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WA Bt b b X ENREEEEES DS, EORBEERERHORE, N0F
FEORBELLETH D, BEANESOEVIEQODEDTHLIRREANT/ QY METHEML%T
BT, NEFOE YOBAKERCA F Y RMEBRBE IO TS5 T74—, AV TUIN) —
WMk BAREERE, 73 B, BETREZ S VBNCES Y. ACREMER
BEMTHIIE, RMEICHEES LK (REZ 07 ) #l~_%EH Coombs #RER, T
Foik iR ok (REF 07 v) & RL5 MBE Coombs BRSBTS 2 B0 REICHIERS
GHAENERE ZoTWAI L H b, BIEMAMMARREIFLERIMOZNTYH,
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Objective: This paper describes the mortality rates and trends from childhood cancer at the population level over

a 37-year period in Japan and other developed countries.

Materials and methods: Age-standardized mortality rates were calculated by the direct method using age-specific
mortality rates at 5-year age intervals and weights based on the age distribution of the standard world population. The

joinpoint regression model was used to describe changes in trends.

Results: For all cancers combined, the mortality rate during 2000-2006 was 2.20 per 100 000 population for boys
and 1.89 for girls. Mortality for all cancers combined decreased since 1970s in Japan. A stable trend was observed in
recent 5 years for girls. For leukemia, a declining trend was aobserved in the whole period for girls and in 1976-2006
for boys. Mortality rates for childhood central nervous system tumors have remained stable at a low level during

1980-2006.

Conclusions: The present study provides updated figures and trends in childhood cancer mortality in Japan and
other developed countries. This will help to estimate care needs and to plan intervention and the quantity of

appropriate childhood cancer treatment.

Key words: cancer, childhood, epidemiology, mortality, time trends

introduction

It is estimated that ~3000 Japanese children aged from birth to
18 years will develop cancer, Although childhood cancer is rare
compared with adult cancer, it is the fourth most common
cause of death among children aged 0-14 years in Japan,
according to the report given by the Ministry of Health, Labor
and Welfare of Japan in 2005. A population-based study in
Osaka prefecture in Japan indicated that death due to
childhood cancer declined from 1972 to 1995, while the
incidence increased in the same period [1]. In the United
States, an estimated 10 400 new cases and 1545 deaths are
expected to occur among children aged 0-14 years in 2007 [2].
During recent three decades, the incidence of childhood cancer
increased ~0.6% annually. In contrast, mortality from
childhood cancer declined by 1.3% per year during 1990-2004
[3]. A population-based study among European children
since the 1970s showed that the overall incidence of childhood
cancer has increased by 1.0% per year, while mortality has
declined by 3.6% per year in the past three decades [4, 5].
The decrease in mortality from childhood cancer has been
suggested to be due to the effects of improvements in diagnosis

*Correspondence to: Dr N. Sakamoto, The Division of Epidemiclogy, Department of
Maternal and Child Health, National Research Instituta for Child Health and
Development, 2-10-1 Ookura, Setagaya-ku, Tokyo 157-8535, Japan.

Tel: +81-03-3416-0181(4360); Fax: +81-03-5494-7490; E-mai: sakamoto@nch.go.jo

and therapy. For all childhood cancers combined, 5-year
relative survival has improved markedly over the past three
decades, from <50% before the 1970s to ~80% today [2].

There is no national childhood cancer registry system in
Japan, and recent childhood cancer mortality has not been well
characterized in terms of temporal and geographic trends.
This paper describes the occurrence of death from childhood
cancer at the population level aver a 37-year period in Japan
using official death certification data, which record 100% of
deaths in Japan. The aim of this study was to ascertain the
general mortality trend for each sex and to study the moment
at which a shift in the trend occurred.

materials and methods

The number of death by cause, stratified for sex and by 5-year age group for
cancer for the period 1970-2006, was derived from vital statistics
compiled by the Ministry of Health, Labor and Welfare of Japan.
Population figures were obtained from census data and intercensus
estimates, by calendar year, age and gender. Population censuses of Japan
are conducted every 5 years by the Statistics Bureau, Ministry of Internal
Affair and Communications. For comparison, we also calculated the
cancer mortality rate in other developed countries, including Canada
(1970-2004), the United States (1970-2005), Italy (1970-2003), UK
(1970-2005) and New Zealand (1970-2004). Deaths at age 0—4, 5-9 and
10-14 years were derived from the World Health Organization (WHO)

