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Abstract Respiratory syncytial virus (RSV) can cause
life-threatening complications of lower respiratory tract

infection (LRTI) in young children with malignancies,

but reports remain limited. We performed a retrospective
nationwide survey to clarify the current status of RSV dis-
ease among infants with hematological malignancies. Clini-
cal course, treatment, and outcome of patients with hemato-
logical malignancies who suffered from RSV infections at
the age of <24 months during anti-tumor therapy from April
2006 to March 2009 were investigated by sending a ques-
tionnaire to all member institutions of the Japanese Pedi-
atric Leukemia/Lymphoma Study Group (JPLSG). Twelve
patients with acute leukemia were identified as having expe-
rienced RSV disease. The primary diseases were acute mye-
loid leukemia (r = 8) and acute lymphoblastic leukemia
(n = 4). RSV infection occurred pre- or during induction
therapy (n = 8) and during consolidation therapy (n = 4).
Eight patients developed LRTI, four of whom had severe
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pneumonia or acute respiratory distress syndrome; these
four patients died despite receiving intensive care. In our
survey, the prognosis of RSV disease in pediatric hemato-
logical malignancies was poor, and progression of LRTI in
particular was associated with high mortality. In the absence
of RSV-specific therapy, effective prevention and treatment
strategies for severe RSV disease must be investigated.

Keywords Respiratory syncytial virus - Acute leukemia -
Infants

Introduction

Survival rate of children with pediatric hematological
malignancies has improved dramatically in the recent years
[1]. Not only the development of effective anti-tumor thera-
pies, management of infectious complications, either bacte-
rial, fungal, and/or viral, is also critical to maintain and to
further improve their prognoses.
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Respiratory syncytial virus (RSV) is a common cause
of lower respiratory tract infection (LRTI) mostly in young
children, especially in infants [2, 3]. In healthy individuals,
RSV generally causes mild and self-limited upper respira-
tory tract infections (URTI) only. However, in young chil-
dren, especially those with malignancies undergoing cyto-
toxic chemotherapy, RSV could cause severe LRTI and is
one of the most life-threatening pathogens among all the
pathogenic viruses.

Most infants experience initial infection with RSV
before the age of 2 years, however, permanent immunity
cannot be acquired [4]. The frequency of recurrent infec-
tion is high regardless of age, and patients with immunode-
ficiency are at highest risk of fatal complications. Several
reports have suggested that the prognosis of RSV disease
in hematological malignancies is poor [5-9]. It has been
reported that the mortality rate was high among infants
with acute myeloid leukemia (AML) enrolled in the Japa-
nese Pediatric Leukemia/Lymphoma Study Group (JPLSG)
AML-05 study, and one of the causes was respiratory com-
plication caused by RSV infection [10]. Because RSV-
specific therapy is not yet established, progression of RSV-
induced URTI to LRTI is associated with high mortality [6,
9]. A recent study of high-risk pediatric patients, including
those with malignancies, noted 12.5 % mortality rate fol-
lowing RSV infections [6, 11]. '

We, therefore, retrospectively investigated data related
to the clinical course, prognosis, and follow-up of RSV dis-
ease in Japanese infants with hematological malignancies.

Patients and methods

The subject of this retrospective study was patients with
newly diagnosed acute leukemia or lymphoma, and those
who suffered from RSV infection at the age of 24 months
or younger during curative therapy for their malignant con-
ditions. The survey period of the RSV-infection occurrence
was 3 years from April 2006 to March 2009. RSV infec-
tion had to be confirmed by rapid RSV testing by immuno-
chromatographic analysis of rhinopharyngeal swabs along
with UTRI and/or LTRI symptoms. The presence of appli-
cable patients was confirmed in the primary survey, and
information on demographics, laboratory and clinical data,
treatment, and outcome were collected for all the subject
cases in the secondary survey. These data were collected
by questionnaire sent to all 180 centers across the nation
that joined the JPLSG studies for the primary survey and
selected centers with applicable cases for the secondary
survey. The preserit research was approved by the Institu-
tional Review Board of Fukuoka University Hospital and
by the steering committee of the JPLSG.

@ Springer

Results

From the primary survey, we were able to obtain the infor-
mation from 148 of the 180 JPLSG institutions (82 %).
Sixteen cases from the 12 institutions were identified, but
4 cases were excluded from the present analysis because

“of the following reasons: three were aged older than

24 months at RSV infection and RSV infection was not
confirmed by the appropriate RSV testing in one case. As
a result, the remaining 12 cases were further analyzed.
Patient characteristics are shown in Table 1.

All patients were positive for RSV antigen testing of
rhinopharyngeal swabs. Median age at RSV infection was
10 months (range 2-21 months). There were seven boys
and five girls. The primary diseases of the 12 patients were
all acute leukemia: acute lymphoblastic leukemia (ALL,
n = 4) and AML (n = 8). Patients #11 and #12 had tri-
somy 21 without heart disease or other complications. No
patients had received palivizumab prophylaxis. The timing
of RSV disease onset was September to November in eight
cases and December to February in four cases.

Two patients (Patients #1 and #6) developed RSV dis-
ease before the initiation of induction chemotherapy, which
was postponed until the respiratory symptoms had resolved
(4 and 29 days, respectively). As a result, these two sur-
vived without severe complications. In the remaining ten
patients, RSV infection developed during induction therapy
in six cases and during consolidation therapy in four cases.

Most common symptoms were cough (n = 12) and fever
(n = 10). In patients with URTI alone (Patients #1, #3
and #7), symptoms resolved within 4-11 days. Other nine
patients developed LRTI with symptoms such as wheezing,
tachypnea, and retraction (Patients #2, #4—6, and #8-12),
and their median disease duration was 28 days (range

" 11-52 days). Four patients (Patients #4, #8-10) developed

severe bronchiolitis, pneumonia, or acute respiratory dis-
tress syndrome (ARDS) after 10-39 days, which were all
fatal in spite of intensive care including mechanical ven-
tilation. Other complications such as acute myocarditis or
encephalopathy were not encountered.

Laboratory data at onset of RSV disease are described
as follows. Mean serum C-reactive protein (CRP) level was
0.81 mg/dL (range 0.03-2.64 mg/dL), and immunoglobu-
lin (Ig) G values were >500 mg/dL (range 518-1055 mg/
dL) in all patients. Peripheral white blood cell count was
<1000/pL (range 100-700/pL) in six patients and the
lymphocyte count was <500/pL (range 0-476/uL) in
seven patients. Treatment after RSV infection involved
intravenous infusion of antibiotics in 11 patients (exclud-
ing Patient #1), for a median period of 21 days (rang
11-66 days). Oxygen administration was used in eight of
nine patients with LRTT: four of these patients survived
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Table 1 Characteristics, treatment, and outcome of the 12 infants who suffered from RSV disease

Sex Primary Age atonset  Chemotherapy Symptoms Diagnosis WBC ANC/lymat IgGat Steroid IVIG Anti- Oxygen Out-
disease of RSV disease regimen (phase) at onset onset of RSV onset viral adminis- come
(month) . (10°/L) disease (10%L) of RSV therapy tration
disease
(mg/dl)
1 F ALL 13 MLLO3 Cough, fever URTI 117.8 5.9/14.1 518 No No No No Recov-
(pre-induction) ered
2 F ALL 2 MLLO03 Cough Bronchitis 0.1 - 553 No No No Yes Recov-
(induction) ered
3 M ALL 8 MLLO3 Cough, fever ARDS 12 0.3/0.9 845 Yes Yes Palivi-  Yes Died
(induction) zumab/ RSV
rivabi- infec-
rin tion)
4 M ALL 21 JACLS HR02 Cough, nasal URTI 0.2 NR 689 No Yes No No Recov-
(consolidation) discharge ered
5 F AML 11 AML-05 Cough, fever Bronchitis 1.6 7.7/7.8 785 Yes Yes Palivi-  Yes Recov-
(induction) (pulse) zumab ered
6 M AML 4 AML-05 Cough, fever Pneumonia 23.3 0.1/1.9 1055  Yes Yes Palivi- Yes Recov-
(pre-induction) zumab ered
7 F AML 20 AML-05 Cough, fever URTI 0.1 NR 618 No Yes No No Recov-
(consolidation) ered
8 M AML 7 AML-05 Cough, fever ARDS 1 0.06/0.09 668 Yes Yes No Yes, MV Died
(induction) (RSV
infec-
tion)
9 M AML 7 AML-05 Cough, fever Pneumonia 7.8 2.4/4.3 844 Yes Yes Palivi-  Yes, MV Died
(pre-induction) (pulse) zumab (RSV
infec-
tion)
10 M AML 14 CCLSG Cough, fever Bronchitis 1.5 0/0.07 567 Yes Yes No Yes, MV Died
AML9805RE (pulse) (RSV
(induction) infec-
. tion)
11 M AML 17 AML99D Cough, fever Bronchitis 0.1 NR 592 No Yes No No Recov-
(consolidation) ered
12 F AML 9 AML99D Cough, fever Bronchitis 0.7 2.0/4.8 538 Yes Yes No Yes Recov-
(consolidation) ered

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, ANC absolute neutrophil count, ARDS acute respiratory distress syndrome, F female, IVIG intravenous immunoglobulin, lym
lymphocyte, M male, MV mechanical ventilation, NR not recorded, URTI upper respiratory tract infections, MLLO3 The JPLSG trial for MLL-gene-rearrangement positive infantile ALL of the
JPLSG [19], JACLS HRO2 The Japan Association of Childhood Leukemia Study (JACLS) trial for high risk pediatric B-precursor ALL, AML-05 The JPLSG study for pediatric AML'®, CCLSG
AML9805RE The Children’s Cancer and Leuekmia Study Group (CCLSG) trial for refractory pediatric AML, AML99D The Japanese AML cooperative study group trial for patients with Down

syndrome (DS) and AML [20]
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and their symptoms improved after 14-52 days of oxygen
administration, while the other four patients did not survive
despite receiving intensive care including mechanical ven-
tilation, high-dose steroid treatment, etc.

