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The prognosis of patients with acute promyelocytic leukaemia
(APL), a distinct subtype of acute myeloid leukaemia (AML)
(Grignani et al, 1994), has been improved dramatically by the
introduction of differentiation induction therapy with all-trans
retinoic acid (ATRA) (Fenaux ef al,1999; Tallman et al, 2002;
Sanz et al, 2004). However, recent clinical trials with ATRA
and anthracycline-based chemotherapy found that recurrent
disease posed a major problem, especially for high-risk
patients. (Sanz et al, 2000, 2009).

Childhood APL, which consists of only 7-10% of all
patients, is often associated with risk factors such as hyper-
leucocytosis (Guglielmi et a,1998; Mann et al, 2001); however,
few studies of paediatric patients have specifically examined its
long-term prognosis. In those studies, the complete remission
(CR) and overall survival (OS) rates have been improved to
>80%, but event-free survival (EFS) remains at around
70-80% because of increased cumulative incidence of relapse
(CIR). (de Botton et al, 2004; Ortega et al, 2005; Testi et al,
2005) In addition to frequent relapse in the bone martow,
extramedullary (EM) relapse involving mostly the central
nervous system (CNS) occurs at incidence of 1~5%. (Ko et al,
1999; de Botton et al, 2006; Chow & Feusner, 2009) The
therapeutic effectiveness of cytarabine added to anthracycline-
based consolidation therapy has been reported for high-risk
adult patients(Adés ef al, 2006, 2008), but the efficacy of
cytarabine in addition to the combination of ATRA and
anthracyclines in consolidation remains unknown for paedi-
atric patients.

More recently, there has been increasing concern regard-
ing long-term adverse effects, including cardiotoxicity and
secondary malignancy, for children with leukaemia. The
cumulative dosage of anthracyclines may be related to the risk
of late cardiotoxicity as well as therapy-related myelodysplastic
syndrome (t-MDS)/AML for childhood malignancies (Nysom
et al,1998; Le Deley et al, 2003). Although such effects of
anthracyclines are yet undetermined for APL, the cumulative
dosage of anthracyclines may be an important perspective of
the long-term prognosis of children with APL.

This report describes the outcome of a prospective study for
childhood APL, AML99-M3, in which patients received
therapy with cytarabine in addition to ATRA and anthra-
cyclines. The improved outcome of this study suggests that the
combination of cytarabine, ATRA and anthracyclines may have
useful implications in the perspective of long-term prognosis
and late adverse effects for childhood APL.

Patients and methods

Patients

Between August 1997 and March 2004, 58 children with
de novo APL (31 males and 27 females; median age of 11 years
[range:11 months — 16 years] were enrolled in the AM199-M3
study of the Japanese Childhood AML Cooperative Study
Group, and a follow-up survey was performed in May 2010

(Table I). Three patients with APL were not recruited to this
study: two had already started amother chemotherapeutic
regimen for AML when APL was diagnosed; the other died of
intracranial haemorrhage (ICH) at diagnosis. The relevant
institutional review board approved the protocol. Written
informed : consent was obtained from the parents of all
patients. APL was diagnosed according to the French-Amer-
ican—British (FAB) criteria (Bennett ef al, 1982); the involve-
ment of t(15;17) translocation was examined cytogenetically.
APL patients with t(15;17) translocation or PML-RARA
chimaeric gene confirmed through examinations with fluores-
cence in situ hybridization (FISH) or reverse transcription—
polymerase chain reaction (RT-PCR) were registered to this
study.

Treatment protocol

In remission induction therapy, ATRA was initiated (45 mg/
m’ until CR) and then daunorubicin (45 mg/m® per d, days
6-8) and cytarabine (200 mg/m’, days 6-12) were added

(Fig 1). For patients with a white blood cell (WBC) count

>10 x 10°/1 at diagnosis or after the initiation of ATRA
therapy, chemotherapy was started before day 6. Consolidation

Table 1. Characteristics of patients with APL (N = 58).

Characteristics Median Range No. (%)
Age, years 11 0916
<5 ‘ 9 (16)
5t0 10 ) 14 (24)
>10 35 (60)
Sex
Male 31 (53)
Female 27:(47)
WBC, x10°/1 43 0-7-171
<10 36 (62)
210 22 (38)
Haemoglobin, g/l 91 37-131
<10 44 (76)
210 14 (24)
Platelets, x10°/1 23 5-233
<40 48 (83)
240 10 (17)
FAB subtype
Typical 53 (91)
Variant 5(9)
Cytogenetics
t(15;17) 47 (81)
t(15;17) + others 9 (18)
Normal 1(2)
Unknown 1(2)
PML-RARA
Examined 47 (81)
Long isoform (berl) 21
Short isoform (ber3) 8
ber not determined 18
Not examined 11 (19)
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Fig 1. Scheme of AML99-M3 protocol. In remission induction, oral administration of ATRA (45 mg/m’® per d) was combined with daunorubicin
(D) (45 mg/m®) and cytarabine (C) (200 mg/m®). In consolidation, administration of ATRA (45 mg/m® per d for 7 d) was combined with
mitoxantrone (M) (10 mg/m”® per d, day 1) and high-dose cytarabine (HC) (3 g/m® x 2/d, days 1-3) in Block 1, with pirarubicin (P) (45 mg/m* per
d, day 1) and cytaratibine (C) (200 mg/m" per d, days 1-5) in Block 2, and with aclarubicin (A) (30 mg/mz per d, days 1-3) and high-dose cytarabine
(HC) (3 g/m? per d, days 1-5) in Block 3. For CNS prophylaxis, intrathecal injection (A) of methotrexate, cyatarbine and hydrocortisone at day 1 of
every consolidation block in age-adjusted doses as described in Methods. In maintenance therapy, ATRA (45 mg/m? per d, days 1-15) was

administrated every 3 months for 1 year,

therapy consisted of six courses of block treatment (Blocks 1, 2
and 3), in which each block was performed every month and
the same block was repeated serially twice. In respective blocks,
chemotherapy with cytarabine and each of the different
anthracycline agents was administrated respectively and then
ATRA (45 mg/m’ per d, 7 d) was administrated consecutively.
Block 1 consisted of mitoxantrone (10 mg/m? per d x day 1)
and cytarabine (3 g/m? x 2/d x days 1-3), Block 2 of piraru-
bicin (45 mg/m® per d X day 1) and cytarabine (200 mg/m®
per d x days 1-5), and Block 3 of aclarubicin (30 mg/m? per
d x days 1-3) and cytarabine (3 g/m® per d x days 1-5). On
the first day of each consolidation block, patients received
intrathecal (IT) therapy with methotrexate (3 mg for
<3 months; 6 mg for 3 months to <1 year; 75 mg for 1 year;
10 mg for 2 years; 125 mg for 3 years or older), cytarabine
(6 mg for <3 months; 12 mg for 3 months to <1 year; 15 mg
for 1 year; 20 mg for 2 years; 25 mg for 3 years or older) and
hydrocortisone (10 mg for <3 months; 10 mg for 3 months to
<1 year; 15 mg for 1 year; 20 mg for 2 years; 25 mg for 3 years
or older). In maintenance therapy, ATRA alone (45 mg/m’ per
d) for 15 consecutive days was given every 3 months, for a
total of four times during 1 year.

Adverse effects

Retinoic acid (RA) syndrome was diagnosed based on clinical
signs, including fever, respiratory distress, pulmonary infiltra-
tion, pleural and pericardial effusion and remal failure.

(Ko etal, 1999) When RA syndrome was diagnosed or
strongly suspected, ATRA therapy was stopped and the
patients received administration of dexamethasone (8 mg/m?
per d, iv. in two doses) unless they clinically improved.
Disseminated intravascular coagulopathy (DIC), bacterial
infections, and other adverse effects were summarized in each
phase of treatment. Long-term adverse effects, including
cardiotoxicity and secondary malignancy, were surveyed
through followe-up analysis. For evaluation of the potential
risk of cardiotoxicity, cumulative doses of anthracyclines were
converted to equivalent doses of daunorubicin using ratios in
1:3~1:5 for idarubicin/mitoxantrone, 1:16 for pirarubicin, and
1:0-2 for aclarubicin (Warrell, 1986; Lenk et al, 1990; Sakata-
Yanagimoto et al, 2004).

Minimal residual disease (MRD) monitoring

For MDR monitoring, the PML-RARA chimaeric mRNA in
marrow samples was detected using RT-PCR as described
(Suzuki et al, 2001). Serial evaluation of MRD monitoring was
performed every 3 months for 17 patients whose bone marrow
samples were sent to the reference laboratory.

Statistical analysis

The OS and EFS were calculated from the beginning date of
induction therapy to the date of events; failure to achieve CR,
relapse or death of any cause. The OS and EFS were analyzed
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using the Kaplan-Meier method. Statistical analyses used the
Statistical Package for the Social Sciences (spss) software,
version 16 (SPSS Japan Inc., Tokyo, Japan), estimated by the
log-rank test and considered to be significant when a P value is
<0-05. For patients who achieved CR, cumulative incidence
functions of relapse as well as death without relapse were
calculated using the competing risk method with the omprsk
software package (http://biowww.dfci.harvard.edu/~gray),
ver.2.1-5 on R ver.2.10.1.