@ The Author 2008, Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
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mortality database. Estimates of the population, generally based on official system (CNS) tumors (ICD-9: 191-192; ICD-10: C70-C72), malignant

censuses, were based on the same WHO database. kidney tumors (ICD-8: 189; ICD-9: 189; ICD-10: C64-C68) and malignant
During the study period, three different revisions of the International bone tumors (ICD-9: 170; ICD-10: C40-C41). In order to avoid possible
Classification of Disease were used. In Japan, this included International bias due to changed ICD, the analysis of CNS tumors, malignant bone
Classification of Diseases (ICD)-8 from 1970 to 1978, ICD-9 from 1979 to tumors and lymphomas (United States only) was restricted to data from
1994 and ICD-10 from 1995 onward. Since the differences were minor in 1980 onwards.
various revisions, we recorded six cancer sites, including all cancer Age-standardized mortality rates were calculated by the direct method
combined (ICD-8: 140-209; ICD-9: 140-208; ICD-10: C00-97), leukemia using age-specific mortality rates for 5-year age intervals and weights based
(ICD-8: 204-207; ICD-9: 204-208; ICD10: C91-C95), lymphomas on the age distribution of the standard world population. All rates are
(ICD-8: 200~202; ICD-9: 200-202; ICD-10: C81~85), central nervous expressed per 100 000 children-years.

Table 1. Childhood cancer mortality rate (per 100 000) in Japan and other selected countries (boys)

Total malignant tumors B 3 ;
1970-1974 4 L i 7.69 647 872 7.20 8.45
1975-1979 5.86 6.10 5.25 7.96 6.53 7.59
19801984 14.99 § 5 b3y 4,60 © 696 5.06 7.04
19851989 4.13 452 G ) ‘ 5.50 ; 413 7.17
1990-1994 337 3.43 333 : 5.40 396 494
1995-1999 2.90 2 g8 TERT) L e . 453 342 4383
2000~ 220 LG8 i R e s e 3.00 3.58

Leukemia , ; G e b ‘
1970-1974 R ey i o 3.02 3.44
1975-1979 3.10 "BEF - i oL 279 3.07
1980-1984 : 2.46 R S 211 2.89
1985-1989 191 el R
1990-1994 154 “120 1.41 1.69
1995-1999 1.21 097 1.18 199
2000~ 0.84 085 0.91 0.78

Lymphomas 2
1970-1974 : 0.61 e £ 1.14 0.73 077
1975-1979 0.66 = 0.86 0.65 0.75
19801984 P R T - e a9 0.62 0.40 051
1985-1989 WL T L R R 0031 051 0.29 0.58
19901994 : 836 . 023 3 0:47 025 0.15
1995-1999, : [ o A 0E Wi ot 0:20 0:23
2000~ O gty SR L 027 0.20 0.12

Central nervous system = :
tumors
1980-1984 0.40 117 0.95 ; L4l 112 1.50
1985-1989 0.40 1.18 0.86 : 1.05 1.10 1.66
1990-1994 0.46 0.97 0.86 119 110 179
1995-1999 0.49 0.83 0.79 : 0.93 0.94 1.35
2000~ 0.43 0.81 0.75 0.87 0.85 1.43

Malignant kidney tumors f ! ‘
1970-1974 0.18 “0.35 0.24 0.45 0.33 0.34
1975-1979 0.16 0.20 0.17 034 026 0.33
1980-1984 012 0.13 0.14 023 0.20 0.24
1985-1989 0.09 0.10 0.10 0.19 0.09 0.22
19901994 0.07 0.06 0.09 0.13 0.12 0.26
1995-1999 0.06 0.05 0.08 0.13 0.13 0.09
2000~ 0.05 0.12 0.08 0.09 0.09 0.08

Malignant bone tumors
1980-1984 0.15 0.18 0.16 0.33 0.26 0.12
1985-1989 0.15 0.16 0.12 0.24 0.18 0.30
1990-1994 0.14 0.11 0.11 0.19 0.14 0.04
1995-1999 0.13 0.12 0.11 0.14 0.13 0.17
2000~ 0.09 0.12 0.13 0.15 0.15 0.24
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The joinpoint regression model was used to describe changes in trends
[6]. We allowed for up to four joinpoints for each model. The computation
of mortality rates and their standard errors was implemented in SAS 9.0.
Joinpoint analyses were carried out using Joinpoint software 3.3.1 from the
Surveillance Research Program of the US National Cancer Institute. Time
trends were assessed for all childhood cancer combined and for six major
categories, including leukemia, lymphoma, malignant brain tumor,
malignant kidney tumor and malignant bone tumor.