Discussion

RSV is one of the most iinportant respiratory viruses caus-
ing severe infections in patients with hematological malig-
nancies. Previous reports showed that the occurrence of
RSV infection during AML chemotherapy was about 10 %,
and the RSV-associated mortality rate was 0.2 % [6, 10].
In our survey, RSV occurred in 12 patients, and 4 of the 12
patients died from RSV infection. This suggested that the
prognosis was also poor in our study population.

RSV infection occurred most frequency during the
induction phase (n = 8), which was the case in all the four
fatal cases. Two patients were diagnosed with RSV infec-
tion prior to treatment and their induction chemotherapy
was postponed until the symptoms had resolved: serious
complications did not occur in these patients (Patients #1
and #5). It is therefore important to consider postponing
chemotherapy in patients who are diagnosed with RSV
infection prior to starting chemotherapy. :

High mortality rate has been reported in cases with
hematological malignancies complicated by RSV infec-
tion [5~7, 12]. In particular, the mortality rate was 50 %
or higher for patients in whom disease status progressed
from URTI to LRTI [6, 11]. Various reports have shown
that progression to LRTI is an important prognostic fac-
tor [6, 11, 12]. In our study, symptoms improved within
approximately 10 days in the three patients who only had
upper respiratory symptoms. Nine patients had LRTI. Four
of them developed severe pneumonia or ARDS and did not
survive despite receiving intensive care including mechani-
cal ventilation. Four of the five surviving patients required
several weeks of oxygen administration. Other reported
risk factors are aged under 3 years, old age, and lympho-
cytopenia [6, 7, 13, 14]. In our study, lymphocytopenia was
detected in seven patients (58.3 %).

Effective treatment for RSV infection has not been
established yet [6, 7, 13, 14]. Although efficacy has not
been confirmed, steroids are often used to manage RSV
infection. In our study, steroids were used in seven patients
with progressive LRTI, although symptoms were not
improved in any of these patients. Moreover, steroid pulse
therapy was administered in four of these patients, and
three of them died. Although many institutions used intra-
venous immunoglobulin therapy aiming an antiviral effect,
no obvious effect could be seen in our series. Use of pal-
ivizumab, anti-RSV humanized monoclonal antibody, is

@ Springer

established for preventing severe RSV infections for young
children with congenital heart disease, with history of pre-
mature infancy, and/or with history of bronchopulmonary
dysplasia. In the current study, no patients underwent
prophylaxis with palivizumab, but four patients received
palivizumab for treatment after developing severe respira-
tory failure, and symptoms improved in two of them. This
finding suggests the effect of palivizumab as a potential
treatment choice and warrants for evaluation in future stud-
ies. As of anti-viral ‘agents, aerosolized ribavirin therapy
has been used for high-risk patients, but this formula is
generally not available in Japan [15-18]. Moreover, riba-
virin has shown poor efficacy when used as monotherapy.
Some reports have suggested that ribavirin is effective in
preventing the progression of LRTI when combined with
high-titer immunoglobulin, palivizumab, or other treat-
ment options during the URTT period. Further investigation
is necessary since the number of patients reported in each
study is small [15-18]. In our study, aerosolized ribavirin
and intramuscular palivizumab were used after progression
to LRTI in one patient (Patient #11), but unfortunately did
not work. To summarize, there are no established effective
treatment for RSV infections to date, and more effective
anti-viral therapy for RSV is urgently required for these
high-risk cases.

Because RSV only causes mild symptoms when infected
in healthy individuals including families or health care pro-
viders, it is quite difficult to completely prevent RSV trans-
mission to the patient. Therefore, it is important to immu-
nize the patients themselves to protect them from RSV.
Since August 2013, prophylactic administration of palivi-
zumab has been expanded for use in patients younger than
2 years with immunodeficiency in Japan, including patients
with malignancies [7]. It is expected that this expansion of
palivizumab indication would effectively prevent severe
RSV infection in Japanese patients with hematological
malignancies, although its efficacy must be further evalu-
ated. However, as many of the cases suffer from RSV
infections before or during the initial induction course as
shown in the present study, prophylactic palivizumab might
not be in time for effective prevention if the patients are
already exposed to RSV shortly before or at diagnosis. In
that sense, universal vaccination of RSV, which is currently
underway, would be more effective.

In conclusion, the prognosis of RSV disease in pediatric
hematological malignancies was poor. Because the effec-
tive treatment strategy is not yet established, the effective
prophylaxis and treatment strategies for severe RSV dis-
ease must be investigated.
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Background. On the basis of results of previous Japanese trials
for myeloid leukemia in Down syndrome (ML-DS), the efficacy
of risk-oriented therapy was evaluated in the Japanese Pediatric
Leukemia/Llymphoma Study Group AML-DO5 study. Procedure. All
patients received induction chemotherapy that consisted of piraru-
bicin, intermediate-dose cytarabine, and etoposide. Patients who
achieved complete remission (CR) after initial induction therapy
were stratified to the standard risk (SR) group and received four
courses of reduced-dose intensification therapy. Patients who did
not achieve CR were stratified to the high risk (HR) group and
received intensified therapy that consisted of continuous or high-
dose cytarabine. Results. A total of 72 patients were eligible and

Key words:

acute myeloid leukemia; clinical trial; Down syndrome

evaluated. One patient died of sepsis during initial induction ther-
apy. Sixty-nine patients were stratified to SR and two patients to
HR. No therapy-related deaths were observed during intensifica-
tion therapy. The 3-year event-free and overall survival rates were
83.3% == 4.4% and 87.5% =+ 3.9 %, respectively. Age at diagno-
sis less than 2 years was a significant favorable prognostic factor
for risk of relapse (P = 0.009). Conclusions. The attempt of risk-
oriented prospective study for ML-DS was unsuccessful, but despite
the dose reduction of chemotherapeutic agents, the overall outcome
was good, and further dose reduction might be possible for specific
subgroups. Pediatr Blood Cancer 2016,;63:248-254.  ©2015 Wiley
Periodicals, Inc. '
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INTRODUCTION

Myeloid leukemia in Down syndrome (ML-DS) has unique
characteristics: predominance of acute megakaryoblastic
leukemia; age predilection during the first 4 years of life; and
higher sensitivity to chemotherapeutic agents, which trans-
lates into a good treatment response, as well as increased
treatment-related toxicities compared with nonDS children
with acute myeloid leukemia (AML). As a result, children with
ML-DS are treated separately from nonDS AML children with
less intensive treatment in recent clinical studies in developed
countries.[1-5]

In Japan, a multi-institutional prospective study, designated
the AML99 Down study, was conducted and enrolled 72 pa-
tients from 2000 to 2004 by the Japanese AML Cooperative
Study Group (consisting of Tokyo Children’s Cancer Study
Group [TCCSG], Japan Association of Childhood Leukemia
Study [JACLS], and Kyushu Yamaguchi Children’s Cancer
Study Group [KYCCSG]). It evaluated a slightly modified
regimen from the previous trial using pirarubicin instead of
daunorubicin and a reduced total number of treatment courses
from six to five.[6] The 3-year overall survival (OS) and event-
free survival (EFS) rates were 84% and 83%, respectively, and
treatment-related mortality (TRM) was only 1.4%. In this study,
failure to achieve M1 marrow after initial induction was a poor
prognostic factor. During the same period, another group,
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Fig. 1. Protocol scheme of the JPLSG AML-DO5 study. CET: pirarubicin (25 mg/m? per day via 1-hr infusion on Days 1 and 2), cytarabine
(100 mg/m? per day via 1-hr infusion on Days 1-7), etoposide (150 mg/m? per day via 2-hr infusion on Days 3-3). CT: CET without
etoposide. cCVT: pirarubicin (40 mg/m? via 1-hr infusion on Day 1), vincristine (I mg/m? intravenous on Day 2), cytarabine (100 mg/m?
per day via 24-hr continuous intravenous infusion on Days 1-7). hCE: HDCA (1 g/m? via 2-hr infusion every 12 hr on Days 1-5), etoposide

(100 mg/m? per day via 2-hr infusion on Days 2-4).

the Japanese Childhood Cancer and Leukemia Study Group
(CCLSG), performed a prospective study using continuous or
high-dose cytarabine combination chemotherapy for patients
with ML-DS[7] Of the 24 patients enrolled from 1998 to
2006, 21 achieved complete remission (CR), and three patients
died during remission induction therapy because of serious
infection. All but one patient maintained CR without serious
complications. As shown in these previous studies, the majority
of patients with ML-DS could be cured with relatively mild
chemotherapy compared with children with AML in nonDS,
but it is rarely salvageable once they relapse.[6] In order to
further improve the outcome of children with ML-DS, it is nec-
essary to identify a subgroup with a poor prognosis and prevent
relapse for these cases. On the basis of these results, a nation-
wide prospective study for ML-DS by the Japanese Pediatric
Leukemia/Lymphoma Study Group (JPLSG), in which the four
existing pediatric leukemia study groups (TCCSG, JACLS, KY-
CCSG, and CCLSG) were merged, was planned and conducted.