Results

Patient characteristics

The median follow-up period of 58 patients was 86 months
(range: 16 d-12-1 years) (Table I). The median age of
patients was 11 years (range: 11 months-16 years); 35
(60%) patients were over 10 years old; 31 patients were
male and 27 were female. The WBC counts at diagnosis were
0:9-171 x 10%/1 (median: 43 x 10%/l) and 22 patients (38%)
had WBC counts >10 x 10°/L. The proportion of these high-
risk patients was comparable to that (35-48%) reported by
other studies for childhood APL (de Botton etal, 2004;
Ortega et al 2005; Testi ef al, 2005). Haemoglobin levels
were 37-131 g/l (median: 91 g/l). Platelet counts were
5-233 x 10°/l (median: 23 x 10°%1) and 48 patients (83%)
had a platelet count <40 x 10°/l at diagnosis. Haematological
examination identified FAB:M3 morphology in 53 patients
and five others exhibited the microgranular FAB: M3v
morphology. No patient showed leukaemic infiltration in
the cerebrospinal fluid obtained by lumbar puncture per-
formed for CNS prophylaxis at the beginning of consolida-
tion therapy.

Cytogenetic examination revealed that 47 patients had
t(15517) translocation abnormality alone, nine had ¢(15;17)
with additional chromosomal abnormalities, one with normal
karyotype, and one with no result. In the latter two patients,
the involvement of PML-RARA chimaeric gene was confirmed
using RT-PCR. Examinations for PML-RARA were performed
in 47 patients. RT-PCR detected PML-RARA in 29 patients, 21
of whom showed the long type (bcrl) isoform; eight showed
the short type (bcr3) isoform. Eighteen patients had PML-
RARA detected by FISH analysis without differentiation of the
isoform types. No patient had ATRA-insensitive fusion genes,
such as the ZBTB16-RARA caused by ‘the t(11;17) chromo-
somal translocation.

Clinical course and statistical analysis

In induction therapy, two patients (3-4%) died from ICH and
pulmonary bleeding after 16 and 24 d respectively. CR was
achieved in 56 patients (966%), two of whom exhibited
relapse at bone marrow; one relapsed at 15 months and died of
ICH, the other relapsed at 19 months and remains in second
CR after treatment with marrow transplantation. For patients

who achieved CR, the period of ATRA administration in
induction was a median of 29 d (range 14-60 d), during which
13 patients temporarily discontinued the administration of
ATRA for a median 4 d (range 1-31 d). Overall, four patients
died: two of DIC with haemorrhage during induction, one of
sepsis and meningitis in remission, and one of ICH after
relapse. Consequently, the OS and EFS rates at 7 years were
respectively, 93-1% (95% confidence interval [CI], 86-5-
997%) and 91-4% (95% CI, 84-0-98-4%) (Fig24). No
significant difference was found in the OS and EFS rates
between patients with or without haematological risk factors,
such as WBC count >10 x 10%/1 or platelet count <40 x 10°/L.
(Sanz et al, 2000) (Figs 2B, C) The CIR was 36% (95%Cl:
0-8:5%) at 7 years, while the cumulative incidence of death
without relapse, one of the competing events, was 1-8%
{95%Cl: 0~5-3%) at 7 years (Fig 2D).

Adbverse effects and events

Table II presents the incidence of adverse effects and the
duration of neutropenia. In induction therapy, DIC was
observed in 10 patients (17%) and four of these patients (7%)
showed haemorrhagic complications including retinal haem-
orrhage in two patients and ICH and/or pulmonary haemor-
thages in the other two who died. RA syndrome, which
occurred in 7% of cases, was resolved with cessation of ATRA
and administration of dexamethasone, the incidence of which
was comparable to those (7~19%) reported by other studies of
childhood APL (de Botton et al, 2004; Ortega ef al 2005; Testi
et al, 2005).

Bacterial infection was the major adverse effect in induction
and consolidation, and sepsis with documented microbes was
determined at a higher incidence during consolidation than
induction. Although one patient died in remission of pseudo-
monas sepsis and meningitis after Block 2 consolidation, all
other patients recovered from sepsis with treatment. A
proportional relationship was apparent between the periods
of neutropenia (<01 x 10°/1) and the incidence of whole
infections at any sites, including gingivitis, stomatitis, bron-
chopneumonia, enteritis, or cellulites during neutropenia, and
herpes zoster only in maintenance. Other complications
included impaired consciousness or convulsion associated
with pseudotumour cerebri and aclarubicin-related dysuria in
consolidation Block 3. Severe headache/nausea associated with
ATRA therapy was experienced at an incidence of 8~22%
throughout treatment.

Table I shows the characteristics of five patients with early
death or relapse, two of whom exhibited at least one of the
following: WBC count >10 x 10°/l, M3v morphology, PML-
RARA ber3 isoform. The proportion of these patients was not
significantly different from that of the whole population of 58
patients. Because of adverse effects, Block 3 consolidation was
omitted or reduced in dosage at the physician’s discretion in
five patients, including two with WBC count >10 x 10°/l, of
whom all remained in remission for 4-9-8-9 years.
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Fig 2. Analysis of the rates of OS, EFS and cumulative incidence functions of CIR and death without relapse in patients treated with the AML99-M3
protocol. (A) OS and EFS rates of total patients; (B) EES rates of patients with WBC count > 10 x 10°/1 or <10 X 10° at diagnosis; (C) EFS rates of
patients with a platelet (PLT) count <40 X 10%/1 or >40 x 10%/1 at diagnosis. No significant difference was found in the EFS rates of patients with and
without these risk factors. (D) the cumulative incidence functions of CIR (solid line) and death without relapse (dotted line). [Correction added on 1
October 2010, after first online publication: The data in Figure 2B was amended.]

Table I Incidence of adverse effects and periods of neutropenia.

Consolidation
Induction Block 1 Block 2 Block 3 Maintenance
No of assessed patients 55 54 54 53 49
Deterioration of DIC with serious haemorrhages, % 72 0 0 0 0
Sepsis, % 18 92 109 56 0
Infection of any site, % 108 145 148 159 10:2
RA syndrome, % 7 0 0 0 0
Consciousness impairment and/or convulsion, % 36 18 0 0 0
Severe headache or nausea, % 236 1111 129 132 81
Dysuria, % 0 0 0 37 0
Duration of ANC < 05, days 17:2 143 161 1611 0
Duration of ANC < 01, days 63 10 103 109 0

DIC, disseminated intravascular coagulopathy, RA syndrome, retinoic acid syndrome; ANC, absolute neutrophil count, x10%/L

In the evaluation of late cardiotoxicity, echocardiography
and electrocardiogram were performed in 18 patients, of
whom one patient showed asymptomatic prolongation of the
QTc interval in the electrocardiogram. Except for this
patient, no clinical symptoms of late cardiotoxicity was seen
in other patients including those who did not receive

examinations. As of May 2010, no patient had developed
t-MDS/AML.

MRD monitoring

In 17 patients, including six with WBC count > 10 x 107/,
MRD monitoring was performed at the initial onset and
subsequently every 3 months; the monitoring period was an
average of 13-6 months. As a result, MRD levels became
undetectable (lower than 107°~10"*) after consolidation Block
1 in 16 patients (94%) and another PCR-positive patient
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Table III. Characteristics of patients with early death or relapse.

Age

Patients (years) Sex WBC

PLT PT APIT Fibrinogen D-dimer

FAB

Breakpaint of
PML-RARA

Clinical course

Outcome

1 15 M 12 55 125 286 065

2 4 F 1710 28 147 259 102

624 4
21 39

146
110

304 079
271 1-00

145 269 1110

65 300

6200

17 400
35 000

M3

M3v

M3v

bert

ber3

ne,
n.e.

ICHat 15d in
induction

BM relapse at
15 months in
maintenance and
then BMT in
2CR

ICHat2d

Pseudomonas

Death at 24 d

Alive at 83 months

Death at 16d
Death at 5 months

6500 M3 ne.

sepsis and
meningitis after
four courses of
consolidation
BM relapse at
19 months and
then ICH during
subsequent
treatment

Death at 24 months

WBC, white blood cell count (xlo"ll); PLT, platelet count (x10°/1); PT, prothrombin time (s); APTT, activated partial thromboplastin time (s)
Fibrinogen, mg/dl; D-dimer, pg/ml. FAB, French-American-British classification; ICH, intracranial haemorrhage; BM, bone marrow; BMT, bone

marrow transplantation; 2CR, 2nd complete remission; n.e., not evaluated.

became:PCR-negative after 6 months of therapy. No patient

that was monitored for MRD exhibited re-conversion to PCR-"

positivity.

Discussion

APL with the PML-RARA chimaeric gene is more homogenous
than other types of AML and, for infrequent childhood APL,
therapy has been often considered together with that of adult
patients. However, for paediatric patients, who typically have
physiological differences from adults, it has not been thor-
oughly understood whether the combination of cytarabine
with ATRA and anthracyclines would be effective in terms of
long-term prognosis.