The standardized mortality ratio (SMR) by sex was calculated for
47 prefectures in Japan by taking the ratio of the observed to expected

Annals of Onceology

deaths, The z-value was computed for each SMR, on the basis of the
assumption that observed deaths follow a Poisson distribution. The maps
were developed using adjusted SMR by gender.

results

mortality

Tables 1 and 2 give age-adjusted maortality rates in Japan and
five other developed countries for all malignant tumors and for

Table 2. Childhood cancer mortality rate (per 100 000) in Japan and other selected countries (girls)

Total malignant tumors

197ﬂ—l9‘?§ 1 5.10 6.12
1975-1979 4.61 483
1980-1984 3.88_ 4.24
1985-1989 3.30 3.43
1990-1994 275 2.80
1995-1999 223 2.73
2000~ 1.89 2.06
Leukemia .
1970-1974 2.86 2.80
1975-1979 250 234
1980-1984 1.79 171
1985-1989 1.50 137
1990-1994 1.20 0.89
1995-1999 0.88 0.87
2000~ 0.68 0.46
Lymphomas
1970-1974 0.33 0.39
1975-1979 0.35 0.18
1980-1984 0.31 0.23
1985-1989 0.28 0.22
19901994 0.25 0.12
1995-1999 0.10 0.09
2000~ 0.06 0.39
Central nervous system
tumors
1980-1984 0.39 1.01
1985-1989 0.38 0.88
1990-1994 0.44 0.75
1995-1999 0.47 0.84
2000— 0.42 0.69
Malignant kidney tumors
1970-1974 0.20 0.32
1975-1979 0.11 0.23
19801984 0.12 0.13
1985-1989 0.07 0.11
1990-1994 0.07 0.10
1995-1999 0.05 0.14
2000- 0.06 0.11
Malignant bone tumors
1980-1984 0.17 0.20
1985-1989 0.16 0.14
1990-1994 0.12 0.13
1995--1999 0.14 0.12
2000~ 0.11 0.16

5.13 6.90 5.55 6.85
4.07 5.90 1.69 6.35
3.59 5.48 4.27 4,39
3.06 4,36 3.81 ey
2.69 4,19 3.01 3.81
2.39 3.29 2.65 3.54
2.28 2.86 2.47 3.06
2.26 3.28 2.43 3.08
1.70 2.53 1.82 1.86
1.30 %17 1.59 1.66
1.09 1.51 1.26 1.84
0.91 1.47 0.89 1.04
0.78 1.07 0.91 1.34
0.69 0.82 0.76 0.90
- 0.54 0.31 0.27
- 0.39 0.27 0.41
0.16 0.26 0.22 0.21
0.13 0.28 0.14 0.25
0.09 0.16 0.09 0.10
0.08 0.17 0.09 0.20
0.06 0.18 0.09 0.05
0.84 143 0.93 1.43
0.77 0.99 0.98 1.37
0.77 0.90 0.88 1.26
0.71 0.72 0.74 0.88
0.69 0.78 0.71 1.00
0.25 0.44 0.37 0.38
0.19 0.33 0.26 0.36
0.15 0.27 0.18 0.00
0.13 0.18 0.18 0.10
0.09 0.18 0.15 0.27
0.11 0.11 0.12 0.21
0.10 0.10 0.12 0.11
0.16 0.26 0.29 0.13
0.12 0.27 0.26 031
0.13 0.23 0.14 0.05
0.11 0.16 0.13 0.18
0.11 0.12 0.20 0.25
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the main types of childhood cancer. A total of 33 059
childhood cancer deaths were reported in Japan during
1970-2006, of which 353 cancer deaths occurred in 2006. For
all cancers combined, the mortality rate during 2000-2006 was
2.20 per 100 000 population for boys and 1.89 for girls.
Leukemia was the most common diagnosis. Death rates from
leukemia were 0.84 for boys and 0.68 for girls. Mortality from
childhood CNS tumors was 0.43 for boys and 0.42 for girls.
Geographic variations were observed. The rates of childhood
CNS tumor and malignant kidney tumor were lower for both
genders in Japan than in other countries,

temporal changes in mortality

Trends of age-standardized mortality from childhood cancer
are shown in Figures 1 and 2 and Tables 3 and 4. Mortality for
all cancers combined decreased since 1970s in Japan. For boys,
a declining trend of 1.58% per year (P < 0.05) was observed
during 1970-1979, followed by an accelerated decline of 3.78%
per year (P < 0.05) during 1979-2006. For girls, mortality was
high in the 1970s and remained stable in 19962006 at a low
level, after two significant periods of decline (1972-1995 and
1995-1999). The average annual per cent change (AAPC) in
recent 10 years was —3.8% (P < 0.05%) for boys and —1.9%
(P < 0.05) for girls. In recent 5 years, declining trend only
occurred in boys. The average annual per cent change

10.0
9.0 Total malignant tumors
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7.0
6.0
5.0
4.0
30
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005 :
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during 2002-2006 was —3.8% (P < 0.05%) for boys, and
for girls a nonsignificant decline was observed from 2002
(AAPC = —0.6%, P > 0.05) for girls.

