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ABSTRACT

Backgrolnd: s)utheast Asia is undergoing a transition from infectious to chronic

diseases%a dramatic increase in adult cancers. Childhood cancer research
in Thaila sed predominantly on leukemias and lymphomas or only

H
examined&a short period of time. This comprehensive multi-site study examined
childhoodfcance@r incidence and survival rates in Thailand across all international

classificam:hildhood cancer (ICCC) groups over a 20-year period.

Methods: er cases diagnosed in children ages 0-19 years (n=3,574) from
1990-2011 werg@ extracted from five provincial population-based Thai registries,
covering mately 10% of the population. Descriptive statistics of the quality of
the regisﬁg

using themorld standard population, and relative survival was computed using

the K r method. Changes in incidence and survival were analyzed using

re evaluated. Age-standardized incidence rates were calculated

Joinpoi ession and reported as annual percent changes (APC).
Results: The age-standardized incidence rate of all childhood cancers during the

study per 98.5 per million person-years with 91.0 per million person-years in

1990—20 06.2 per million person-years in 2001-2011. Incidence of all

childhrs increased significantly (APC=1.2%, p<0.01). The top three cancer

group emias, brain tumors, and lymphomas. The 5-year survival for all

childhood'cancers significantly improved from 39.4% in 1990-2000 to 47.2% in 2001-

201 i)

Concl%th childhood cancer incidence and survival rates have increased,
suggesting | vement in the healthcare system as more cases are identified and
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treated. Analyzing childhood cancer trends in low- and middle-income countries can

improve understanding of cancer etiology and pediatric healthcare disparities

{

P

L |
INTRODUETION

While childhood cancer remains relatively rare compared to adult cancers, a

childhood

C

diagnosis is a major medical and psychological stressor with lifelong

impacts, evemiin the context of increasing survival rates. Whereas comprehensive registries

S

in many highiai e countries capture incidence and survival rates, global incidence and

U

survival r ildhood cancers remain less well understood. A global study of childhood

cancers agross 62 different regions found that the age-standardized incidence rate (ASR)

N

was 140.6 per million person-years in children 0-14 years, with the most common cancers

being leu entral nervous system tumors, and lymphomas.' The ASR increased from

a

124.0 erson-years in the 1980s to 140.6 per million person-years in years 2001-

2010." Ov of deaths due to childhood cancer occur in low- and middle-income

V]

countries (LMICs), illustrating how countries with limited resources are confronted with major

healthcardfchallenges in treating pediatric cancer.?* Additionally, deaths due to childhood

f

cancer ar ing in developing regions.* While 80% of young patients with cancer in

Africa are

0

die, 80% in high-income countries survive.® A combination of factors,

including I@ter diagnosis, limited access to imaging facilities and treatment options, and

I

populationespecific genetic and environmental risk factors likely contribute to this disparity

{

between d and developing countries.’

U

In recenledecades, many LMICs—including Thailand—have undergone an

epide ransition, during which disease burden has largely shifted from infectious to

A

chronic.® Many research efforts focus on adult cancer rates, but less is known about
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pediatric cancers in Thailand. In 2001, pediatric oncologists formed the Thai Pediatric
Oncology Group (ThaiPOG) to standardize treatment protocols for diagnosis and treatment
of chiIdWers in Thailand.” ThaiPOG published a report of 999 new cancer cases

from 20 ca @ gistry centers in 2003 with leukemias being the most commonly diagnosed

cancerigroupa@®s6% of the cases).® While this report provided a snapshot of the incidence
of pediatrigs during one year, the report could not elucidate trends of diagnoses or

survival oyer timaito better understand childhood cancer burden in Thailand.