As shown in Table IV, recent clinical studies of childhood
APL, in which patients were enrolled from the mid-1990s to
the early 2000s and followed up for median periods of
36 months or longer, were compared to our study (de Botton
et al, 2004; Ortega et al, 2005; Testi et al, 2005). In all of these
studies, induction therapy with administration of ATRA and
anthracyclines with or without cytarabine achieved CR rates at
>90% and incidence of early death at <10% respectively. In the
state-of-the-art treatment guidelines (Sanz et al, 2009), anth-
racyclines should start together with ATRA (or as soon as
possible) in high-risk patients. Regarding drug dosages and
clinical parameters, the adjusted cumulative dosage of anth-
racyclines of our study (375-415 mg/m?) was lower than other
studies (390750 mg/mz), while that of cytarabine varied to a

large extent among studies. Regarding long-term  survival,
other three studies presented EFS rates of 71-82% despite OS
rates at around 90%, whereas our study achieved a 7-year EFS
of 91-4% (Table 1V). Accordingly, the 7-year CIR of our study
(3-6%) was lower than reported by other studies (15:6-27%)
(Table 1V). Moreover, none of our patients suffered EM
relapse, whereas the other studies reported five patients with
EM relapse (skin, middle ear or CNS; Table IV). In our study,
one patient exhibited asymptomatic prolongation of QTc
interval, which may be associated with late effects of anthra-
cyclines. One other study (Testi et al, 2005) reported that two
patients developed t-MDS after 36 and 80 months from
diagnosis.

In post-remission therapy studies including chemotherapy-
based consolidation without ATRA, recurrent disease might
develop late in the course, such as seven clinical relapses that
occurred over 4-36 months in the APL93 study (de Botton
et al, 2004) or 14 haematological and five molecular relapses at
the median of 26 and 31 months respectively, in the AIDA
(ATRA and idarubicin) study (Testi ef al, 2005). The PET-
HEMA {Programa para el Estudio y Tratamiento de las
Hemopatias Maligna) group reinforced the consolidation
therapy of LPA96 study with single anthracycline agent by
adding ATRA and increased dosage of idarubicin for inter-
mediate and high-risk patients (LAP99 study). (Ortega et al,
2005) These reports indicated that addition of ATRA to
anthracycline-based consolidation therapy improved the prog-
nosis of APL patients, especially those with risk factors,
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Table IV. Comparison of AML99-M3 with recent studies on childhood APL.

Reports de Botton et al Testi et al Ortega ¢t al Imaizumi et al
Protocol APL93 AIDA LPA96/LPA9S AML99-M3
Year 2004 2005 2005 This study
Period of enrollment 1993--1998 1993-2000 1996--2004 1997-2004
Median follow-up time 67 months 79 months 38 months 86 months
No. of patients 31 110 66 58
Proportion of patients with 48% 35% 39% 38%
WBC 210 % 10%1
Therapy
Induction 1) ATRA - DNR + CA* ATRA + IDA ATRA + IDA ATRA + DNR + CA
2) ATRA+DNR + CA*
Consolidation 1) DNR + CA 1) IDA + HCA 1) IDA + ATRA} 1) ATR + MIT + HCA$
2) DNR + HCA 2) MIT + VP-16 2) MIT + ATRA} 2) ATRA + THP + CAt
3)IDA + CA + 6TG  3) IDA + ATRA} 3) ATRA + ACM + HCA{
Maintenance (~) or ATRA £ MP/MTXS  ATRA or MP/MTX$§ ATRA + MP/MTX ATRA alone
Dosage of anthracyclines DNR (495) IDA (80), MIT (50) IDA (80-100), MIT (50) DNR(135), MIT(20),
(mg/m®) THP(90), ACM(180)
Anthracycline dosage 495 390-650 390-750 375-415
converted to DNR
(mg/m®)T
Cumulative dosage of 10800 6250 0 68000
cytarabine (mg/m?)
Cumulative dosage of 13506750 750-6150 3750-4875 5940
ATRA (mg/m?)
Incidence of headache/ 39/16 13/9 30/6 24/5
pseudotumour cerebri
(%)
Clinical outcome
Early death (%) 3 36 75 34
CR rate (%) 97 96 92 96'6
CIR (%) 27 (5 years) NA 17 (5 years) 36 (7 years)
Extramedullary relapse 1 (skin) 2 (middle ear) 2 (CNS) 0
(sites)
Qverall survival rate (%) 90 (5 years) 89 (10 years) 87 (5 years) 93-1 (7 years)
Event-free survival rate 71 (5 years) 76 (10 years) 82 (5 years) 914 (7 years)
(%)
Late cardiotoxicity No No No 1
Secondary malignancy No 2 (tMDS) No No

DNR, daunorubicin; IDA, idarubicin; MIT, mitoxantrone; THP, pirarubicin; ACM, aclarubicin; CA, cytarabine; HCA, high-dose CA; MP, mer-
captopurine; MTX, methotrexate; CR, complete remission; CIR, curnulative incidence of relapse; CNS, central nervous sytem; tMDS, therapy-related
myelodsysplastic syndrome; NA, not available.
*Patients with WBC £0'5 x 10°/1 were randomized to 1) or 2), and those with WBC >0'5 x 10/l assigned to 2).
1In LPA96 anthracyclines alone; in LPA99 ATRA was combined and IDA dose was increased for intermediate and high-risk patients.

fEach course was repeated twice.

$Patients were randomized.

YEquivalent DNR doses were converted using ratios inl:3-1:5 for IDA/MIT, 1:1'6 for THP and 1:0-2 for ACM.
**One patient with asymptomatic prolongation of QTc interval in the examination with electrocardiogram,

although the trial to add cytarabine to ATRA and anthracy-

cline-based consolidation remains undetermined.

In our study, which combined cytarabine with ATRA and
anthracyclines both in induction and consolidation, the long-
term outcome was improved and showed a low CIR level.
Moreover, by adopting prarubicin (Lenk et al, 1990) and
aclarubicin (Warrell, 1986), two agents of anthracyclines with

relatively low acute cardiotocicity, the cumulative doses of

anthracycllines were lowered to levels that did not exceed
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moderate dosages (approximately 300-550 mg/m’). Late
abnormalities of left ventricular performance were uncommon
with cumulative anthracycline doses <300 mg/m?, but late
cardiotoxicity might be an important concern in patients with
moderate or higher dosages.( Sorensen ef al, 1997; Nysom
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et al, 1998) However, our study included one patient who
showed asymptomatic electrocardiographic changes of QTc
prolongation which may be associated with late effects of
anthracyclines (Bagnes et al, 2010) and, therefore, cautious
observation might be important for children with a long
prospect of survival

It is to be noted, however, that our regimen with six
reinforced courses of consolidation led to increased risks of
infectious complications attributable to the prolonged dura-
tion of neutropenia, The incidence of sepsis in our study
(56~10-9% in each consolidation block) was higher than that
(3:3-66% of incidence) reported by the PETHEMA study
(Ortega et al, 2005). Although all but one of patients in
remission recovered from sepsis with treatment, the compli-
ance of the regimen was decreased in five patients with
inevitable omission or dose-reduction of Block 3 consolidation
because of chemotherapy-related toxicities. On the basis of the
decreased MRD shown during this combined consolidation
therapy, the intensity of consolidation therapy should be
adjusted to ensure safety. In the ongoing trial in Japan that
succeeded AML99-M3, the intensity of consolidation therapy
has been reduced from six to four courses, and the effects of
this will be compared to AML99-M3.

Recently, the European APL Group suggested the possibil-
ity of additional cytarabine to reduce the chance of relapse
for patients with APL.(Adés et al, 2006) More recently, in the
comparative analysis between APL2000 trial with additional
cytarabine and LPA99 trial without cytarabine, the 3-year OS
and CIR of high-risk patients were respectively, 91-5% vs.
80-0% and 99% vs. 18-5%.(Adés et al, 2008) Furthermore,
the PETHEMA group also demonstrated that the risk-
adapted treatment with ATRA, idarubicin and cytarabine
for high-risk patients significantly improved the 3-year CIR
(11%) when compared to that (26%) of their previous
study.(Sanz et al, 2010) These findings suggest an importance
of risk-adapted treatment and additional cytarabine for high-
risk patients.

While EM relapse involving mostly CNS occurs at an
incidence of 1-5% (Liso et al, 1998; Ko et al, 1999; Specchia
et al, 2001; Breccia et al, 2003), at least one in 10 relapses of
APL have 2 CNS component (Sanz et al, 2009). For 81 children
with relapse reported in the literature, six patients (7-4%) had
CNS involvement and the incidence of isolated CNS of good
risk patients was as low as 2/218 (092%).(Chow & Feusner,
2009) In a European study, which reported 169 relapses (23%)
in 740 patients (de Botton et al, 2006), the 3-year cumulative
incidence (5-0%) of EM relapse was more frequent in patients
with WBC count > 10 x 10%1, suggesting that high-risk
patients may benefit from IT therapy for CNS prophylaxis.
Accordingly, IT therapy was performed for high-risk patients
(Sanz et al, 2005; Adés et al, 2008), whereas IT therapy for
CNS prophylaxis is not currently recommended for low-risk
patients (Chow & Feusner, 2009). As high-dose cytarabine
could have contributed to the prevention of CNS relapse
because of a high penetration property into the CNS, TI

therapy for low-risk patients would be omitted in our regimen
while holding CIR at low levels.