The mortality rate from leukemia in boys remained stable
during 1970-1976 (APC = —1.10, P > 0.05) and then declined
by 4.77% per year (P < 0.05) during 1976-2006. For girls,
mortality decreased by 4.53% per year (P < 0.05) throughout
the whole period. The average annual change in recent 10 years
was —4.8% (P < 0.05%) for boys and —4.5% (P < 0.05%) for
girls. Similar decline trends were also observed in Canada, the
United States, Italy, UK (girls) and New Zealand.

In contrast with the dramatic decline in mortality for
childhood leukemia, mortality rates from childhood CNS
tumor in Japan remained stable at a low level for both genders
during 1980-2006. The average annual change in recent
10 years was 0.5% (P > 0.05) for boys and 0.0% (P > 0.05)
for girls. On the contrary, Canada, the United States, UK and
New Zealand (girls) showed significant declining trends in the
whole period.

With reference to the pattern of mortality for lymphomas,
death rates for boys were stable during 1970-1985 and declined
significant thereafter by 8.56% per year. The trend for girls
leveled off during 1970-1991 and showed a declining trend of
11.85% per year during 1991-2006; however, except for New
Zealand females, the death rates in other countries for both
genders significantly declined throughout the whole period.
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Figure 1. Mortality rates of childhood cancer deaths, boys, Japan, 1970-2006.
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Figure 2. Mortality rates of childhood cancer deaths, girls, Japan, 1970-2006.

Regression analysis also revealed that the death rate for
malignant kidney tumors declined by 4.12% per year for
boys and 3.98% per year for girls during 1970-2006. Similar
trends were observed for malignant bone tumor. Mortality
decreased by 2.03% per year for boys and 1.79% per year for
girls throughout the whole period.

Mortality rates varied from prefecture to prefecture in Japan.
A map of SMR by gender is shown in Figure 3. The SMR was
significantly highest among children in Kochi prefecture for
boys and Tokushima and Kagoshima prefectures for girls.

discussion

In this study, we quantified the childhood cancer burden in
Japan, focusing on mortality, and compared these figures with
other developed countries. The results indicated that mortality
from childhood cancer in Japan is substantial, while the
number of deaths is small. There were 33 059 cases of
childhood cancer death over the period 1970-2006 in Japan.
Approximately 400 deaths each year were attributed to cancer
in children aged 0-14 years. Mortality from all cancers
combined in Japan is comparable to that in the European,
North American and Oceanic countries included in this study
for contrast.

7o | Yang et al.

The joinpoint regression method was used in our research to
evaluate the trend in childhood cancer deaths. This method has
allowed a detailed and accurate description of the pattern of
childhood cancer mortality since it identifies the calendar years
in which statistically significant changes in trends occurred.
This offers a clearer picture of actual trends in mortality over
long periods of time rather than using only one trend
statistics. We also reported the average annual percentage
change in this study. The AAPC can be used to characterize
a short segment based on a joinpoint model fit over a much
longer series. This is especially advantageous for situations
when the data are sparse (e.g. a rare cancer or data from
a small geographic area) [7]. Our results showed a declining
cancer mortality rate for boys in the whole period and
a stable trend for girls in recent 5 years. It is unlikely that
the observed time trends in the mortality rate are due to
variations in the completeness and accuracy of the
population data because the analyzed data were provided by
official sources and based on the population census. The
significant time trend observed for most tumor types is
congruent with improvements in diagnosis, therapy and
supportive care,

The dramatic decrease in mortality observed for childhood
leukemia, which accounts for ~50% of all childhood cancer
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Table 3. The APC of childhood cancer mortality rates (boys)