PATIENTS AND METHODS

Patients

Between January 2008 and December 2010, patients with
ML-DS entered the JPLSG AML-DO0S study after informed
consent was obtained. The eligibility criteria of this study were
as follows: (i) patients of DS with myelodysplastic syndrome
(MDS) or AML;[8] (ii) age older than 4 months and younger
than 18 years old; (iii) patients with sufficient organ function;
(iv) patients with cardiac disease were also eligible if without
serious complications; (v) no history of previous chemotherapy
(except use of cytarabine for transient abnormal myelopoiesis
[TAMY]) or radiation therapy. Patients with TAM and patients
with central nervous system (CNS) leukemia were not eligible.
This trial was registered with the UMIN Clinical Trials Registry
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(UMIN-CTR, URL: http://www.umin.ac. jp/ctr/index.htm),
number UMIN000000989.

Treatment

The details of treatment in the JPLSG AML-DO05 study are
shown in Figure 1. The patients received one course of induc-
tion therapy with cytarabine, etoposide and pirarubicin (THP-
adriamycin), designated as CET, which was the same as AML99
Down study induction, and they were then stratified into two
risk groups (standard risk [SR] or high risk [HR]) according to
the morphological response. Patients with a good response (SR:
M1 marrow achieved after initial CET) received less intensive
chemotherapy, in which the total dose of etoposide was reduced
compared with the AML99 Down protocol (omitted at the 2nd
and 4th courses). For those with a poor response (HR: M1 mar-
row not achieved after initial CET), a salvage regimen with more
intensive use of cytarabine was given either by 24-hr continuous
infusion or high-dose, as in the CCLSG AML 9805 Down study.
No intrathecal chemotherapy was given.

ML-DS Older than 4 Years Old

ML-DS typically develops in patients younger than 4 years
old and patients older than 4 years have different biology, such as
no magakaryoblasts phenotype, no G4TAI mutation of blasts,
and poor prognosis compared with “typical ML-DS.”[9] Ac-
tually, in the clinical therapeutic studies of International BFM
Study Group (I-BFM) and Children’s Oncology Group (COG)
for ML-DS, patients older than 4 years were not included. How-
ever, an optimal therapeutic approach for these “atypical” ML-
DS has not been established. Because there are a few case re-
ports of the patients older than 4 years old in Japan who were
successfully treated with less intensive regimen,[10,11] patients
older than 4 years old were eligible for this AML-DO0S study.
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TABLE I. Characteristics of the Patients in the JPLSG AML-D05 Study
Characteristic ) No. % Characteristic No. Yo
Age, months WBC (x10°11)
Median 19 Median 4.9
4-11 8 11 Range 1.2-38.8
12-23 40 56 Hb (g/dl)
24-35 14 19 Median 9.8
36-48 5 - 7 Range 3.7-14.8
49- 5 7 Plt (x10°/1)
Sex Median 36
Male 40 56 Range 0.3-312
Female 32 44 Cytogenetics
21 trisomy mosaic Normal karyotype? 19 26
Yes 3 4 Monosomy 7 10° 14
No 64 89 Sole trisomy 8¢ 3 4
Unknown 5 7 Complex 20° 28
History of TAM Others 22 31
Yes 35 49 Unsuccessful 3 4
No 26 36 GATAI mutation
Unknown 11 15 Yes 28 38
Cardiac complication No 6 8
Yes 48 67 Unknown 38 54
No 21 29 FLT3-ITD
Unknown 3 4 Wild type 70 97
FAB classification Mutated 1 1
M7 16 22 Unknown 1 1
RAEB-T 13 18
RAEB 35 49
RA 4 6
Others 4 6

aNormal karyotype means 47,XX,+21c or 47,XY,+21c. PKaryotype in five cases showed complex including monosomy 7. “Trisomy 8 only

in addition to constitutional trisomy 21.

GATAT Status

GATAI status of blasts was examined retrospectively for a
limited number of patients in this study. Target deep sequencing
analysis was performed for detecting mutations in the second
and third exons of the GATAI gene. Amplification of the locus
was accomplished by long PCR reactions using KOD-FX-Neo
DNA polymerase (TOYOBO, Osaka, Japan). Used Primers
were 135 sense (5-AGGTAGAAGCAGATGAGAGTGGA-3)
and AS3 (§-GTGGGGTGGAGAGGAGAAGAGGGA-3').
The PCR products were processed for library preparation
after determination of their quantity by the Qubit dsDNA
HS Assay (Life Technologies, Invitrogen Division, Darmstadt,
Germany). Libraries were prepared using the Nextera XT
DNA Sample Preparation Kit (Illumina, San Diego, CA)
according to the manufacturer’s recommendation. Sequencing
reactions were carried out using the MiSeq v2 (2 x 150 bp)
chemistries (Illumina). The MiSeq re-sequencing protocol for
amplicon was performed. The sequences were mapped on the
human GRCh37/hgl9 assembly and quality checked using the
on-board software MiSeq Reporter, and analyzed by CLC
Genomics Workbench software (CL.C bio, Aarhus, Denmark).

Definitions and Statistics

The initial diagnosis of ML-DS was evaluated by central
review (morphology, flow cytometry, and cytogenetics). In cases
of dry tap marrow, the diagnosis was made by bone marrow
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biopsy. Evaluation of each treatment was performed after abso-
lute neutrophil count (ANC) > 500/ul and platelets > 50,000/l
in peripheral blood were reached. Treatment response, also eval-
uated by central review, was defined as follows: M1 marrow, less
than 5% blasts in the bone marrow; M2 marrow, more than 5%
and less than 25% blasts; M3 marrow, more than 25% blasts; and
CR, M1 marrow with regeneration of normal hematopoiesis
and no leukemia-related symptoms or extramedullary leukemic
invasion observed.

Descriptive statistical analyses to assess baseline characteris-
tics and the clinical course of patients diagnosed with ML-DS
were performed using Chi-square tests for categorical variables
and Wilcoxon rank-sum tests for continuous variables. OS was
defined as the length of time from registration in the AML-
D05 study to death from any cause. EFS was defined as the
length of time from the diagnosis of AML to the last follow-
up or first event (failure to achieve remission, relapse, secondary
malignancy, or death from any cause). OS and EFS percent-
ages and standard errors were calculated using the Kaplan—
Meier method. A competing-risks regression based on Fine and
Gray’s proportional subhazards model was used to investigate
risk factors that were associated with relapse after registration.
Variables including sex (female vs. male), age at initial diag-
nosis (<2 years vs. >2 years, <4 years vs. >4 years), WBC
count at initial diagnosis (=20,000/ul vs. <20,000/u1), FAB
morphology at initial diagnosis (M7 vs. MDS vs. others), SR vs.
HR, chromosomal abnormalities of blasts (normal karyotype;
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Fig. 2. Event-free and overall survival curves of the JPLSG AML-DO05 study. The 3-year event-free and overall survival rates are

83.3% =+ 4.4% and 87.5% == 3.9 %, respectively.

47, XX, +21c or 47, XY, +21c vs. monosomy 7 vs. others),
FLT3-ITD status of blasts (wild type vs. mutated), and GATA1
status of blasts (normal vs. mutated), that were significantly as-
sociated with relapse on univariate analyses were considered for
inclusion in the model. Significant variables associated with sur-
vival were then identified: Two-sided P values greater than 0.05
were interpreted with caution. All data analyses were performed
using STATA version 13.0 (STATA Corp., College Station, TX).
Follow-up data were actualized as of December 31, 2013.