Secondary malignancy is another emerging problem, even if
at low levels, for APL patients as their survival is prolonged.
The PETHEMA LPA99 study, with 560 subjects, identified
nine patients with second malignancies, including six t-MDS/
AML, at a median interval of 41 months.(Sanz et al, 2008)
More recently, the European APL group reported the very
long-term outcome of 578 patients with a median follow-up of
10 years, in which the cumulative incidence of secondary
tumours and t-MDS was 1-4% and 0:2% at 5 years respec-
tively, and 2:7% and 1:1% at 10 years respectively.(Adés et al,
2010) It is of note that the risk of +-MDS/AML may be
increased by exposure to moderate or high cumulative doses of
anthracyclines, which act by inhibiting DNA topoisomerase II,
for children with malignant tumours.( Zunino & Capranico,
1990; Le Deley et al, 2003) Although the risk of secondary
malignancy may not be thoroughly understood with regard to
the use of anthracyclines for APL, the cumulative dosage of
anthracyclines may be an important perspective of the long-
term outcomes and adverse effects for childhood APL.

Recently, therapy with arsenic trioxide, which induces
differentiation as well as apoptosis of APL cells, has been
shown to be effective for patients not only with relapsed but
also with newly diagnosed APL (Ferrara, 2010). With
accumulating evidence for the efficacy and safety of therapy
with arsenic trioxide alone or in combination with other
agents, it would be a promising approach for treatment of
childhood APL in the near future (Zhang et al, 2008) (Zhou
et al, 2010).

In conclusion, although this study, without risk-adjusted
stratifications or randomized approaches, is insufficient to
make definite conclusions, the improved outcome of paedia-
tric APL patients in this study may provide useful implications
in the perspective of long-term prognosis and late adverse
effects of childhood APL. Further investigations are needed.
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Abstract

Background: The PedsQL 3.0 Cancer Module is a widely used instrument to measure pediatric cancer specific
health-related quality of life (HRQOL) for children aged 2 to 18 years. We developed the Japanese version of the
PedsQL Cancer Module and investigated its reliability and validity among Japanese children and their parents.

Methods: Participants were 212 children with cancer and 253 of their parents. Reliability was determined by
internal consistency using Cronbach’s coefficient alpha and test-retest reliability using intra-class correlation
coefficient (ICC). Validity was assessed through factor validity, convergent and discriminant validity, concurrent
validity, and dlinical validity. Factor validity was examined by exploratory factor analysis. Convergent and
discriminant validity were examined by multitrait scaling analysis. Concurrent validity was assessed using

Spearman’s correlation coefficients between the Cancer Module and Generic Core Scales, and the comparison of
the scores of child self-reports with those of other self-rating depression scales for children. Clinical validity was
assessed by comparing the on- and off- treatment scores using Kruskal-Wallis and Mann-Whitney U tests.

Results: Cronbach's coefficient alpha was over 0.70 for the total scale and over 0.60 for each subscale by age

except for the ‘pain and hurt' subscale for children aged 5 to 7 years. For test-retest reliability, the ICC exceeded
0.70 for the total scale for each age. Exploratory factor analysis demonstrated sufficient factorial validity. Multitrait
scaling analysis showed high success rates. Strong correlations were found between the reports by children and

Module among Japanese children.

their parents, and the scores of the Cancer Module and the Generic Core Scales except for ‘treatment anxiety’
subscales for child reports. The Depression Self-Rating Scale for Children (DSRS-C) scores were significantly
correlated with emotional domains and the total score of the cancer module. Children who had been off
treatment over 12 months demonstrated significantly higher scores than those on treatment.

Conclusions: The results demonstrate the reliability and validity of the Japanese version of the PedsQL Cancer

Background

In the last 50 years, long-term survival rates of children
with cancer have dramatically improved and 70 to 80%
of patients can now be cured in developed countries [1].
However, 20 to 30% of patients who are diagnosed with
advanced-stage neuroblastoma, soft tissue sarcoma,
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brainstem tumors, or relapsed tumors do not survive.
For this reason, pediatric oncologists have 2 missions.
For curable disease, we need to optimize anti-cancer
treatment by reducing toxicity and preventing late com-
plications without reducing the survival rate [2-6]. For
fatal diseases, we have to balance the benefit and toxi-
city of anti-cancer treatment to maximize the quality of
life remaining for the patients. To achieve both mis-
sions, we need to be able to measure the quality of life

© 2011 Tsuiji et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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of childhood cancer patients. However, there has been
no standardized measurement scale to do this in Japan.

The World Health Organization defined health as ‘a

state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity’ {7].
Therefore, a health-related quality of life (HRQOL)
instrument should include physical, mental, and social
health dimensions [8,9]. Moreover, a pediatric HRQOL
measurement needs to consider the cognitive develop-
ment of the child and integrate child self-reports and
parent proxy-reports [10]. Taking these points into
account, the PedsQL [11] is thought to be suitable. This
scale has been used in many countries to measure
HRQOL in children and adolescents aged 2 to 18 years.
Evaluation is conducted by both children and parents;
children aged 5 to 18 years are asked to evaluate their
own HRQOL (child self-report) and the parents of chil-
dren aged 2 to 18 years are asked to evaluate their
child’s HRQOL (parent proxy-report). The PedsQL was
designed using a modular approach to integrate the
advantages of generic and disease-specific approaches
[12,13]. Generic core scales enable the comparison of
HRQOL of healthy children with those of ill children. In
Japan, Kobayashi and her colleagues have developed the
Japanese version of the PedsQL 4.0 Generic Core Scales
[14]. We could have used this scale to assess HRQOL
for children with cancer, but the instrument was not
developed specifically for oncology patients. To enhance
the measurement sensitivity for these patients, a cancer-
specific module is necessary.
" The PedsQL 3.0 Cancer Module was designed to mea-
sure HRQOL dimensions optimally for children with
cancer. This instrument has already been validated in
English [6], German [15], Portuguese [16], and Chinese
[17]. However, until now, validation of the Japanese ver-
sion has not been conducted.

The aim of this study was to demonstrate the reliabil-
ity, validity, and feasibility of the Japanese version of the
PedsQL 3.0 Cancer Module and compare scores by
treatment status. As a result, Japanese children will be
able to join international clinical trials and contribute to
improvement of HRQOL of childhood cancer patients.

Methods

Scale development

Before starting this validation study, we obtained per-
mission from Dr. James W. Varni JWV) to translate the
PedsQL 3.0 Cancer Module into Japanese using a stan-
dardized validation procedure [18]. Two Japanese trans-
lators competent in English independently translated
PedsQL into Japanese. After discussion among transla-
tors and the authors, these forward translations were
unified into a single version that was a conceptually
equivalent translation of the original English version.

Page 2 of 16

Then, a professional bilingual translator (Japanese and
English) performed backward translation of the first ver-
sion from Japanese to English. Comparing the back-
translated and original versions, minor changes were
made to the first version. Then, we conducted pilot test-
ing by using this modified version.

This Japanese version was tested on children and their
parents (a total of 16 children and 20 parents). Then the
researchers (NT or NK) looked at the responses on each
questionnaire, checked how long it took to complete,
and asked the subjects how well they understood the
questions,

A final version of the Japanese version of the PedsQL
Cancer Module was produced after modification of the
pilot version. All translation procedures were reported
to JWV, who reviewed the equivalence between the final
Japanese version and the original English version.

Study papulation

This validation study was developed in Japan from Sep-
tember 2006 through June 2010. We recruited children
with cancer and their parents from 9 hospitals in Japan.
Children were excluded from this study if they had
comorbid disease or major developmental disorders.
Families who did not agree to join this study were also
excluded, Children aged 5 to 18 years who were diag-
nosed with cancer were included in this study, and the
parents were included if their child was 2 to 18 years old.

Procedure and measurements

The PedsQL 3.0 Cancer Module instrument includes 27
items with 8 subscales: pain and hurt (2 items), nausea
(5 items), procedural anxiety (3 items), treatment anxi-
ety (3 items), worry (3 items), cognitive problems (5
items), perceived physical appearance (3 items), and
communication (3 items). The child instrument differs
by age group: 5 to 7, 8 to 12, and 13 to 18 years. The
parent’s version also differs by child’s age group: 2 to 4,
5 to 7, 8 to 12, and 13 to 18 years. The participants
evaluated how often a particular problem occurred in
the past month, using a 3-point Likert scale (0 = never,
2 = sometimes, 4 = often) for children 5 to 7 years and
a 5-point Likert scale (0 = never, 1 = almost never, 2 =
sometimes, 3 = often, 4 = almost always) for children 8
to 18 years and for the parents of all ages. For children
aged 5 to 7 years, a Face Scale with 3 pictures varying
from a smiling face to a sad face was used.