Total malignant tumors
Japan 1970-1979 —1.58* 1979-2006  —3.78* —3.8* —3.8%
Canada 1970-2004 —3.64* —-36* -3.6*
United States 19701998 —322* 1998-2005 —0.26 -03 -0.9
Italy 1970-1985  =2.32* 19851989 =869  1989-1993 696 1993-2003 ~5.89*  —59* —-5.9%
UK 1970-2005 —2.93* —28* ~2.9*
New Zealand 1970-2004 —2.50* ~2.5% —2.5*
Leukemia : F
Tapan- 1970-1976  =1.10 " 1976-2006  —4.77* —4.8* —4.8*
Canada 1970-2004  —5.00* ~5.0% —5.0*
United States 1970-1984 —4.95* 1984-2005  —3.39* —3.4* 347
Ttaly 1970-2003  —3.69* e i —3.7* 37
UK 1970-2005 —3.74*  2003-2005 ~27.41 ~96 ~16.4
New Zealand 1970-1997  —2.12* 1997-2004 ~18.03* —~14.7% —18.0*
Lymphomas Shrt ia i : g [x
Japan 1970-1985 039  1985-2006  —8.56* -8.6* -8.6*
Canada 19702004  —6.10* = o —6.1*
United States 1980-2005 —5.63* —5.6* ~5.6
Ttaly 1970-2003  —4.46* —4.5% —4.5%
UK 1970-2005  —4.56* —46* -4.6*
New Zealand 1970-2004 —2.57* -2.6* ~2.6*
Central nervous system
tumors
Japan 1980-2006 048 0.5 0.5
Canada 1980-2004  —~2.13* —2.1% —2.1*
United States 1980-2005 - —1.07* —-i1* -11*
Ttaly 1980-2003 —2.19* —2.2* —2.2*
UK 1980-2005 —1.25% —-1.2* ~1.2*
New Zealand 1980-2004 —0.86 -0.9 —0.9
Malignant kidney tumors
Japan 1970-2006 —41* —4.1*
Canada . 1970-1996 1996-2004 - 17.70* 14.5% 17.7*
United States 1970-1987 19872005  ~1.73* -1.7* -1.7*
Ialy . 1970-2003 . e —4.9* —4.9*
UK ~ 1970-2005 —3.6% -3.6*
New Zealind 197022004 =204 +2.0%
Malignant bone tumors iy
Japan 1980-2006  —2.03* -2.0* —2.0%
Canada 1980-2004  —2.32* : —2.3* 29
United States 1980-1990  —441*  1990-2005 1.31 1.3 1.3
Italy 19802003 —443*% - —4.4* —4.4%
UK 19802005 —2.93* -2.9* —-2.9%
New Zealand 1980-2004 —0.23 —0.2 -0.2
*P < 0.05.

APC is the annual per cent change; AAPC is average annual per cent change.

lymphoblastic leukemia increased from 20% to 30% in the
1960s to 60% to 75% in the 1980s in developed countries.
Current survival rates are ~80% for acute lymphoblastic
leukemia (ALL) [8] and 50%-70% for acute myelogenous
leukemia. In Japan, a population-based study in Osaka
prefecture indicated that the 5-year survival rate of childhood
leukemia increased from 32.4% in 1975-1984 to 60.4 in
1985-1994 [1]. National incidence trends could not be

deaths, is consistent with improvements in survival, particularly
for patients with acute lymphoblastic leukemia. This increase in
survival is due to more effective antileukemic therapy, such

as multidrug chemotherapy protocols, with a reduction in the
number of relapses and resistant disease, but also due to
improvements in supportive care, such as antibiotics,
antifungal treatment, blood banking, transplant procedures and
pediatric intensive care. In fact, the 5-year survival rate of acute
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Table 4. The APC of childhood cancer mortality rates (girls)

Total malignant tumors

Japan 1970-1972 3.24 1972-1995 —3.21% 1995-1999 —6.46* 1999-2006 —0.57 =1.9* —-0.6
Canada 1970-2004 —3.42* -3.4* —3.4*
United States 1970—'1977_ —4.46* 1977-1995 —2.72% 1995-2005 —1.07* e I =1.1*
Italy 197022003~ —2.80* —2.8* -2.8*
UK 1970-2005 = —2.73* R i —2.7*
New Zealand 1970-2004 —2.57* ) ~2.6* —2.6*
Leukemia : :
Japan 1970-2006 —4.53* = 5% —4.5*
Canada 1970-2004 —5.28* —5. 3% =53%
United States 1970-1980 —6.09*  1980-2005 —3.14* =3.]¥ =B3%
Ttaly 1970-2003 —4.33* —-4.3* —4.3*
UK 1970-2005 —3.88* —3.9% —-3.9*
New Zealand 1970-2004 —3.17* —=3.2* —3.2%
Lymphomas
Japan 1970<1991  —1.13 1991-2006 —11.85* —=1L8% —11.8**
Canada 1970-2004 —4.55* —4,6% o
United States 1980-2005 —4.39% —4.4* —4.4*
Italy 1970-2003 —3.93* —3.9% —~3,9*
UK 1970-2005 —4.56* —4.6* —4.6*
New Zealand 1970-2004 —0.35 —0.4 —-04
Central nervous system
tumors
Japan 1980-2006 0.03 0.0 0.0
Canada 1980-2004 —1.50* =1.5* B T
United States ' 1980-2005 —0.87* =0.9* —=Q.9*
Italy 1980-2003 —2.28* =2.3* 2%
UK 1980-2005 —1.68* —1.7* = )7
New Zealand 1980-2004 —2.32% —2. % —2:3%
Malignant kidney tumors
Japan 1976-2006 —3.98* —4,0* —4.0*
Canada 1970-2004 —2.90* - —2.9%
United States 1970-1991 —4.60* 1991-2005 0.16 0.2 0.2
Italy 1970-2003 —4.62* —4.6* —4.6%
UK 1970-2005 —3.49* =45* —=3.5*
New Zealand 1970-2004 —2.91* —2.9* —2.9*
Malignant bone tumors
Japan 1980-2006 —1.79* =1 8% ~1.8*
Canada 1980-2004 —0.24 —-0.2 =2
United States 1980-2005 —1.59* =L.Er —L.6*
Ttaly 1980-2003 —3.52* =3.5% —~3.5%
UK 1980-2005 —2.22* i —2.2"
New Zealand 1980-2004 1.52 15 15
*P < 0.05.