RESULTS

Patient Characteristics

A total of 74 patients were registered in this study. Two pa-
tients were not eligible because of misdiagnosis and uncontrol-
lable cardiac failure, respectively. For analysis of the results, 72
patients were eligible. The relevant initial clinical and hema-
tological data of the 72 patients in this study are shown in
Table 1. Males predominated. Age ranged from 10 months to
206 months (median, 19 months), and all but five patients were
younger than 4 years old. Three patients had mosaic 21 trisomy,
16 patients were diagnosed as M7, and 13 as refractory anemia
with excess blasts in transformation (RAEB-T), 35 as RAEB,
four as refractory anemia (RA), and four as others (M2, and
about half the patients had a history of TAM). About two-
thirds of the patients (n = 48) had cardiac disease at presen-
tation. Morphologically, leukemic cells were M4, M5a, and M6
by the French-American-British (FAB) classification. The 11 of
RAEB and one of RA patients had megakaryoblasts by bone
marrow biopsy. Karyotype analysis showed sole monosomy 7 in
one patient, monosomy 7 associated with a ring or marker chro-
mosome excluding complex karyotype in four patients, mono-
somy 7 associated with a ring or marker chromosome including
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complex karyotype in three patients, t(8;21)(q22;q22) with FAB
M2 morphology in one, complex karyotype (defined by the pres-
ence of a clone with at least three unrelated cytogenetic abnor-
malities) in 20 patients, and 19 patients with otherwise normal
karyotype and sole constitutional trisomy 21. All but one pa-
tient were examined for FLT3-ITD status, and only one patient
had mutated FLT3-1TD blasts.

Treatment Outcome

Overall, 69 (95.8%) of 72 patients achieved CR after initial
CET and were stratified to the SR group. Two patients who did
not achieve CR after induction therapy CET were stratified to
the HR group, and both patients achieved CR by salvage induc-
tion therapy. One patient died of sepsis after initial CET. One
patient was removed from the trial due to the physician’s deci-
sion, with pathological cells in the bone marrow (less than 5%),
during intensification therapy. No therapy-related deaths were
observed during intensification therapy.

Ten patients relapsed in the bone marrow; nine were in the
SR group, and two relapsed during intensification therapy. One
patient was in the HR group and relapsed during intensification.
No extramedullary relapse, including CNS, was observed.

The 3-year EFS and OS rates were 83.3% =+ 4.4% and
87.5% = 3.9%, respectively (Fig. 2). No patients with secondary
cancer or severe cardiotoxicity were observed.

Toxic Events

A grade 4 adverse event (elevation of liver enzyme;
AST/ALT) was observed in one patient (one event) during in-
duction therapy with CET and in one patient (one event) during
the intensification phases. No toxic deaths were observed during
remission. Therapy-related mortality of this study was 1.4%.
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TABLE II. Patients Older than 4 Years at Initial Diagnosis in the JPLSG AML-D05 Study

Age
Registration  (Mo)at History of GATAI FLT3
code diagnosis  Gender TAM WBC Morphology Chromosome mutation -ITD Risk  Prognosis
#06 206 Male No 11,300 FAB M2 47, XY, t(8;21) No Wild type HR DFS (68+
(922;q22),+21c months)
#09 193 Male Unknown 38,800 FAB MS5a Complex No Mutated SR BM relapse
(19 months)
#19 204 Male No 1,300 - FABM4 47XY,+21c No Wild type SR DFS (59+
months)
#46 58 Female Yes 1,200 RAEB Complex Not Wild type SR DFS (47+
examined months)
#64 57 Male No 6,710 FABM6 47,XY,+21c Not Wild type SR BM relapse
examined (30 months)

DFS, disease-free survival.

ML-DS Older than 4 Years Old

Table II shows the characteristics of all five patients older
than 4 years at initial diagnosis. All four patients had nonFAB
M7 phenotype, and three of them are alive without relapse. One
patient who relapsed had FLT3-ITD mutated blasts.

Prognostic Factors

Several predictive factors for relapse were evaluated by uni-
variate and multivariate analyses (Table ITI). Age at diagnosis
less than 2 years old was a significant favorable prognostic
factor on both univariate and multivariate analyses. Only one
patient had FLT3-ITD, and this was a significant poor prog-
nostic factor. Other factors, including sex, high WBC counts
(>20,000/u1), FAB morphologies (non M7), and chromosomal
abnormalities (normal karyotype or monosomy 7), did not
adversely affect the risk of relapse.

DISCUSSION

‘We report a Japanese nationwide prospective study of ML-
DS, which followed the previous Japanese strategy with a very
low-intensity chemotherapy regimen. This study tested risk-
oriented therapy and aimed to salvage the HR patients with a
poor prognosis (M2 or M3 marrow after initial induction ther-
apy with CET) based on a previous AML99 Down study, by
adding more intensive use of cytarabine given either by 24-hr
continuous infusion or high dose. About 10% of the patients had
been anticipated to be stratified into the HR group, but unex-
pectedly, only two patients were actually assigned to this group,
so that evaluation of the efficacy of this strategy was difficult.
On the other hand, for the good prognosis group (SR; M1 mar-
row after initial induction therapy with CET), the cumulative
dose of etoposide was reduced from 1,800 mg/m? to 900 mg/m?
in the intensification phases compared to the previous AML99
Down study. The 3-year EFS of this group was 85.5% & 4.2%,
which was comparable with the previous AML 99 Down study,

TABLE III. Cumulative Relapse Rate of the JPLSG AML D-05 Study (Competitive Risk Model)

Multivariate analysis®®

Univariate analysis® Model 1 Model 2
n  HR (95% CI) P HR 95% CI) P HR (95% CD p

Sex (ref: female) male 68 2.08 (0.55-7.92) 0.284 1.79 (0.31-10.22) 0.514 1.59 (0.37-6.81)  0.533
Age (ref: <2y) =2y 68 792 (1.68-37.22) 0.009 7.33 (1.76-30.50) 0.006 - -
Age (ref: <3y) =3y 68 596 (1.78-19.88) 0.004 - - 1820 (1.29-256.85) 0.032
Standard risk (ref: high risk) no 68 542 (0.57-51.69) 0.142 156 (0.11-22.62) 0.744 035 (0.00-39.27) 0.663
M7 phenotype (ref: M7+RAEB-T 68 2,10 (0.23-19.17) 0.511 149 (0.09-25.89) 0.786 391  (0.45-33.92) 0.216

& RAEB or RA) Others '
Chromosome abnormality

Normal karyotype (ref: No) Yes 68 0.62  (0.13-2.89) 0.543 0.64 (0.09-4.45) 0.651 0.18 (0.02-1.45)  0.107

—7 (ref: No) Yes 68 254 (0.70-9.20) 0.156 3.72 (0.47-29.67) 0.215 298  (0.46-19.14) 0.250

Complex (ref: No) Yes 68 0.56 (0.12-2.53) 0.450 0.16 (0.01-2.25) 0.176 0.06 (0.00-1.33)  0.075
FLT3-ITD (ref: Negative) Positive =~ 68 7.86 (3.93-15.74) 0.000 3.69 (0.64-21.12) 0.143 234  (0.30-18.38) 0.417

HR, hazard ratio; CI, confidence interval; ref, reference category. Model 1: adjustment for age (<2 y vs. =2 y), BMA2 CR (yes vs. no), M7
phenotype (M7+RAEB-T & RAEB or RA vs. others), chromosome abnormality: normal karyotype (no vs. yes), chromosome abnormality:
—7 (no vs. yes), chromosome abnormality: complex (no vs. yes) and FLT3-ITD (negative vs, positive). Model 2: adjustment for age (<3 y vs.
>3y), BMA2 CR (yes vs. no), M7 phenotype (M7+RAEB-T & RAEB or RA vs. others), chromosome abnormality: normal karyotype (no
vs. yes), chromosome abnormality: —7 (no vs. yes), chromosome abnormality: complex (no vs. yes) and FLT3-ITD (negative vs. positive).
2Competing-risks regression based on Fine and Gray’s proportional subhazards model. "Forced entry method.
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TABLE I'V. Recent clinical trials for ML-DS
Daunorubicin
(pirarubicin) Ara-C Etoposide TRM oS EFS
Study Years N (mg/m?) (mg/m?) (mg/m?) %) (%) (%) Ref.
BFM98 for DS 98-03 67 220-240 23-29,000 950 5 91 893y 1
NOPHO AML93 88-02 41 300 48,600 1,600 5 NA 858y) 2
MRC AML10/12 88-02 46 670 10,600 0 15 74 74 (5y) 3
CCG 2861/2891 89-99 160 320 15,800 1,600 4 79 77(6y) 4
COG A2971 99-03 132 320 27,200 0 3 84 79(5y) 5
LD-cytarabine 90-03 34 0 7,400 0 0 77 675 y) 13
AML99 DS 00-04 72 (250) 3,500 2,250 1 84 83(4y) 6
CCLSG 9805DS 98-06 24 (190) 12,600 200 12.5 88 83(5y) 7
JPLSG AML D05 08-10 72 (250)(SR) 3,500(SR) 1,350(SR) 1 88 83(3y)
(170)(HR) 12,800(HR) 1,050(HR)

TRM, treatment-related mortality; OS, overall survival; EFS, event-free survival; NA, not evaluated; SR, standard risk; HR, high risk.

in which the 3-year EFS of patients who achieved M1 marrow
after one cycle of induction CET was 87.3% + 8.6%.