The PedsQL 4.0 Generic Core Scales includes 23
items with 4 subscales: physical functioning (8 items),
emotional functioning (5 items), social functioning (5
items), and school functioning (5 items). The instrument
for children differs by age group: 5 to 7, 8 to 12, and 13
to 18 years. The parent’s version also differs by child’s
age group: 2 to 4, 5 to 7, 8 to 12, and 13 to 18 years.
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Similar to the PedsQL Cancer Module, a 3-point Likert
scale is used for children 5 to 7 years old and a 5-point
Likert scale is used for children 8 to 18 years old and
for parents of children of all ages.

The questionnaire was self-administered for parents
and children aged 8 to 18 years, and interviewer-admi-
nistered for children aged 5 to 7 years. According to the
original English version, the interviewer was the child’s
parent. After the parent completed the parent proxy
report separately from their child, they read out the
questions for the child’s self-report and marked the
answers. Parents and children aged 8 to 18 years com-
pleted the questionnaire independently after reading the
instructions on their own. Parents were also questioned
about their age, job, academic background, and eco-
nomic status,

The child’s physician answered questions about the
patient’s sex, date of birth, age, tumor pathology, date of
diagnosis, date of completion of therapy (chemotherapy,
radiation therapy, and surgery), existing comorbid dis-
ease or major developmental disorders, and whether the
cancer was newly diagnosed or recurrent disease.

Participants were 282 families of children with cancer
aged 2 to 18 years. Children aged 5 to 18 years
answered the PedsQL child self-reports (n = 212) and
the parents of children aged 2 to 18 years answered the
PedsQL parent proxy-reports (n = 253). Eight children
and their parents were excluded from the study because
1 patient was 20 years old, 6 patients were diagnosed
with brain tumor, and 1 patient had Down syndrome.
Finally, the questionnaires from 204 children and 245
parents were collected and analyzed.

Test-retest reliability was assessed at Tokyo Metropoli-
tan Kiyose Children’s Hospital (the predecessor of Tokyo
Metropolitan Children’s Medical Center). Forty families
with children in stable condition according to their attend-
ing physician agreed to take a retest after 1 week. Finally,
28 children and 39 parents completed the questionnaires.

Statistical analyses

Statistical analyses of the study were conducted by SPSS
16.0] for Windows (SPSS, Inc., Chicago, USA) and the
significance level was set at 0.05. We used pair-wise
case deletion for missing values, and if more than 50%
of the items were missing, the score was not computed.
Items were reverse-scored and linearly transformed to a
0 to 100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0).
Higher scores indicated better quality of life.

For characterization of the sample, Fisher’s exact test
was used to examine the differences by treatment status.
Multiple regression analysis was done for the significant
factors by Fisher's exact test. For descriptive analyses, we
calculated the mean, standard deviation, median, mini-
mum, and maximum scores and skewness.
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Reliability was determined by internal consistency
using Cronbach’s coefficient alpha and test-retest relia-
bility using Spearman’s intra-class correlation coefficient
(ICC). Internal consistency was considered good when
Cronbach’s coefficient alpha exceeded 0.70. ICC
between the initial test and retest was measured accord-
ing to the following values: 0.40 representing moderate,
0.60 good, and 0.80 excellent correlation.

Validity was assessed through factor validity, conver-
gent and discriminant validity, concurrent validity, and
clinical validity. Factor validity was examined by
exploratory factor analysis. The extraction method was
principle factor analysis. Rotation method was Promax
with Kaiser normalization on the 27 items, Factor load-
ing greater than 0.30 was regarded as significant,

Convergent and discriminant validity were examined
by multitrait scaling analysis [19]. We calculated the
range of correlation coefficients and the success rate of
each scale. Concurrent validity was assessed by Spear-
man’s correlation coefficient between the PedsQL 3.0
Cancer Module and the PedsQL 4.0 Generic Core
Scales, and the comparison of the scores of child self-
reports with those of other self-rating depression scales
for children. We analyzed the correlations by Spearman
rather than Pearson correlations because of non-normal
distributions.

Initially, we predicted that the ‘pain and hurt’ and
‘nausea’ subscales of the Cancer Module were correlated
with the physical health scale of the Generic Core
Scales. Similarly, we predicted that the ‘procedural anxi-
ety,” ‘treatment anxiety,’ and ‘worry’ subscales of the
Cancer Module were correlated with ‘psychosocial
health’ and ‘emotional functioning’ subscales of the Gen-
eric Core Scales. ‘Cognitive problems,’ *perceived physi-
cal appearance,’ and ‘communication’ subscales of the
Cancer Module were compared with the ‘social func-
tioning’ and ‘school functioning’ subscales of the Gen-
eric Core Scales.

Moreover, we assessed the correlation of the ‘proce-
dural anxiety,’ ‘treatment anxiety,” and ‘worry’ subscales
of the Cancer Module with the Depression Self-Rating
Scale for Children (DSRSC) [20] and the Center for Epi-
demiologic Studies Depression scale (CES-D) [21].
These scales have already been translated into Japanese
and the Japanese versions have been validated. DSRSC
and CES-D scores of less than 15 were considered to be
within the normal range and scores 16 or greater were
suspicious for depression.

To assess clinical validity, we compared the total and
subscale scores between on-treatment and off-treatment
status by Kruskal-Wallis and Mann-Whitney U tests.
Feasibility was determined by the amount of time
required to complete the questionnaires and the percen-
tage of missing values.
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We calculated the sample size needed to produce
medium correlation (0.30) in the examination of conver-
gent and discriminant validity. We set the type I error
at 1% and the statistical power at 90%; thus the calcu-
lated sample size was 154. We estimated that approxi-
mately 50 to 70% of participants would agree to
participate, so we decided to administer this test to 220
to 308 parents and their children.

For the retest, sample size was calculated on the basis
of an expected ICC from 0.60 to 0.80. Setting the type I
error at 5% and the statistical power at 80%, calculated
sample size was 13. We estimated that approximately 30
to 50% of retest questionnaires would ‘be returned; thus
we decided to administer the retest to 40 parents and
their children,

Ethical considerations

This study was approved by the Institutional Review
Board (IRB) at each hospital. In our country, people are
sensitive to direct expression about cancer, so we used
alternate terms in introductory writings and question-
naires, such as the Japanese version of the Pediatric
Quality of Life Inventory Brain Tumor Module [22]. For
participation in this study, informed consent was
required from all parents. For children aged 5 or over,
informed assent was also required.

Results

Characterization of the sample

Participants’ characteristics are shown in Table 1. The
average age of the children was 10.5 years (Standard
Deviation [SD] = 3.9 years) and 55.1% of the patients
were male. One hundred sixty-six patients (76.8%) had
hematological diseases, and the remaining patients
(22.0%) had solid tumors. The guardians who answered
the questionnaires were predominantly mothers (93.9%)
and about half of them were 40 to 60 years old. On-
treatment status means the patient was receiving medi-
cal treatment such as chemotherapy, radiation therapy,
or surgery (n = 88; 35.9%). Off-treatment status means
the patient completed all therapy by the time of the
assessment (n = 155; 63.3%). In this study, half of the
patients had been off treatment for over 12 months (1 =
124; 50.6%). Even though medical fees were almost com-
pletely covered by public insurance in-Japan, half of the
guardians rated their economic level as ‘low’ because
most mothers had to quit their job to take care of their
children.

There was no statistically significant difference in the
ratio of patient’s sex, guardians who answered the ques-
tionnaires, their academic background, or their evalua-
tion of economic level by treatment status.

For significant factors such as children’s age, diagnosis,
and age of guardian, multiple regression analysis was
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done (Table 2). None of the comparisons were statisti-
cally significant for the total score of the PedsQL Cancer
Module, so that we considered the 3 treatment groups
to have the same patient characteristics.

Descriptive analysis

The child self-reports and the parent proxy-reports
showed comparatively good concordance in all scales
(Tables 3 and 4). Scale scores were consistently higher
for child reports than for parent reports. For both child
and parent reparts, ‘pain and hurt,” ‘nausea,’ and ‘treat-
ment anxiety’ had higher scores than other subscale
scores for all ages. On the other hand, the subscale
‘communication’ had a tendency to be low for all ages.
However, the scores for ‘cognitive problems’ and ‘per-
ceived physical appearance’ were lowest in adolescents
(13-18 y).

Reliability

Cronbach'’s coefficient alpha for the total scale and each
subscale exceeded 0.70 in both the child self-reports and
parent proxy-reports (Tables 3 and 4). However, for
children aged 5 to 7 years, Cronbach’s coefficient alpha
ranged from 0.53 to 0.67 in the ‘pain and hurt,’ ‘cogni-
tive problems,’ ‘perceived physical appearance,’ and
‘communication’ subscales in self-reports.