APC is the annual per cent change; AAPC is average annual per cent change.

obtained in the current study. Research in Great Britain [9, 10], The stable trend in mortality for childhood CNS tumor
Italy [11] and Sweden [12] showed increased trends in implied a modest increase trend in the incidence rate in Japan
childhood leukemia. A report from Britain indicated that small ~ because of the survival improvement reported in childhood
peaks in the incidence of ALL in 1976 and 1990 coincided with ~ CNS tumors in developed countries in recent decades, while
the years immediately following influenza epidemics [13], Other  progress in therapy for brain tumors has not been as great as for

explanations of the increased trend were characteristics of the leukemia. For CNS tumors, computed tomography, which was
environment, such as population mixing, although the etiology ~ introduced in the 1970s, and magnetic resonance imaging,
of cancer remains complicated and largely unknown. which has been used widely since the 1980s, has become
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Figure 3. Standardized mortality ratios for childhood cancer in Japan, 2000-2006 by prefecture.

a standard tool for CNS tumor diagnosis and evaluation [14].
Furthermore, improvements in neurosurgical techniques have
occurred during the past two decades, including stereotactic
surgery, Cavitron Ultrasonic Surgical Aspirator and so on.
Childhood cancer survival research from Osaka prefecture in
Japan reported a slight increase in 5-year survival [1]. Incidence
trends were not evaluated in this study. Data from the
population-based cancer registry of Hokkaido prefecture in
Japan indicated that the incidence of childhood brain tumors
has been increasing, though the cause is unknown [15]. Other
studies conducted in developed countries reported a significant
increase in childhood CNS tumor incidence [10, 12, 16-21].
This has been explained by changes in detection and/or reports
of childhood CNS tumors [22]. Because magnetic resonance
imaging became ubiquitous at tertiary pediatric centers in the
mid-1980s, it is likely to have increased the rate of detection;
however, in the current study, the mortality rate of childhood
CNS tumors in Japan was low and constant since the 1980s,
and no significant increase in the number of deaths occurred in
the middle of the 1980s to support the suggestion that the
incidence increase was due to improved diagnostic techniques,
if this increase really exists in Japan, and it seems unlikely to
explain the long-term continued leveling off of mortality. The
etiology of childhood CNS tumors remains largely unknown.
Environmental factors are suggested to have a relationship with
brain tumors. Further investigation in this field is needed to
identify the incidence trends and reasonable explanations for
these trends in Japan.

A previous childhood cancer mortality study in Japan
presented data up to 1998. Furthermore, trend analysis was
according to the correlation coefficient between the mortality
rate and death year. Our analysis provides an updated mortality
rate and reliable time trend analysis. In general, the mortality
trends observed in other developed countries were compatible
with Japan, although some differences were apparent. For
example, a decrease in mortality during 0—14 years was
observed in leukemia in the United States, Canada, Italy, New
Zealand and Japan; however, the mortality rate from CNS
tumors has decreased in the United States, Canada, UK and
Italy in recent two decades. No evidence of decline appeared
during 1980-2006 in Japan. For lymphoma, the decline

Volume 20 | No. 1| January 2009

occurred relatively late in Japan, compared with a significant
decline without a leveling off period in the United States,
Canada, Italy and UK. There is no simple explanation for these
trend disparities. It is possible that the distribution of the
histology pattern is markedly different among different
countries, even in the same diagnostic group. The possible
causes for these disparities in the childhood cancer death rate
(e.g. late diagnosis, poor treatment quality, lack of health
insurance and difficulty in accessing health care) need to be
studied further.