Age at diagnosis less than 2 years old was a significant fa-
vorable prognostic factor for risk of relapse. These results were
comparable with the CCG 2891 study.[4]. Age more than 4 years
old, which is thought to have different biology with poor prog-
nosis, was not a poor prognostic factor. This AML-D05 study
included patients older than 4 years, thought to be “atypical
ML-DS;” statistical analyses only for the patients younger than
4 years old were also done, but age at diagnosis less than 2 years
old was again a significant favorable prognostic factor for risk of
relapse (Supplemental Table I). Monosomy 7, which was a sig-
nificant poor prognostic factor in the AML 99 Down study, nor-
mal karyotype, and high white blood cell counts (=20 x 10°/1),
which were significant poor prognostic factors in large interna-
tional retrospective study by I-BFM,[12] were not in this AML-
D05 study. GATAI status, which was examined only a limited
number of patients, was not a prognostic factor.

Recent clinical trials for ML-DS are summarized in Table I'V.
Less intensive chemotherapy compared with Western countries
had been done in Japan for ML-DS, but treatment outcomes
were comparable, and despite the dose reduction of chemother-
apeutic agents compared with our previous studies, the overall
outcome was good. Combined with the results of the Toronto
group study with an ultra-low-dose cytarabine-based regimen,
which contained no anthracyclines and no etoposide,[13] fur-
ther dose reduction might be possible for specific subgroups.
On the other hand, most relapses occurred in the SR group de-
fined by morphological treatment response, and relapsed cases
are rarely salvageable, even in those receiving stem cell trans-
plantation.[14] Thus, in terms of treatment outcome, ML-DS
is a heterogeneous disease and risk-oriented therapy as in the
present study is a reasonable strategy for ML-DS. Unexpectedly,
risk stratification by morphological treatment response in the
present study did not work well, with few HR patients. To find a
more accurate method for identification of the poor prognostic
subgroup, we are currently analyzing the role of minimal resid-
ual disease with various methods (flow cytometry, PCR, WT1
expression, and GATAI mutation) in the ongoing JPLSG AML-
D11 study (UMIN000007237), in which the treatment proto-
col is the same as the AML-DO05 study. Moreover, new ther-
apeutic approaches using new drugs such as MK-1775 (Weel
inhibitor),[15] MNL9237 (Aurora kinase inhibitor) and his-
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tone deacetylase inhibitors will be needed for relapsed/refractory
cases.[16,17]
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ARTICLE INFO ABSTRACT
Article history: Background: In the Japanese Study Group for Pediatric Liver Tumnor (JPLT) protocols (JPLT-1 and 2) for evaluating
Received 11 August 2015 the cure rate of risk-stratified hepatoblastoma, primary resection was permitted in PRETEXT I and 1I cases,
Accepted 24 August 2015 followed by postoperative chemotherapy.

Methods: In approximately 500 enrolled cases, resection was performed as the initial treatment in 60 cases,
Key words: including all 18 PRETEXT 1, 30 PRETEXT II, and 12 ruptured cases. The clinical features, surgical procedures,
ngatoblas toma . complications, and survival rates were compared in these three groups.
Primary resection, survival N
Prognosis Results: All .18 PRETFXT I cases underwent complete resection by lobectomy or segmentectomy (n = 14) or
Complication nonanatomical partial hepatectomy (NPH) (n = 4). The 30 PRETEXT Il cases underwent primary resection by

right or left lobectomy (n = 16), NPH (n = 10), or other procedures (n = 4). Of these 30 cases, operational
death occurred in 1 newborn, and recurrence occurred in 7 cases (14.6%), including 6 NPH cases and 4 older
cases (aged >3 years). Of the 12 ruptured cases, 7 (58.3%) showed recurrence. Event-free survival rates at
5 years in the 3 groups were 88%, 70%, and 32%, respectively.

Conclusions: Primary resection for PRETEXT I or Il HB cases should be performed by anatomical resection
according to strict surgical guidelines. More intensified chemotherapy is required for primary resected cases
whose tumors have ruptured.

© 2015 Elsevier Inc. All rights reserved.

Hepatoblastoma (HB) is the most common malignant hepatic tumor
in infants and young children, representing approximately 1% of all pe-
diatric malignancies [1,2]. Survival has improved over the past decades
owing to clinical trials using a combination of chemotherapy and surgi-
cal resection [3]. Children with HB respond well to chemotherapy and
have a high cure rate with a 3-year overall survival (0S) of 70%.
Completeness of tumor removal is one of the most important prognostic
factors. The standard treatment strategy for HB therefore consists of
preoperative (neoadjuvant) chemotherapy, surgical resection, and
postoperative chemotherapy [3,4]. At present, the Liver Tumor Study
Group of the International Society of Pediatric Oncology (SIOPEL)
group trials use surgical resection after preoperative chemotherapy in
all cases of HB [5]. On the other hand, the JPLT and COG multicenter
studies permit primary resection for early stages of the tumor including
PRETEXT (Pre Treatment Extent of Disease staging System) I and I
tumors. Moreover, HB sometimes occurs as a result of tumor

* Corresponding author at: Department of Pediatric Surgery, Hiroshima University Hos-
pital, Hiroshima 734-8551 Japan. Tel: +81 82 257 5951; fax: +81 82 257 5416.
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rupture, and in such cases primary resection is performed to control
intraperitoneal bleeding.

In this study, we investigated children who underwent resections as
the initial treatment (so called primary resection) according to the JPLT-
1 and JPLT-2 protocols. In these protocols, the chemotherapy regimen
was based on CITA (cisplatin and pirarubicin). Because each cohort
with primary resection was too small to be evaluated we evaluated
the combined cases of primary resection.

1. Patients and methods

JPLT-1 was open to enrollment in 1991 and closed in 1999 [6], while
JPLT-2 was open in 1999 and closed in 2012 [4], Eligible patients inclu-
ded children younger than 15 years at diagnosis with previously un-
treated malignant liver tumors. The study retrospectively reviewed 48
children with HB (20 females, 28 males) who underwent primary resec-
tion according to the JPLT-1 (n = 154) and JPLT-2 protocol (n = 335)
cohorts. In addition, the study reviewed 12 cases with ruptured tumor
who underwent primary resection in JPLT 2 study. In the JPLT-2 proto-
col, tumor extension was graded using the PRETEXT system [7], where-
as the JPLT-1 protocol was graded using the Japanese surgical
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classification [6]. Therefore, JPLT-1 cases were classified retrospectively
using the PRETEXT system. Ethics approval was obtained from the ethics
committee of each institution of JPLT. Written, informed consent was
obtained from the parents of the HB patients before enrollment.

After a detailed history and a thorough physical examination, blood
was collected for liver function tests and tumor markers including
alpha-fetoprotein (AFP). Other routine investigations included a chest
X-ray, upper gastrointestinal endoscopy, abdominal ultrasound,
contrast-enhanced computed tomography (CT), and/or magnetic reso-
nance imaging (MRI) to investigate patients with clinical or radiological
suspicion of intrahepatic or extrahepatic metastases.

The outlines of the JPLT-1 and JPLT-2 studies have been described
previously [6,8]. In the JPLT-1, patients with early stage tumors (stage
Ior II) received the 91A protocol which was divided into two subgroups.
In this protocol, the 91A1 patients (n = 12) received one course of
intraarterial chemotherapy before surgical resection, while the 91A2
patients (n = 18) underwent initial primary surgery. The 91A1 patients,
whose ages at diagnosis ranged from 6 to 96 months (median
15 months) included 10 males and 2 females. In the 91A2 patients,
whose ages at surgery ranged from 4 to 160 months (median
18 months), included 12 males and 6 females. In JPLT-2, all PRETEXT |
cases (n = 14) first received a primary resection, while some
PRETEXT Il cases (n = 16) underwent primary resection under facility
judgment. The ages at surgery ranged from 0 to 141 months (median
33.5 months) including 18 males and 12 females. The remaining
PRETEXT Il cases (n = 76) received two courses of up-front chemother-
apy consisted of cisplatin 40 mg/m? on one day followed by pirarubicin
30 mg/m? on day 2 (low CITA regimen) and then underwent surgical
resection. Twelve cases with ruptured HB also underwent primary
resection, These tumors consisted of 6 PRETEXT I, 5 PRETEXT If and 1
PRETEXT I, with 2 patients having hepatic vain involvement and 2
pulmonary metastases.