Table 5 shows test-retest reliability analysis of the
PedsQL Cancer Module scales in each age group. ICC
values among the children ranged from good to excel-
lent except for the ‘treatment anxiety’ subscale for 5- to
7-year-olds and 13- to 18-year-olds and the ‘worry’ sub-
scale for 8- to 12-year-olds. ICC values among the par-
ents ranged from good to excellent.

Validity

Validity was assessed through factor validity, convergent
and discriminant validity, concurrent validity, and clini-
cal validity. Although the original English version has an
8-factor structure [11], exploratory factor analysis identi-
fied 7 factors for both child self-report and parent
proxy-report in our Japanese version (Tables 6 and 7).
The first item of ‘worry’ (worrying about side effects
from medical treatments) loaded on the ‘nausea’ factor,
and the second and third items of ‘worry’ (worrying
about whether the medical treatments were working and
worrying about reoccurrence or relapse) loaded on the
‘communication’ factor in the child self-report. More-
over, the first item of ‘cognitive problems’ (difficulty fig-
uring out what to do when something bothers him/her)
loaded on the ‘perceived physical appearance’ factor. In
the parent-proxy. report, the first and the second items
of ‘worry’ loaded on the ‘nausea’ factor, and the third
item loaded on the ‘treatment anxiety’ and ‘perceived
physical appearance’ factors. Factor-item correlations
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Table 1 Characterization of the sample

Subject Child On-Tx Child Off-Tx = <12 Child Off Tx >12 Total sample
{n = 88) (n = 33) {n = 124) {n = 245)
n % n % n % n % P value
Age 0.002
2-4 {parents only) . 23 26.1 6 182 12 9.7 41 167
57 28 318 9 273 25 202 62 253
812 16 182 12 364 47 379 75 306
13-18 21 239 6 182 40 323 67 273
Sex 0357
Male 51 580 21 636 63 508 135 55.1
Female 37 420 12 364 61 492 110 449
Diagnosis 0002
Newly diagnosed 67 76.1 27 818 115 927 209 853
Recurrent disease 21 239 6 182 9 73 36 14.7
Tumor pathology 0050
Leukemia 70 795 21 636 75 60.5 166 678
Malignant lymphoma 7 80 4 121 11 89 22 90
Neuroblastoma 4 45 2 6.1 i1 89 17 69
Wilms tumor 3 34 0 0 8 6.5 " 45
Rhabdomyosarcoma 0 0 1 30 3 97 4 16
Hepatoblastoma 1 1.1 o] 0 2 24 3 12
Other solid tumors 2 23 3 9.1 14 113 19 78
Unknown 1 1.1 2 6.1 0 4] 3 1.2
Relationship to patient 0.257
Mother 80 909 32 970 118 95.2 230 939
Father 3 34 1 30 5 40 9 37
Other guardian 0 0 0 0 0 0 0 0
Unknown 5 57 0 (] 1 08 6 24
Age of guardian 0030
21-28 1 1.1 4] 0 4 32 5 20
29-34 17 193 7 212 16 129 40 163
35-39 32 364 12 364 28 226 72 294
40-60 33 375 13 394 74 597 120 490
Unknown 5 57 1 30 2 16 8 33
Guardian’s academic background 0065
Junior high school 3 34 0 0 1 08 4 16
High school 32 364 14 424 41 331 87 355
Vocational school 13 148 2 6.1 29 234 44 180
Junior college 20 227 6 18.2 22 177 48 196
University 14 159 10 303 28 226 52 21.2
Graduate school 0 0 1 30 0 ¥} 1 04
Other 1 1.1 0 0 1 08 2 08
Unknown 5 5.7 1] 0 2 16 7 29
Guardian's evaluation of economic level 0485
Very high 1 1.1 0 0 4 32 5 20
High pE] 26.1 13 394 35 282 71 290
Low 44 500 16 485 65 524 125 510
Very low 14 159 4 121 8 14.5 36 147
Unknown 6 68 0 0 2 16 8 33

On-Tx: on treatment sample; Off-Tx = < 12: off treatment = < 12 months sample; Off-Tx > 12: off treatment > 12 months sample. P value is calculated by Fisher's
exact test,
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Table 2 Multivariable analysis of the total score of the
PedsQL Cancer Module
Factor SE B t P value
Age 362 051 556 579
2-4 (parents only)
57
8-12
1318
Diagnosis
Newly diagnosed
Recurrent disease
Age of guardian 242 155
21-28
2934
35-39
40-60
Unknown
Treatment status
Child On Tx (n = 88)
Child Off T = < 12 (n = 33)
Child Of Tx > 12 (n = 124)
Calculations were done by multiple regression analysis.

SE: standard ervor of the mean.

On Tx: on treatment sample; Off Tx = < 12: off treatment = < 12 months
sample; Off Tx > 12: off treatment >12 months sample.

2866 -108 -1529 128

1673 0%

1198 298 4207 <0001

were between 0.30 and 1.00 in the child self-reports, and
0.44 and 1.00 in the parent proxy-reports.

Convergent and discriminant validity were examined
by multitrait scaling analysis (Table 8). After excluding
item duplication, we calculated correlation coefficients
between each item and the subscale that it belonged to.
The success rate was determined by the percentage of
items where the convergent correlation exceeded the
discriminant correlation. All scales demonstrated extre-
mely high success rates ranging from 95 to 100% in all
ages,

We calculated intraclass correlation coefficients
between the child self-reports and parent proxy-reports
(Table 9). For the entire sample, strong correlations ran-
ging from 0.50 to 0.79 were demonstrated between the
same subscales. Physical health scales ('pain and hurt’
and ‘nausea’} demonstrated the strongest correlations.

Concurrent validity was assessed 2 ways. First, we
compared Spearman’s correlation coefficients between
the PedsQL 3.0 Cancer Module and the PedsQL 4.0
Generic Core Scales (Table 10). The correlation coeffi-
cients between the total score of the Cancer Module
and the Generic Core Scales were over 0.70 for both the
child self-reports and the parent proxy-reports. How-
ever, correlation coefficients between the ‘procedural
and treatment anxiety’ and ‘social functioning’ subscales
in the child self-reports were weak. For both child
reports and parent reports, ‘pain and hurt’ and ‘navsea’
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subscales showed the strongest correlation with the
‘physical health’ subscale. For children, the ‘procedural
anxiety' and ‘worry’ subscales were strongly correlated
with ‘physical health’ and ‘emotional functioning'; the
‘cognitive problems’ subscale was strongly correlated
with ‘school functioning’; and ‘perceived physical
appearance’ and communication’ subscales were strongly
correlated with the ‘social functioning’ subscale. For par-
ents, all subscales except ‘pain and hurt’ and ‘nausea’
subscales showed a strong correlation with the ‘emo-
tional functioning’ subscale.

Second, the correlations between the PedsQL scale
scores and child self-rating depression screening scores
(DSRS-C or CES-D) were examined (Table 11). For the
children who were considered depressed, both the
DSRS-C and CES-D scores were strongly correlated
with the ‘emotional functioning’ score and total score of
the Generic Core Scales. For children aged 8 to 15
years, DSRS-C scores were strongly correlated with ‘pro-
cedural anxiety,’ ‘worry,’ ‘perceived physical appearance,’
and ‘communication’ scores, and the total score of the
Cancer Module. For children aged 16 to 18 years, CES-
D scores were moderately correlated with ‘treatment
anxiety’ and ‘communication’ scores of the Cancer Mod-
ule. Both DSRS-C and CES-D scores of children were
strongly correlated with the total score of their parent’s
CES-D scores (correlation coefficient: 0.986 for DSRS-C,
and 0.771 for CES-D; data not shown).

For clinical validity, we compared the total and sub-
scale scores between on-treatment and off-treatment
status by Kruskal-Wallis and Mann-Whitney U tests
(Table 12) because only treatment status was a signifi-
cant factor among patients’ characteristics for the total
score of the PedsQL Cancer Module (Table 2). Off-
treatment status was divided into 2 groups ( = < 12 mo
and > 12 mo) and analyzed separately.

Children who had been off treatment over 12 months
and their parents demonstrated significantly higher
scores than those on treatment except for ‘cognitive
problems’ and ‘perceived physical appearance’ subscales.
On the other hand, physical and emotional quality of
life scores associated with anti-cancer treatment were
significantly improved among them.

Social and school functioning subscales, such as ‘cog-
nitive problems’ and ‘perceived physical appearance’ had
not improved long after the completion of treatment,
and ‘communication’ scores of children had not
improved within 12 months of completion of treatment.