A high mortality rate was observed in Kochi prefecture in
boys and Tokushima and Kagoshima prefectures in girls. As
mentioned above, the geographic disparity might be due to
differences in cancer incidence and survival in different
regions. Studies of the relationship between social class and
childhood cancer have not been consistent. Research from
Brazil suggested that higher decreases in the mortality rate
were observed in more developed regions, possibly reflecting
better health care [23]. We did not perform a similar ecologic
study here, because of the small number of death, and we
could not even calculate mortality by subtype by prefecture.
Further detailed individual-level study is needed to identify
a more reasonable explanation for the mortality disparities in
childhood cancer.

A few points should be borne in mind when interpreting
these findings. Some stable trends in the present study, such as
mortality in lymphoma, and malignant bone tumors in New
Zealand are more difficult to explain because of the small
absolute number and substantial random variation. Other
limitations included the wide time span and changes in
diagnostic capabilities during the study period, and we were
not able to collect any information on social status,
employment of individuals and other genetic, environmental
factors that would have allowed us to analysis etiological
hypotheses.

Despite these limitations, when considering the absence of
a national cancer registry system in Japan, estimates of
incidence may have their own limitations (for example, they
may be significantly influenced by errors in diagnosis and
classification); evaluation of death may be an alternate effective
method to identify more population-based point estimates of
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mortality from childhood cancer under these circumstances.
Furthermore, the results presented here are based on 100%
national coverage and provide an important baseline for
monitoring the further progress against childhood cancer in
Japan. Analysis of trends in national mortality rates over several
decades may provide additional insight into the burden and
impact of childhood cancer and suggest more targeted avenues
for interventions that further delineate and ultimately reduce
mortality from childhood cancer.

conclusions

The present study provides updated figures and trends in
childhood cancer mortality in Japan and other developed
countries. This will help to estimate care needs and to plan
interventions and the quantity of appropriate childhood cancer
treatment. Comprehensive efforts designed to identify risk
factors for childhood cancer, promote early detection and
reduce morbidity and mortality are warranted.
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Abstract We describe the case of a 1-year-old boy with
partial hypoxanthine-guanine phosphoribosyltransferase
(HPRT) deficiency. At his first visit to the hospital, he
was diagnosed with hyperuricemia and irreversible renal
failure. The misssense mutation Aspl85Gly (554A>G) was
identified in exon 8 of his HPRT gene, and this mutation
was inherited from the mother.

Keywords Renal failure - Partial HPRT deficiency -
HPRT gene - Hyperuricemia - New mutation
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Hypoxanthine-guanine phosphoribosyltransferase (HPRT,
OMIM 308000) is a purine salvage enzyme that converts
the purine bases hypoxanthine and guanine to their respec-
tive mononucleotides using phosphoribosyl-I-pyrophosphate.
HPRT deficiency is an inherited disorder, and it develops
due to a defect in the HPRT gene, which is located on the
long arm of the X-chromosome (Xq26-q27) [3]. The aim of
this report is to present the case of a 1-year-old patient with
partial HPRT deficiency (without neurological or behavioral
abnormalities) suffering from renal failure and to describe a
newly recognized point mutation detected in his HPRT
gene.

Patient report

A one-year-old boy was referred to our hospital because of
bad temper, fever, tachypnea, and passage of renal stones.
He was the only child of nonconsanguineous parents (33-
year-old father and 23-year-old mother). The infant had no
prenatal or birth problems, but he suffered from failure to
thrive since 6 months of age. On admission, physical
examination revealed that the toddler was drowsy and
inactive with tachypnea (55/min) and a pale face. His
height was 70.4 cm (—2.4 SD), his weight was 6.9 kg
(-2.7 SD), blood pressure was 114/54 mmHg, body
temperature was 38.2 C, pulse rate was 180/min, and
neurological evaluations were normal. There was no
evidence of gouty arthritis.

He presented with prominent acidosis (pH, 7.089;
BE, —25.6 mmol/l) caused by renal failure (BUN, 84 mg/
dl; creatinine, 2.1 mg/dl) and hyperuricemia (25.3 mg/dl)
with renal stones, but there were no signs of gout or
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neurological and behavioral abnormalities. Complete blood
cell count revealed mild anemia. Urinalysis showed
moderate hematuria and proteinuria in diluted urine
(<1,005). The clearance of uric acid (Cya) was 5.16 ml/min
and that of creatinine (Cc,) was 17.1 ml/min. The uric acid

Mother
AGCT

Patient

Normal
AGCT

Normal 5'- ATT CCA GAC AAG TIT -3’
lle Pro Asp His Phe
Mutant §'- ATT CCA GGC AAG TTT -3
lle Pro Gly His Phe
a 185