In most cases, a central pathological review including microscopic
resectability was performed after resection. JPLT-1 91A and 91B for
early stage protocol consisted of 5 and 6 courses of postoperative low
CITA regimen, respectively. All JPLT-2 PRETEXT 1 or 2 patients also re-
ceived four courses of a postoperative low CITA regimen. For postope-
rative follow-up, serum AFP levels and abdominal ultrasound were
carried out monthly in all patients. Patients received an abdominal
contrast-enhanced CT scan or MRI once every 2-3 months in the first
2 years after surgery, and once every 6 months thereafter. Further
investigations were carried out when clinically indicated or when
tumor recurrence was suspected.

Complete resection was defined as resection of all tumor sites based
on surgical findings and postsurgical images. In the JPLT-1 and JPLT-2
protocols, surgical guideline did not set rules on the safety margin of pri-
mary resection. In this study, incomplete resection was defined in the
case whose margin was positive by histological examination. Overall
survival (OS) was defined as the period from the date of surgery until
death or last contact. Patients who did not experience an event were
censored on the date of their last contact. Event-free survival (EFS)
was defined as the period from the date of surgery until occurrence of
an event (recurrence, progressive disease, death, or diagnosis of a
second malignant neoplasm) or last contact, whichever occurred first.

The chi-square or Mann-Whitney U test was used to examine the
significance of the comparisons of clinicopathological factors and AFP
levels between the different groups. A log rank test was used to evaluate
survival rates. Statistical significance was defined as P < 0.05.

2. Results

In the JPLT-1 cchort, 18 primary resection cases were evaluated
retrospectively using the PRETEXT classification as 4 PRETEXT I and 14
PRETEXT II cases. Among them, 17 cases (94%) undergoing complete
resection. One incomplete resected case was aged 56 months with
a PRETEXT II tumor (segments 5-8) which was resected by
nonanatomical partial hepatectomy (NPH). The serum AFP level of
this case was 257 IU. This patient died as a consequence of the tumor
progression. Of the complete resection cases, 2 cases with partial
hepatectomy for segment 6 and 7 tumors relapsed (Table 1).

In the JPLT-2 cohort, 30 cases received primary resection at first. In
the 14 PRETEXT I cases, one case who had received a NPH had a recur-
rence of the tumor, although all cases survived disease-free. In the 16
PRETEXT Il cases who had received a primary resection, 10 had a lobec-
tomy, 4 a NPH, and 2 a segmentectomy (Table 1). Of these 16 cases, 15
had a microscopically complete resection, although 1 case (aged 1
month) underwent an NPH for segments 5-8 located in the tumor
and had an incomplete resection. One case (aged 16 months) who
underwent a right lobectomy for segments 5-8 located in a large
tumor with hepatic vein involvement (V1) had an operative death
owing to surgical complications. The remaining two NPH cases relapsed.

We compared the survival rates in the JPLT-1 cases between the
91A1 (TAC group) and 91A2 patients (primary resection group)
(Fig. 1). The 12 91A1 cases were evaluated retrospectively into 3
PRETEXT I and 9 PRETEXT Il cases, suggesting that there are no basic dif-
ferences between these two groups. The survival rates of these two
groups were similar. The primary resection cases did not have a worse
outcome compared with the up-front TAC cases. In the JPLT-2 cases,
all PRETEXT I cases survived despite one case relapsing. The event-free
survival (EFS) and overall survival (0OS) rates were 88.9% and 100%, re-
spectively for PRETEXT I cases, and 73.5% and 93.8%, respectively for
PRETEXT II primary resected cases (Fig. 2). In the JPLT-2 cohort, the
EFS and OS rates of the PRETEXT II patients with neither vascular in-
volvement nor metastasis who underwent preoperative chemotherapy
(n = 76) were 78.9% and 89.6%, respectively. The survival rates of the
primary resection and up-front chemotherapy cases were similar in
the PRETEXT II cases (Fig. 2). The complications by chemotherapy
were evaluated in JPLT-2 PRETEXT I or II survived patients who accom-
plished older than 5 years, 3 obvious healing loss, 5 growth retardation
and 1 secondary malignancy were detected in the up-front chemothe-
rapy patients, while only one healing loss was detected in the primary
resected cases.

We compared several clinical factors between the relapsed and
other cases in the primary resected cases (Fig. 3). Relapse occurred in
4 cases who underwent surgery when aged older than 3 years. The
mean AFP levels in the nonrelapse and relapse cases were 184,293
and 68,706 ng/ml, respectively. There is no significant difference
between these groups, but, 2 of 4 cases with a low AFP level

Table 1
Surgical procedures for initial primary resection.
Surgical procedure JPLT-1 JPLT-2
Ln=4 ILn=14 Ln=14 ILn=16
Nonanatomical partial hepatectomy (NPH) 2 6(3%) 5 4(1%)
Segmentectomy 2 2 6 2
Lobectomy 0 6 3 ) 10 (1%) 1€

Values in parentheses are relapse cases.
2 Local relapse.
b Relapse as pulmonary metastasis.

¢ Operative death by surgical complication (aged 16 months, right lobectomy for segments 5-8 tumor).



2100 E. Hiyama et al. / Journal of Pediatric Surgery 50 (2015) 2098-2101

Overall survival (0S)

JPLT91A2: Primary
resection {n = 18)

Wor———"1;___o33%

JPLT91AL:

Event-free survival (EFS)
(%) . (%)
JPLT91AZ: Primary

1007y resection {n = 18}
f 83%

80 S 80
IPLTO1AL: TAC [n =12)
60 1 TAC({n =12} 60 90/7
75%
40 40
20 20

10 20 30 40 50 60 70 80
(months)

d 1020304050607080
(months)

Fig. 1. Survival rates of the 91A protocol for stage 1 and 2 (retro-PRETEXT 1 and II) patients
in the JPLT-1 HB study. 91A1 patients (dotted line, n = 12) received one course of
intraarterial chemotherapy (TAC) before surgical resection, and the 91A2 patients (solid
line, n = 18) underwent initial primary surgery.

<1000 ng/ml relapsed. The AFP levels after surgery (approximately one
month after surgery) of relapsed cases were also similar to those of
nonrelapsed but those after protocol treatment remained significantly
higher in relapsed cases (mean 22 vs 3.6 ng/ml, P < 0.01). In the 30
PRETEXT 1l tumors, 16 had a lobectomy and 10 an NPH. Relapse oc-
curred in 1 and 4 of these cases, respectively. Recurrence was signifi-
cantly higher in the NPH cases (P < 0.05). One JPLT-1 case whose
PRETEXT Il tumor was resected by NPH was histologically evaluated as
incomplete resection owing to microscopically residue of tumor cell.
The AFP levels of this case were 257 ng/ml at diagnosis and remained
high after treatment. Consequently, this case died of local relapse. More-
over, 2 of the 3 V1 or P1 positive cases locally relapsed, indicating that a
sufficient surgical margin may be necessary for primary resections. Only
one relapse in the patients who underwent lobectomy was pulmonary
metastasis, suggesting that micrometastasis might have existed in
this case.

In the JPLT-2 cases, 12 cases who were diagnosed by a tumor rupture

had a primary resection in order to control intraperitoneal bleeding.

These cases underwent emergency surgery and involved three ad-
vanced cases with PRETEXT 11, hepatic vein involvement and/or pulmo-
nary metastasis, who are usually contraindication for initially resection
of primary tumor. The EFS rate of the ruptured cases who underwent
primary resection was worse than those cases with a primary resection
without rupture (P < 0.01) (Fig. 2).

Event-free Survival (EFS) Overall Survival {OS)

(%)  RETEXTH (%) PRETEXT! PRETEXTII,
100 (h=18)883% 100 (n=18)100%  (n=230)93.3%
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Fig. 2. Survival rates of the primary resection cases in the JPLT-2 HB study. The survival
rates of the PRETEXT I (thin solid line, n = 14) and PRETEXT II patients (thick solid line,
n = 16) were equivalent to the PRETEXT Il patients with no vascular involvement who re-
ceived up-front chemotherapy (thick dotted line, n = 76). The prognosis of the ruptured
cases (thick dotted line, n = 12) was significantly worse (P < 0.05).
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Fig. 3. Ages at surgery and serum AFP levels during treatment in primary resected cases.
Relapse occurred in 4 cases who underwent surgery aged older than 3 years, and 2 of
these cases with a low serum AFP level at diagnosis (<1000 ng/ml) relapsed. The AFP
levels after surgery were similar between relapsed cases and no relapsed cases, but 4 of
7 relapsed cases remained with high AFP levels after treatment (>10 ng/ml). diag:
diagnosis, surg: primary resection, and treat.: protocol treatment.

3. Discussion

Over the past two decades, multicenter cooperative study protocols
for the treatment of children with HB have been developed in Japan, the
United States, and Europe (SIOPEL study). The data of these studies have
resulted in improved outcomes for HB using a combination of surgical
resection and chemotherapy. Complete surgical resection is the most
important factor in the prognosis of HB. Therefore, the timing of surgical
resection should be considered in each case, with some patients with lo-
cated HB initially undergoing a primary resection. In this study we de-
termined the indications and guidelines for primary resection of HB.