C

s fesearch has shown that overall incidence of childhood cancer in Thailand

was lower, ilshigh-income countries, but incidence rates increased 32.5% from 1988-

U

1994 to 1 .9 Similar to other regions in the world, leukemias, brain tumors, and

lymphoma$ made up the majority of the cases, and there was a peak for incidence between

f

ages 1 and 5 vears."*'® Leukemia incidence and survival rates in southern Thailand

increased\pe b 1990 and 2011 but remained lower than in the United States."" As

a

Thaila to develop and disease burden shifts to non-communicable ilinesses,

cancer tr y become increasingly similar to high-income regions. Understanding these

%

changing trends and disparities in childhood cancer between developed countries and

LMICs m rovide insights to biological and environmental causes of pediatric cancers,

i

resulting i r potential to influence clinical guidelines and health policy.

Q

Th t study reports the overall burden of all childhood cancer (cases occurring

N

in child 19) in Thailand from 1990 to 2011. By analyzing both incidence and

{

surviva m registry data for all cancer cases by sex, age group, and cancer type,

we can better un@erstand the burden of childhood cancer in Thailand and predict future

U

diagnostic an ival rates.

A
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METHODS

Study poalation'
Cncer cases diagnosed between 1990 and 2011 were extracted from five

popula@rmcancer registries in Thailand located in Chiang Mai, Lampang, Khon Kaen,

Songkhla,Wat Thani (Fig. 1). In each hospital or medical center that contributed to

these regiftries, @ases were determined from medical records, pathology reports, imaging

reports, an ital tumor registries using a nationally standardized form."? These data
[¢)

forms we

Association o: 5:cer Registry’s CanReg software program.'?

d for duplication and entered into a database using the International

T ncer registries utilize both active and passive follow-up methods and
track the s of cases from the hospital at which they were treated. '? Children may
move outsid riginal catchment area, so unique national personal identification
numbe, to track patients. In addition to registry-based diagnosis data, mortality
records%étional death registry from Provincial Chief Medical Offices at the Ministry
of Publ ere used to supplement case information.'? Death certificates were

reviewed sd matched with case records at each registry, and cases that were unable to be

traced wer: stered as diagnosed by death certificate only (DCO)."

Data egd variables

C:cancer cases were identified using ICD-O-3 histology and site codes and

ternational classification of childhood cancer (ICCC) groups.™ Twelve
ICCC <ere included: leukemias, lymphomas, brain and spinal neoplasms,
neuroblastomas®etinoblastomas, renal tumors, hepatic tumors, malignant bone tumors, soft

This article is protected by copyright. All rights reserved.
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tissue sarcomas, gonadal and germ cell tumors, malignant epithelial tumors and
melanomas, and other and unspecified malignant neoplasms.® For each case, the data
containWry identification number, date of birth, age, sex, date of diagnosis, date of
last conta @ or dead), site of cancer, histology, method of diagnosis, extension of

cancermr_er of primary tumors."

denominator data for incidence rate calculations came from the Thailand
populatlonUes in 1990, 2000, and 2010 conducted by the National Statistical Office.

These censuges Provided annual estimates by age group (0-4, 5-9, 10-14, and 15-19 years)

$C

and sex i d."™ In between census years, populations were estimated using a log-

U

linear fun een the two adjacent census values, and populations beyond 2010 were

estimatedfand reported by the Office of the National Economic and Social Development

n

Board."®

Statistical an

Ma

Data quality was measured as the percentage of cases morphologically verified

F

(%MV), ases diagnosed based on histology results, and as the percentage of

death ce ly (%DCO) cases."? Since data from Surat Thani were only available in

%C

years 2001- 009, sensitivity analyses were conducted both with and without these cases to

determin e effect on incidence and survival trends.

th

criptive analyses, including case counts and age-specific rates, were conducted

3

to evaluate the dStribution of childhood cancer types. Age-standardized incidence rates
(ASRs) wer lated for each cancer group and were standardized using the Segi world

standar tion estimates. Incidence rates are presented in cases per million by decade

A
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of diagnosis, sex, and age at diagnosis. Incidence rate ratios (IRRs) were used to compare

the ASRs.