Feasibility

The percentage of missing values was 0.68% for child
self-reports and 0.98% for parent proxy reports. Accord-
ing to the pilot testing, the time required to complete
the questionnaires was estimated to be 5 to 10 minutes
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Table 3 Score distributions of the Japanese version of the PedsQL Cancer Module {Child self-report)

Subscale n mean {SD, range} o floor ceiling skewness
Total 193 7789 {1535, 29.79-100) 078 6254 9324 -620
Pain and hurt 202 8472 (1966, 0-100) 072 65.06 10438 -1177
Nausea 199 8296 (23.96, 0-100) 088 5900 10692 -1548
Procedural anxiety 203 7290 (3096, 0-100) 087 4194 103.86 -1.032
Treatment anxiety 203 93.14 (1701, 0-100) 084 7613 11015 -3400
Worry 202 76.61 (2591, 0-100) 080 50.70 102.52 -1.101
Cognitive problems 201 7239 {22.09, 6.25-100) 072 5030 9448 -546
Perceived physical appearance 204 7034 (28,58, 0-100) 075 4176 9892 . -797
Communication 204 67.03 (27.01, 0-100) 074 40,02 94.04 -596
2-4 years

Total

Pain and hurt

Nausea

Procedural anxiety

Treatment anxiety NA

Worry

Cognitive problems
Perceived physical appearance

Communication

5-7 years

Total 58 7327 (1457, 43.33-100) 067 5870 87.84 039
Pain and hurt 61 84.02 (1938, 50-100) 053 6464 10340 -735
Nausea 61 76.72 (23.86, 0-100) 082 52.86 10058 -1.295
Procedural anxiety 62 5511 (3691, 0-100) 088 18.20 92.02 -159
Treatment anxiety 61 88.25 (2262, 0-100) 079 65.63 11087 -2.275
Worry 60 7361 (2801, 0-100) 073 4560 101.62 -915
Cognitive problems 60 7313 (23.11, 12.5-100) 067 5002 96.24 -572
Perceived physical appearance 62 7043 (2822, 0-100) 067 422 9865 -786
Communication 62 59.95 (26.90, 0-100) 060 33.05 86.85 -422
8-12 years

Total 72 79.36 (1594, 32.71-100) 082 6342 9530 -923
Pain and hurt 75 86.17 (20,51, 0-100) 084 65.66 106.68 -1825
Nausea 73 83.84 (2565, 5-100) 091 58.19 10949 -1.715
Procedural anxiety 75 7822 (27.57, 0-100) 089 5065 105.79 -1393
Treatment anxiety 75 94.56 (14.14, 25-100) 083 8042 108.70 -3636
Worry 75 7878 {25.79, 0-100) 083 5299 104.57 -1.130
Cognitive problems 74 7135 (20.70, 5-100) 072 5065 9205 -600
Perceived physical appearance 75 7200 (2969, 0-100) 080 4231 101.69 -906
Communication 75 66.67 (2808, 0-100) 076 3859 9475 -590
13-18 years

Total 62 80.25 (1479, 29.79-100) 082 6546 95.04 -925
Pain and hurt 66 8371 (19.11, 37.5-100) 075 6460 102.82 -799
Nausea 65 8785 (2097, 10-100) 0.90 6688 108.82 -1775
Procedural anxiety 66 83.59 (1961, 25-100) 069 6398 103.20 -1.162
Treatment anxiety 67 96.02 (13.71, 0-100) 094 8231 109.73 -5.666
Worry 67 7687 (24.18, 0-100) 085 5269 101.05 -1.330
Cognitive problems 66 7030 (23.20, 20-100) 082 47.10 93.50 -305
Perceived physical appearance 67 6841 (27.96, 0-100) 081 4045 96.37 -735
Communication 67 7401 (24.38, 0-100) 083 4963 9839 -810

n: number of individuals, SD: standard deviation, a: Cronbach's coefficient.
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Table 4 Score distributions of the Japanese version of the PedsQL Cancer Module (Parent proxy-report)

Subscale n mean (SD, range) o floor ceiling skewness
Total 188 749 (15.25, 24.95-100} 079 5966 80.16 -573
Pain and hurt 242 8285 (22.00, 0-100) 089 8085 10485 -1.221
Nausea 233 8049 (25.70, 0-100) 093 5479 106.19 -1324
Procedural anxiety 242 63.19 (31.76, 0-100) 092 3143 94.95 -503
Treatment anxiety 241 8489 (1900, 0-100) 030 6589 10389 -1352
Worry 242 8137 (21.91, 0-100) 087 5946 103.28 -1321
Cognitive problems 203 6878 {2161, 833-100) 0.84 4717 9039 -470
Perceived physical appearance 243 7377 (24.92, 0-100) 086 4885 9869 -903
Communication 241 62.21 (2542, 0-100) 081 36.79 8763 -416
2-4 years

Total 38 7631 (1637, 4083-100) 081 5994 9268 -478
Pain and hurt 41 8689 (1832, 25-100) 083 6857 105.21 -1365
Nausea 39 7218 (24.78, 30-100) 0N 4740 96.96 -140
Procedural anxiety 40 5813 (3503, 0-100) 089 2310 93.16 -213
Treatment anxiety 41 7561 (2651, 0-100) 094 4910 10212 -849
Worry 41 8760 (22,52, 0-100) 093 65.08 11012 -2.110
Cognitive problems 40 7813 (20,03, 25-100) 088 58.10 98.16 -607
Perceived physical appearance 40 83.54 (23.76, 1667-100) 03 5978 10730 -1571
Communication 40 6583 (2848, 0-100) 0.78 3735 9431 -701
5-7 years

Total 56 7370 (13.04, 39.32-100) 068 60.66 86.74 -114
Pain and hurt 61 8463 (18.15, 37.50-100) 0.79 6548 103.78 -893
Nausea 59 7898 (2734, 0-100) 094 5164 10632 -1.530
Procedural anxiety 62 4758 (33.11, 0-100) 093 1447 8069 102
Treatment anxiety 61 8347 (17.58, 25-100) 085 65.89 101.05 -1091
Worry 61 8497 (17.80, 33.33-100) 080 67.17 10277 -1.061
Cognitive problems 62 7087 (1989, 6.25-100) 087 5098 90.76 -402
Perceived physical appearance 62 7661 (21.12, 6-100) 084 5549 97.73 -1.018
Communication 61 5820 (2584, 0-100) 085 3236 8404 -320
8-12 years

Total 71 7426 (1648, 2542-9875) 082 5778 90.74 -855
Pain and hurt 75 81.00 (25.78, 0-100} 054 5522 106.78 -1.376
Nausea 72 8299 (2648, 0-100) 095 56.51 10947 -1637
Procedural anxiety 75 68.56 (2859, 0-100) 094 3997 97.15 -868
Treatment anxiety 74 87.16 (1707, 33.33-100) 084 7009 104.23 -1443
Worry 75 79.00 (2421, 0-100) 087 5479 103.21 -1.309
Cognitive problems 75 64.80 (2209, 5-100) 083 271 86.89 -190
Perceived physical appearance 75 69.11 (25.99, 0-100) 082 4312 95.10 ~745
Communication 74 6092 (24.71, 0-100) 080 3621 8563 -458
13-18 years

Total 61 7641 (1557, 39.06-100) 084 6084 91.98 -416
Pain and hurt 65 8077 (21.88, 25-100) 090 58.89 10265 -835
Nausea 63 84.21 (22.95, 5-100) 093 61.26 107.16 -1631
Procedural anxiety 65 7500 (2517, 0-100) 088 49383 100.17 -709
Treatment anxiety 65 8949 (1445, 50-100) 032 7504 10394 -1.046
Worry 65 76.79 (21.22, 0-100) 086 5557 9801 -1016
Cognitive problems 66 6795 (23.60, 15-100) 0.89 4435 9155 -445
Perceived physical appearance 66 7045 (26.16, 0-100) 086 4429 9661 ~741
Communication &6 65.15 (23.75, 0-100) 085 4140 88.90 =271

n: number of Individuals, SD: standard deviation, a: Cronbach's coefficient.
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Table 5 Test-retest reliability of the Japanese version of the PedsQL Cancer Module

2-4 years 5-7 years 8-12 years 13-18 years

o lcC o ICC o lCC 1]«
Child self-report (n = 19)
Pain and hurt A2 54 38 94 94 94
Nausea 49 80 86 50 92 99*
Procedural anxiety 72 97%* 86 46 64 67
Treatment anxiety NA -06 =12 94 76* 51.20
Worry 90 85 54 20 74 92
Cognitive problems 66 79%* 7574 84 93
Perceived physical appearance 79 87%* 25 45 90 97
Communication 83 76" 81 85% 92 78*
Total 79 83+ 68 79*% 85 1.00%
Parent proxy report (n = 38)
Pain and hurt 92 86** 85 72%* 85 g9 99 99**
Nausea 95 92%* 85 83* 89 100" 98 92*
Procedural anxiety 98 97 98 95%¢ 96 87 8475
Treatment anxiety 81 68" 42 34 8574 95 89
Worry 95 94« 72 51 97 87% 95 87**
Cognitive problems 94 90" 92 73 87 89 92**
Perceived physical appearance 94 92 88 86™ 82 65 94 79*
Communication 89 81** 88 80 2525 737"
Total 98 97" 92 7* 89 86* 93 1.00™

a: Cronbach's coeffident alpha, ICC: intraclass correlation caefficient, NA: not applicable, *P = < 0.05, *P = < 0.01 (2-tailed)

Table 6 Exploratory factor analysis of the PedsQL Cancer Medule in child self-reports