Analysis of the JPLT-1 and JPLT-2 studies allowed the initial primary
resection for patients with early stage tumors to be examined. The sur-
vival curves of these patients were not worse than other early stage pa-
tients who underwent up-front chemotherapies. These results indicated
that primary resection was acceptable in PRETEXT I and I resectable
cases. However, there were some patients who relapsed or had unfavor-
able outcomes. Older patients and those with low serum AFP levels
(<1000 ng/ml) appeared to be at increased risk for relapse. Previous
studies on HB prognosis have also reported that the age at diagnosis
and low AFP levels are significant risk factors [9]. These results indicate
that these tumors may have different biological characteristics.

Relapse occurred significantly higher in cases who had undergone
nonanatomical partial hepatectomy (NPH) or incomplete resection.
These results indicate that primary resection at the time of diagnosis
should be performed using right or left anatomical lobectomy with
sufficient surgical margins even if NPH is easy to be performed for
complete resection. The surgical guidelines of the COG group showed
that primary resection at diagnosis is only acceptable in patients with
tumors where there is >1 c¢m radiographic margin at the middle
hepatic vein, retrohepatic IVC, and the portal bifurcation, whereas
trisegmentectomies and trisectorectomies are not permissible for pri-
mary resection at diagnosis [10]. Our results support these surgical
guidelines. However, microintrahepatic metastasis and micopulmonary
metastasis before surgery might be correlated with some relapses. The
cases who underwent primary resection should receive approximately
postoperative chemotherapy as well as close follow-up program.

The outcome of ruptured cases with primary resection had a poor
prognosis. Although such cases sometimes have vascular involvement
or distant metastasis, intraabdominal tumor dissemination may corre-
late with tumor progression. In oncologic emergency cases with
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intraperitoneal bleeding caused by tumor rupture, primary tumor re-
section is effective for controlling tumor bleeding. However, as a conse-
quence these patients have unfavorable outcomes, indicating that they
should be treated as a high risk group after resection.

In conclusion, this paper describes a retrospective analysis of HB
cases who had a primary resection at diagnosis, grouped as two JPLT
clinical study cohorts (JPLT-1 and 2). The outcome of these patients in-
dicated the effectiveness of primary resection at diagnosis in cases with
early stage HB and identified the following risk factors for relapse:
1) age at diagnosis >3 years old, 2) low serum AFP level at diagnosis
(<1000 ng/ml), 3) nonanatomical partial hepatectomy (NPH), 4) in-
complete resection, and 5) ruptured cases. An improved understanding
of these risk factors for primary resection at diagnosis affects prognosis
in patients with early stage HB. However, greater understanding of the
biological differences of resectable HB is necessary. Future clinical trials
should be performed on primary resection in resectable cases under
distinct surgical guidelines.
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Background. As a partner of total body irradiation (TBI) in
hematopoietic stem cell transplantation (HSCT) for pediatric acute
lymphoblastic leukemia (ALL), various cytotoxic agents are used, but
the optimal combination is still unclear. Procedure. We retrospec-
tively analyzed 767 children who received TBI-based myeloablative
allogeneic HSCT in complete remission (CR), using nationwide
registry data of the Japan Society for Hematopoietic Cell Transplan-
tation. Combinations of chemotherapy were categorized as follows:
cyclophosphamide (CY) (n=74), melphalan (L-PAM) (n=139),
CY + etoposide (VP16) (n=408), CY + cytarabine (AraC) (n=73),
and others (n =73). Results. Event-free survival (EFS) at 5 years after
HSCT was 62.2% for CY, 71.4% for L-PAM, 67.6% for CY + VP16,
52.6% for CY + AraC, and 59.1% for others (P=0.009). Further

Key words:

acute Iymphoblastlc leukemia; chemotherapeutic agents; conditioning regimen; stem cell transplantation;
total body irradiation

detailed comparison of LFAM and CY + VP16 demonstrated superior
EFS for LPAM (83.26.7%), with a marked difference compared
with CY + VP16 (66.7 £ 4.9%) when {imited to HSCT from a matched
related donor (MRD), and this result was reproduced regardless of
disease status (CR1 or CR2). However, EFS for CY+ VP16
(68.3+£2.8%) was comparable to that for LPAM (64.5£5.7%,
P=0.37) in HSCT from alternative donors, because higher non-
relapse mortality attenuated the advantage of LPAM. Conclusions.
For pediatric ALL in remission, LPAM could provide superior EFS for
HSCT from MRD; however, compared to LPAM, CY + VP16 has
similar EFS for HSCT from an alternative donor. Pediatr Blood Cancer
2015;62:1844-1850. © 2015 Wiley Periodicals, Inc.

INTRODUCTION

The survival rate of pediatric acute lymphoblastic leukemia
(ALL) has dramatically improved to 80%-90% in recent clinical
trials,[1] but allogeneic hematopoietic stem cell transplantation
(HSCT) is still indicated for a certain proportion of high-risk or
relapsed ALL in children.[2—4] A total body irradiation (TBI)-
based myeloablative regimen is generally considered as a standard
regimen for ALL in children, except infants, because busulfan (BU)
had an inferior survival outcome compared with TBI in HSCT for
pediatric ALL.[S] To enhance the immunosuppressive and
cytotoxic effects of TBI, a chemotherapeutic agent is usually
also applied, and TBI and cyclophosphamide (CY) is the classic
combination in allogeneic HSCT,[6] and is still considered as one of
the standard regimens. However, the outcome of HSCT with TBI
and CY for pediatric ALL had been unsatisfactory mainly due to
relapse,[2-4,7] even when performed in complete remission (CR).
Consequently, several investigators have attempted to add other
agents to TBI-CY, or exchange CY for other cytotoxic agents.

Some reports showed that the addition of etoposide (VP16) or its
replacement of CY could improve the survival rate by reducing the
relapse rate,[8] as in adult ALL;[9] but there have been some studies
with inconsistent results, mainly because of increased toxicity.
[10,11] Other studies adopted cytarabine (AraC),[12] melphalan
(L-PAM),[13] or thiotepa[14] in an attempt to improve the outcome
of TBI-based HSCT for pediatric ALL. However, the numbers of
patients included in these studies were limited, with varying disease
status, conditioning regimens, and stem cell sources, and the
optimal partner of TBI in myeloablative conditioning for pediatric
ALL has yet to be established. Thus, the recommended or most
frequently used conditioning regimens in recent clinical trials for
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pediatric ALL are not uniform, and include TBI-VP16,[3,15] TBI-
© CY,[16,17] and TBI-CY-AraC.[18]

In this study, we retrospectively analyzed HSCT for pediatric ALL
with myeloablative TBI conditioning based on nationwide registry
data of the Japan Society for Hematopoietic Cell Transplantation
(JSHCT) in order to obtain fundamental information for establishing a
standard conditioning regimen for children with ALL.

PATIENTS AND METHODS

This study was approved by the Institutional Ethics Committee
of the University of Tokyo Hospital. A total of 767 patients were
analyzed based on data reported to the JSHCT registry.[19] The
patients were selected according to the following criteria: (i)
patients diagnosed with ALL; (ii) aged 15 years or younger when
receiving HSCT; (iii) allogeneic HSCT performed in first or second
complete remission (CR1 or CR2); (iv) 12 Gy of TBI-based
myeloablative conditioning;[20] (v) no prior HSCT; and (vi) HSCT
performed between 2000 and 2012. Thirteen patients were excluded
from this study due to insufficient data related to relapse date.

Mismatched donor was defined as one or more serological
mismatch of six HLA antigens (A, B, and DR). The overall survival
(OS) probability was calculated using Kaplan—-Meier estimates. The
duration of event-free survival (EFS) was defined as the time from

HSCT to either treatment failure (relapse, death, or the diagnosis of.

TABLE 1. Patient and Transplantation Characteristics
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secondary cancer) or the last day of observation when confirmed to
be alive. Cumulative incidence curves were used in a competing-
risk setting to calculate the probability of engraftment, graft-versus-
host disease (GVHD), and non-relapse mortality (NRM). Univari-
ate analyses of EFS were performed using the log-rank test, and
Gray’s test was used for group comparisons of cumulative
incidences. Multivariate analysis was performed using the Cox
proportional-hazard regression model, and the factors with P < 0.2
by the univariate analysis were entered into the multivariate
analysis.

All statistical analyses were performed using EZR software.[21]
A two-sided P-value of less than 0.05 was considered to be
significant.