7 Normal 498 bp

exon CCAGA exon8
b CCAGG
Mutant 351 bp BstN | 148 bp

c M b
SN ON )} |
1000

500 499 bp — Normal

351 bp

} Mutant
148 b
b P

Fig. 1 Molecular genetic analysis of the HPRT gene. a Direct
sequencing analysis of the DNA fragment including exons 7 and 8.
DNA segments containing exons 7 and 8 were amplified from
genomic DNA of the patient, his mother, and normal control by
PCR described previously. The fragment was sequenced directly by
the specific primer (HE8A: 5-AGA GAG GCA CAT TTG CCA GT-
3'). A misssense mutation AsplB85Gly (554A>G) in exon 8 of the
patient’s HPRT gene was identified and his mother was the
heterozygous carrier of the mutation showing both A and G bands at
the mutation site. b Detection of the mutant HPRT gene using PCR-
RFLP methods. DNA segments containing exons 7 and 8 were
amplified from genomic DNAs of the patient (£), his mother (M), and
normal control (C). Utilizing restriction enzyme Bst¢ NI the site of CC
(A/T)GG was recognized, mutant fragments including the mutation
(554A>QG) digested to 351 bp and 148 bp were separated from the
normal one (499 bp) using 1.5% agarose gel electrophoresis. The
mother showed both normal and mutant fragments, indicating a
heterozygous carrier

200
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excretion ratio (Cya/Ce;) was 30% (normal, 4-14%). Renal
CT showed one small calculus in each kidney.

The patient was treated with continuous ambulatory
peritoneal dialysis, allopurinol, adequate hydration with urinary
alkalization, and erythropoietin. Due to these treatments, the
serum and the urine uric acid levels were restored to normal.
After a 24-month follow-up, his physical was found to be
normal at the age of 3 years with height of 88.5 cm (—1.2 SD),
body weight of 12.8 kg (—0.5 SD), head circumference of
473 cm (—-1.5S8D), and his neuropsychological status
developmental score was 106.

Enzyme activity of RBC

The HPRT activity in the patient’s RBC was 0.56+
0.28 nmol/min/mg Hb, which decreased to 30% of that in
normal RBC (1.76+0.28 described previously [8]). The
HPRT activity in his mother (heterozygous carrier) was
normal (1.63+0.07). The adenine phosphoribosyltransferase
(APRT) activity in the patient’s RBC (0.77+0.08 nmol/min/
mg Hb) increased to 1.8 times that in the normal RBC (0.42+
0.10) and that of his mother (0.44+0.02), as is typically
described in HPRT deficiency.

Gene analysis

We examined the molecular and genetic basis of the
patient’s condition according to previously described
procedures [8]. By direct sequencing of the fragments,
including exon 8, a transition of 554A>G that resulted in a
missense mutation of Aspl85Gly in the HPRT gene was
observed in the patient and his mother who was a
heterozygous carrier of the mutation (Fig. la). No other
abnormalities were detected in the coding exons of HPRT,
and the same substitution was found in the reverse
transcribed mRNA (cDNA) obtained from the patient (data
not shown). The mutation (554A>G) was easy to detect by
PCR-RFLP analysis utilizing the Bst NI created in the
mutant gene (Fig. 1b).

Discussion

To date, more than 300 different HPRT gene mutations
have been reported in the Lesch-Nyhan syndrome (OMIM
300322) [4, 5]. A missense mutation of Aspl85Gly
(554A>G) in exon 8 of the HPRT gene was identified in
our patient. The alteration in the patient’s enzyme activity
(30% of normal) resulted in the overproduction of uric acid,
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hyperuricemia, and nephrolithiasis. The patient’s mother
was heterozygous for the mutation. To the best of our
knowledge from previous reports [4, 5] and the database in
the website of the Lesch-Nyhan disease international study
group (http://www.lesch-nyhan.org/), the identified muta-
tion has not been previously reported, but some mutations
in exon 8 associated with partial HPRT deficiency were
identified previously.

To the best of our knowledge [1, 2, 6, 7], renal failure
has been rarely reported in the case of partial HPRT
deficiency during infancy. Infant cases present with failure
to thrive, hyperuricemia, and renal insufficiency, which
are identical to our patient’s symptoms. Partial HPRT
deficiency is considered to be rare (one fifth to one tenth
of the incidence of Lesch-Nyhan syndrome); however, its
renal involvement appeared to be frequent. It is important
to increase awareness about partial HPRT deficiency as a
cause of renal failure particularly in infants or toddlers
because renal failure can be controlled with early
allopurinol intervention in most cases.

In conclusion, the prognosis of partial HPRT deficiency
in children and adolescents was considered to be good
when treated with allopurinol, but renal failure in childhood
is one of the life-threatening complications in the case of
partial HPRT deficiency.
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