Subscale Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
Pain and hurt P1 ~08 a3 =10 07 ~06 -06 94
P2 07 -07 03 -02 06 01 77
Nausea N1 .85 02 -03 A3 -06 -06 03
N2 .89 04 03 -07 05 -07 -03
N3 59 20 -06 -06 15 02 -11
N4 85 00 07 16 =17 04 05
N5 98 01 -09 01 -08 01 -08
Procedural anxiety PA1 17 n -03 62 a7 =17 04
PA2 -03 -13 09 87 =10 1 05
PA3 03 -05 00 83 -01 A2 -02
Treatment anxiety TAY -07 04 87 10 12 -09 -08
TA2 -02 -02 1.00 -08 -10 07 01
TA3 06 05 67 08 10 -05 -03
Worry W1 51 -10 08 -05 29 10 A2
W2 20 -14 14 -1 64 03 07
W3 21 -20 01 -17 59 09 05
Cognitive problems CP1 -07 16 -05 01 22 .30 2
CcP2 -04 54 -09 01 22 05 -08
cP3 12 J3 -07 -01 04 =17 03
P4 -02 54 1 -03 -01 04 14
CPs 05 70 18 =12 -14 .20 01
Perceived physical appearance Al 19 22 00 -10 02 41 02
A2 -01 =12 02 02 05 82 -05
A3 -06 12 -05 A2 -05 81 -02
Communication 1 -14 23 -02 -02 75 -02 -06
C2 -1 20 08 19 67 -14 00
a -02 04 -10 18 A48 30 -12

Extraction method Is principle factor analysis by Promax rotation with Kaiser normalization.
Factor loading greater than 0.30 shown in boldface.
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Table 7 Exploratory factor analysis of the PedsQL Cancer Module in parent proxy-reports

Subscale ftem Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
Pain and hurt 4 -01 04 00 -04 a7 -04 85
P2 R -03 01 08 -06 03 93
Nausea N1 87 -08 03 03 -05 -02 1
N2 o4 03 01 -1 -08 03 . 08
N3 60 -02 08 17 16 03 -13
N4 100 -01 03 -02 -18 06 04
NS 1.00 -01 -07 -10 -05 01 -04
Procedural anxiety PA1 10 07 85 -08 -04 -03 00
PA2 -13 -02 90 A5 02 -09 01
PA3 06 00 95 -08 00 07 00
Treatment anxiety TA1 -05 -06 12 83 00 04 02
TA2 08 ©a3 =11 85 -18 09 -02
TA3 -06 02 00 90 -14 08 06
Worry w1 66 00 07 08 16 00 -06
W2 45 00 -05 27 27 -13 -01
w3 13 -15 -01 44 49 -24 -06
Cognitive problems CP1 04 55 07 09 09 1 02
cP2 -03 J5 05 -12 03 03 -04
cP3 -11 89 -02 01 ~12 -12 AA
CP4 -01 77 -06 17 00 -06 02
CPs 08 86 05 -02 01 01 ~10
Perceived physical appearance Al 27 24 -10 -08 50 -01 07
A2 =13 -10 07 -09 83 06 12
A3 00 04 -06 -18 95 08 -04
Communication (%] N 01 -01 03 02 .86 -04
Q -04 -09 -04 A0 09 93 03
a =17 A2 07 12 38 .29 02

Extraction method Is principle factor analysis by Promax rotation with Kaiser normalization.

Factor loading greater than 0.30 shown In boldface.

(median, 8 min) for the child self-report and 2 to 5 min-
utes (median, 3 min) for the parent proxy report. This
would be enough to demonstrate the feasibility of the
Japanese version of the PedsQL 3.0 Cancer Module,

Discussion

The present study demonstrated the reliability, validity,
and feasibility of the Japanese version of the PedsQL
Cancer Module. The guardians who answered the ques-
tionnaires were much older than the Brazilian subjects
[16], it may reflect the rising age at first birth among
Japanese women,

For internal consistency, Cronbach’s coefficient alpha
for the overall scale exceeded 0.70 except for the ‘pain
and hurt,’ ‘cognitive problems,’ ‘perceived physical
appearance,’ and ‘communication’ subscales in child
self-reports for children aged 5 to 7 years. The Cron-
bach’s coefficient alpha ranged from 0.53 to 0.67 in
these subscales. The same tendency was shown in the
original English version (0.38 to 0.63) [11]. The reason
may be that children under the age of 7 years can only

describe the general amount of pain they feel. Therefore,
it is sometimes difficult to accurately measure the level
of pain even using very simple scales [23]. As Dr. James
W. Varni mentioned [11], child self-report scales that
cannot achieve 0.70 should be used only for descriptive
or exploratory analyses and further testing is needed for
practical use.

For test-retest reliability, patients were selected who
were considered to be stable and were not expected to
change before completing the questionnaires for the sec-
ond time. Patients did not receive treatment between
the first and second completions of the questionnaires.
The ideal length of the interval between the first and
the second tests was not determined. A period of 2 to
14 days in considered adequate [24-27], so we used a 7-
day interval in this study. ICC values among children
were good to excellent, except for 3 subscales, First, for
the ‘treatment anxiety’ subscale in 5- to 7-year-olds, the
children gave the same answer for the second item, ‘get-
ting anxious about going to the doctor.” However, 2
other items, ‘getting anxious when waiting to see the
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Table 8 Multitrait scaling analysis of the PedsQL Cancer Module

Childen Parents

Subscale Convergent Discriminant Success Convergent Discriminant Success

validity validity rate validity validity rate
Total 046-083 002-061 99.5% 051-092 003-062 100%
Pain and hurt 056 006-044 100% 080 006-047 100%
Nausea 0.56-0.80 0.14-048 100% 066-0.92 018062 100%
Procedural anxiety 0.72-083 002-035 100% 080-089 003-051 100%
Treatment anxiety 069075 008-039 100% 0.79-0.81 0.11-052 100%
Worry 062-067 0.12-061 100% 0.70-083 0.15-060 100%
Cognitive problems 046-067 004-047 98.0% 062-0.77 003-045 100%
Perceived physical appearance 048-068 0.09-042 100% 066-080 0.16-045 100%
Communication 046-068 0.14-044 100% 051079 0.19-042 100%
2-4 years
Total 028-0.94 001-081 99.0%
Pain and hurt 077 -0.01-060 100%
Nausea 057-0.94 0.14-062 98.0%
Procedural anxiety 064-0.50 -0.01-081 96.0%
Treatment anxiety NA 084-0.86 001080 100%
Worry 0.78-094 0.02-054 100%
Cognitive problems 0.70-091 0.13-055 100%
Perceived physical appearance 054-062 0.19-0.56 100%
Communication 028-0.72 001061 96.0%
5-7 years
Total 031-088 000-049 99.0% 057091 '000-056 100%
Pain and hurt 039 000-035 100% 059 000-038 100%
Nausea 0.50-071 0.00-038 100% 068-091 002-0.56 100%
Procedural anxiety 067-088 003-041 100% 078-088 0.01-041 100%
Treatment anxiety 066-0.70 001-046 100% 071-0.77 0.08-045 100%
Warry 046-065 -0.02-043 100% 060-0.71 000052 100%
Cognitive problems 039054 001-049 97.0% 063-083 000042 100%
Perceived physical appearance 0.31-056 003-044 96.0% 063-081 008-043 100%
Communication 031-054 002-040 96.0% 057079 000-043 100%
8-12 years
Total 047-097 000050 100% 043-087 001078 98.0%
Pain and hurt 066 0.12-054 100% 088 007057 100%
Nausea 0.79-099 0.11-065 100% 077093 005078 98.0%
Procedural anxiety 097-098 0.11-090 100% 087-096 -0.02-035 10C%
Treatment anxiety 097098 0.12-041 100% 069-0.73 013052 100%
Worry 095097 0.26-0.55 100% 0.64-0.88 0.02-0.77 96.0%
Cognitive problems 094-098 000-044 100% 051-0.77 001077 98.0%
Perceived physical appearance 0.93-0.96 0.11-045 100% 052-0.80 008-043 100%
Communication 047-065 0.15-046 100% 043-0.79 0.11-045 96.0%
13-18 years
Total 051091 0.08-064 98.0% 048-092 0.13-056 100%
Pain and hurt 071 0.15-046 100% 081 0.26-0.50 100%
Nausea 062-0.86 0.08-058 100% 048-0.92 0.16-055 98.0%
Procedural anxiety 051075 0.10-042 100% 078087 0.17-050 100%
Treatment anxiety 0.86-091 0.13-051 100% 081-0.51 024056 100%
Worry 067083 0.19-054 100% 0.71-087 0.22-053 100%
Cognitive problems 0.54-069 0.06-0.57 95.0% 065-081 0.14-053 100%
Perceived physical appearance 0.52-0.72 0.24-064 96.0% 073-0.76 0.25-048 100%
Communication 056-0.79 0.19-0.58 96.0% 059-0.81 0.13-051 100%

Convergent and disciiminant validity is calculated by Pearson comrelation coefficient, NA: not applicable