RESULTS

Patients

The characteristics of the 767 patients and transplantation are
listed in Table I. The median age at HSCT was 9 years. The median
follow-up period of surviving patients after HSCT was 5.1 years. Of
the 767 patients, 500 received HSCT at CR1 and 383 at CR2.
Chemotherapeutic agents with TBI were classified as CY (n=74),
L-PAM (n = 139), CY + VP16 (n = 408), CY +AraC (n="73), and
others (n=73). Among the “Other” group, the combinations

Chemotherapeutic agents

Characteristics All (%) CY (%) L-PAM (%) CY+VP16 (%) CY + AraC (%) Other (%) P

All patients 767 (100) 74 (100) 139 (100) 408 (100) 73 (100) 73 (100)

Age at HSCT 0.06
<10 427 (55.7) 32 (43.2) 72 (51.8) 242 (59.3) 44 (60.3) 37 (50.7)
>10 340 (44.3) 42 (56.8) 67 (48.2) 166 (40.7) 29 (39.7) 36 (49.3)

Immunophenotype A 0.40
Non-T lineage 597 (77.8) 60 (81.1) 109 (78.4) 307 (75.2) 62 (84.9) 59 (80.8)

T-lineage 158 (20.6) 14 (18.9) 28 (20.1) 93 (22.8) 10 (13.7) 13 (17.8)
Unknown 12 (1.6) 0 (0.0) 2014 8 (2.9 114 114

Cytogenetics <0.01

Low risk 47 (6.1) 6 (8.1) 10 (7.2) 24 (5.9) 2R7 5 (6.8)
Hyperdiploid 32 5 6 16 1 4
t(12;21) 15 1 4 8 1 1
Intermediate risk 531 (69.2) 62 (83.8) 113 (81.3) 254 (62.3) 61 (83.6) 41 (56.2)
t(1;19) 16 1 2 9 3 1
Normal 324 41 71 140 48 24
Other abnormality 191 20 40 105 10 16
High risk 189 (24.6) 6 (8.1) 16 (11.5) 130 (31.9) 10 (13.7) 27 (37.0)
t(9;22) 129 4 9 90 7 19
MLL rearrangement 49 0 4 37 3 5
Hypodiploid 11 2 3 3 0 3

Disease status at HSCT <0.01
CR1 435 (56.7) 41 (55.4) 58 (41.7) 270 (66.2) 24 (32.9) 41 (56.2)

CR2 332 (43.3) 33 (44.6) 81 (58.3) 138 (33.8) 49 (67.1) 32 (43.8)

Stem cell source <0.01
Matched related donor 208 (27.1) 22 (29.7) 50 (36.0) 101 (26.5) 20 27.4) 15 (20.5)
Mismatched related donor 87 (11.3) 8 (10.8) 14 (10.1) 39 (9.6) 11 (15.1) 15 (20.5)

Unrelated donor 291 (37.9) 32 (43.2) 52 (37.4) 168 (41.2) 21 (28.8) 18 (24.7)
Cord blood 181 (23.6) 12 (16.2) 23 (16.5) 100 (24.5) 21 (28.8) 25 (34.2)

P-value calculated by Fisher’s exact test for independence of each categorical data. CR, complete remission; HSCT, hematopoietic stem cell
transplantation; CY, cyclophosphamide; L-PAM, melphalan; VP16, etoposide.
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included were L-PAM + VP16 (n=38), CY +FLU (n=15), and
FLU only (n=13).

Most cases of HSCT with CY used 120 mg/kg (or 3600 mg/m?)
CY, as in 487 (94.2%) of 517 HSCT with CY or CY + VP16. With
VP16, 60 mg/kg (or 1800 mg/m?) and 30 mg/kg (900 mg/m>) doses
were used in 307 (71.7%) and 39 (9.1%), respectively, of 428 HSCT
with CY + VP16. In the L-PAM group (n=139), 180 mg/m? of
L-PAM was used in 73 (52.5%) HSCT, whereas 200 mg/m? or more
was used in 45 (32.4%) HSCT. Detailed information regarding the
distributions of CY, L-PAM, and VP16 is shown in Supplementary
Figure 1.

Outcomes of HSCT

The association between outcome and clinical characteristics is
shown in Table II. The estimated EFS and OS probabilities + standard
error after HSCT were 65.5+1.8% and 68.6 & 1.8%, respectively,
at 5 years. The cumulative incidence of relapse at 5 years was
22.2+ 1.6%, whereas that of NRM at 5 years was 11.9 £ 1.2%. Not
surprisingly, the EFS of HSCT in CR1 (82.3 & 2.0%) was better than
thatin CR2 (67.1 £2.9%) (P = 0.009). Of note, HSCT from an HLA-
matched related donor had the lowest NRM incidence (6.9 £+ 1.9%)
(P =0.003). Age, immunophenotype, and cytogenetic risk were not
associated with survival.

Outcomes according to chemotherapeutic agent combination are
shown in Figure 1. CY + VP16 and L-PAM provided better EFS
than CY, CY +AraC, and others (P =0.009, Fig. 1A). Compared
with CY, CY + VP16 suppressed the relapse rate (23.4+2.2% vs.

TABLE IL. Outcome of HSCT

30.5+5.5%) with an insignificant increase in the risk of NRM
(9.04:32% vs. 7.3+3.2%). On the other hand, L-PAM was
associated with the lowest relapse risk (14.6+3.1%), but the
increased risk of NRM (14.0£3.1%) weakened the survival
advantage. The group of “others” failed to exhibit improved outcome
compared to CY, owing to the high incidence of NRM (23.9 + 5.1%).
L-PAM dose in the L-PAM group (i.e., TBI+ L-PAM) was not
significantly correlated with EFS: 68.2 % 13.44% for 150 mg/m? or
less (n=14), 74.6+5.8% for 151-199mg/m*> (n=71), and
65.7£7.8% for 200 mg/m2 or more (n=40) (P =0.38).

Engraftment probabilities at day 60 after HSCT were similar in
each group: 97.3+£2.1% for CY, 964+1.6% for L-PAM,
97.1+09% for CY+ VP16, 95.9+2.6% for CY+AraC, and
93.1+3.1% for others. Acute GVHD incidence at day 100 after
HSCT was also not associated with chemotherapeutic agents, and
the incidence of acute GVHD (grade II-IV) was 37.0 +5.7% for
CY, 423+42% for L-PAM, 4244+25% for CY+ VP16,
38.4+5.7%, and 45.2 + 5.9% for others (P =0.20).

Multivariate analysis showed that HSCT at CR1 independently
had a better effect EFS. The hazard ratio for events was smallest in
L-PAM, although it did not reach statistical significance (Table III).

Comparison of L-PAM and CY + VP16 in HSCT From a
Matched Related Donor

As L-PAM and CY + VP16 were considered as potentially
optimal preparative agents to be combined with TBI, we performed
further analysis focusing on a comparison of the two groups. To

Characteristics n CI of relapse (at 5 years) CI of NRM (at 5 years) P EFS (at 5 years) P
All patients 767 22.2+1.6 11.9+1.2 65.5+1.8
Age at HSCT 0.16 0.03 0.77
<10 427 23.9+2.1 9.9+1.5 66.2+2.3
>10 340 20.2+42.4 15.5+2.1 64.3+2.8
Immunophenotype 0.16 0.42 0.56
non-T 597 23.5+1.8 11.6£1.3 64.9+2.0
T 158 16.7£3.1 15.1+£3.0 68.2+3.9
Disease status at HSCT <0.001 0.02 <0.001
CR1 435 16.6+1.8 10.0+1.5 734422
CR2 332 29.34£2.6 15.44+2.0 552429
Cytogenetic risk' 0.91 0.10 0.51
Low 47 26.9+6.8 10.94+4.7 62.1+7.3
Intermediate 531 21.1+1.8 13.9+1.6 65.0+£2.2
High 189 24,1434 8.1+2.0 67.8+3.6
Stem cell source 0.33 0.003 0.13
Matched related donor 208 26.4+3.2 6.9+1.9 66.8+3.5
Mismatched related donor 87 20.2+4.4 14.0+3.8 65.8+5.1
Unrelated donor 291 17.8+2.3 14.5+2.1 67.8+2.9
Cord blood 181 252434 -14.54+2.6 60.3+3.8
Chemotherapeutic agents 0.003 0.15 0.009
CcYy 74 30.5+5.5 7.34+3.2 62.2+5.8
L-PAM 139 14.6+£3.1 14.0+3.1 71.444.1
CY+VP16 408 234422 9. £32 67.6+2.4
CY + AraC 73 26.4+5.2 21.0+4.9 52.6+5.9
Other 73 17.0+4.9 239451 59.14+6.1

'Low risk includes hyperdiploid and t(12;21); high risk includes hypodiploid, MLL rearrangement, and t(9;22). Other cytogenetic statuses are
categorized as intermediate risk. P-values were calculated for the null hypothesis of equal hazard ratio or survival curves using Gray’s test for CI of
relapse and NRM, and log-rank test for EFS. CI, cumulative incidence; NRM, non-relapse mortality; OS, overall survival; CR, complete remission.
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