in the alternating

R‐CHOP/R‐DHAP regimen in the European MCL Network phase III

study.10 PFS and OS at 5 years for patients who received LEED

therapy followed by ASCT were relatively higher than those for

patients who did not receive LEED therapy followed by ASCT for

any reason, although the comparison is difficult because of the small

sample size and because it was a subset analysis according to out-

come.

Only 5 of the 45 eligible patients in the present study did not

complete induction chemotherapy (R‐High CHOP/CHASER) because

of toxicity (N = 3), disease progression (N = 1), or refusal (N = 1).

These proportions were much lower than the reported 29% of

patients who did not complete the planned 6 or 8 HyperCVAD/MA

cycles,23 and the reported 63% of patients who did not complete

the planned 4 HyperCVAD/MA cycles with 3 deaths during therapy

in a phase II study by Gruppo Italiano Studio Linfomi,24 but was

TABLE 3 Toxicity (N = 45) in all protocol treatments

CTCAE 3.0 G1 G2 G3 G4 % G3‐4

Leukocytes 0 0 1 44 100%

Hemoglobin 0 3 27 14 91.1%

Platelets 1 0 4 40 97.8%

Neutrophils 0 0 0 45 100%

Hypoalbuminemia 27 17 0 – 0%

Bilirubin 20 5 0 0 0%

AST 25 6 3 0 6.7%

ALT 23 12 4 1 11.1%

GGT 15 12 2 0 4.7%

Cholesterol 19 1 0 0 0%

Creatinine 10 0 0 0 0%

Hypernatremia 11 0 0 0 0%

Hyponatremia 38 – 2 0 4.4%

Hyperkalemia 16 1 0 0 0%

Hypokalemia 27 – 9 1 22.2%

Hypercalcemia 1 0 0 0 0%

Hypocalcemia 18 7 0 0 0%

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTCAE,

common terminology criteria for adverse events; G, grade; GGT, gamma‐
glutamyl transpeptidase; ‐, not applicable.
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comparable to the 3% of such patients reported in the Nordic MCL‐
2 study8 and the 6.7% of such patients reported in the GELA study.9

Our R‐High‐CHOP/CHASER/LEED therapy was well tolerated.

The nonrelapse mortality of 4.4% (2/45), which included 1 case with

ATL who was a HTLV type‐1 carrier and developed acute type ATL

after the completion of the protocol treatment, and 1 case with

DLBCL as PTLD, is comparable with that reported in the Nordic

MCL‐2 study (5%).8 Apart from these 2 secondary malignancies, 2

secondary malignancies including AML and latent prostatic carci-

noma developed after postprotocol treatment. Although a patient

who developed latent prostatic carcinoma completed protocol treat-

ment including ASCT, a patient who developed AML did not receive

LEED therapy followed by ASCT. The cause of these 2 secondary

malignancies is difficult to determine, especially with respect to the

relationship with protocol treatment, because they developed follow-

ing postprotocol treatment. No grade 2 or greater increased crea-

tinine levels occurred during any of the treatment cycles, because R‐
High‐CHOP/CHASER/LEED therapy does not contain any platinum

agents. In contrast, 8.3% (N = 5; 3 patients with grade 3 or 4) of 60

enrolled patients developed renal insufficiency in the GELA study

during which they were treated with DHAP using cisplatin.9

In the present study, opportunistic infections including cytomega-

lovirus infection, adenovirus cystitis and Pneumocystis pneumonia

were observed in 5 patients. Although the patients recovered

from these infections, routine monitoring of the number of

peripheral CD4+ lymphocytes was essential because intensive

immunochemotherapy caused severe lymphocytopenia. After encour-

aging all participating institutions to do this examination, no further

opportunistic infections were reported. In the present study, 22.2% of

patients developed grade 3 or 4 hypokalemia. Grade 4 hypokalemia

developed in 1 patient after both induction therapy and LEED high‐
dose therapy. The most likely reason for hypokalemia may have

been the frequent use of diuretics for increased body weight as a

result of the considerable volume of infusion fluid for CHASER

and LEED therapy.

Recently, Hoster et al reported that a modified MIP1 that combi-

nes the Ki‐67 index with MIPI (MIPI‐c) provided a refined risk strati-

fication, reflecting their strong complementary prognostic effects

while integrating the most relevant prognostic factors available in

routine clinical practice.18 In the present study, a very good OS at 5

years of 95.2% (95%CI 70.7‐99.3%) in low‐risk group (N=21), and a

very poor OS of 0% in high-risk group (N=2) were also observed

when risk group was stratified according to MIPI‐c.
Last, the incorporation of new molecular targeted drugs into the

current standard regimens is an attractive approach to improving the

efficacy of treatment strategies for MCL patients. It has been reported

that Bruton's tyrosine kinase inhibitors and phosphoinositide 3‐kinase
inhibitors showed high efficacy in relapsed or refractory MCL

patients.25 Further improvements of our regimen, including more effi-

cient harvest of auto‐PBSC and/or incorporation of promising new

molecular targeting agents, are important future goals.

In conclusion, R‐High‐CHOP/CHASER including HDAC and ritux-

imab followed by LEED HDC with ASCT showed a high CR rate and

durable PFS and OS in patients aged 65 years or younger with

newly diagnosed advanced MCL. This regimen compares favorably

with other regimens including HDAC, rituximab, and HDC with

ASCT and can now be considered a standard treatment option for

newly diagnosed younger patients with MCL.
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