Aan incidence trends was completed using Joinpoint Regression Program

version 4. owed for examination of trends using log-linear models and computed
N _ _ o _

annual pesent changes (APC) in age-standardized incidences. Permutation tests

determineﬁpropriate number of joinpoints (years of trend change), the slope of trends

between | ifts, and significance. The Joinpoint Regression Program does not allow for

years wit@se counts. Therefore, if no cases were present for a given year, a half-

case was ﬂ the age group with the largest population.” If more than three half-case

correction eeded for a given ICCC group or subgroup, the APC was not computed.

Re rvival was evaluated using mortality and life tables from the National

Statistics Thailand from 1990 to 2011. Survival analyses excluded cases if their
iagn

basis of d was death certificate only or unknown, if they did not contain any follow-

up inform r if they had an unknown vital status. To analyze relative survival rates, the

surviv. in R was used. Relative survival results were computed using the Ederer ||

method, and survival functions were produced by the Kaplan-Meier survival method. Log-

rank testsged relative survival by sex, decade of diagnosis, and age group. One- and

five-year urvival rates were computed for each ICCC group from 1990 to 2011.

These relati vival trends were then analyzed using Joinpoint Regression under a
piecewi odel.

<
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RESULTS

Data Quality

In m childhood cancer cases were reported between 1990 and 2011. The
Chiang M ontributed the largest proportion of cases (30.2%), while Surat Thani,
N
the newes!registry (with only nine years of data), contributed the fewest (6.8%) (Table 1).
Including Q}m Surat Thani did not significantly affect the trend analyses. Overall,
86.1% of t es were verified histologically, and only 4.2% were diagnosed by death
certificatemIO). Songkhla had the highest %MV at 89.9%, while Surat Thani had the

lowest (% %). Between the first and second decade of diagnosis, case counts

U

increased! ologically verified cases increased by 1.2% and DCO cases decreased by

about 1.1%. The youngest and oldest age groups (0-4 years and 15-19 years) contributed

A

the most c the dataset (28.0% and 30.9%, respectively), while cases that were

d

diagnosediat ears of age only contributed to 19.0% of the dataset. Case counts were

highes ukemias (34.8%), brain and spinal neoplasms (12.3%) and lymphomas

(11.2% ases with ambiguous vital status or diagnosed by DCO or autopsy were

M

removed, there were 3,379 cases (94.5% of the total cases) included in the survival

analyses.

or

Incidence S

n

-Slandardized incidence rate (ASR) from 1990 to 2011 for all cancer groups

{

was 98.5 n person-years (Table 2). Leukemias, brain and spinal neoplasms, and

U

lymphom the three most prevalent cancer groups overall, with ASRs of 36.1, 12.0,

and 10 per million person-years, respectively. Additionally, the age-specific

A

incidence rates Varied by age at diagnosis, with the greatest incidence rate in cases
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diagnosed at 0-4 years (123.7 cases per million person-years) and the lowest age-specific
incidence rate in patients diagnosed at 5-9 years (73.1 cases per million person-years).
From thwade (1990-2000) to the second decade (2001-2011), the ASR of all cancer

groups creased from 91.0 to 106.2 per million person-years (Table 2). The IRR

of childimoeeseameers diagnosed in the second decade compared to the first decade was 1.2

(95% ClI: L-l

In ue overall ASR for all cancer groups was 104.8 per million person-years

for the enw period (Table 2). The three highest ICCC group ASRs among males

were for Iﬁ, lymphomas, and brain and spinal neoplasms, with values of 40.8, 13.6,

and 12.7 n person-years, respectively. In females, the overall ASR for all cancer

groups th!ughout the entire study period was 91.8 cases per million person-years.

ASRs for 1€ E with values of 31.2, 11.4, and 8.6 per million person-years, respectively.
Overal female cancer cases to male cancer cases was 0.8 (95% CI: 0.8, 0.9).
The ASR roblastomas, soft tissue sarcomas, gonadal/germ cell tumors, and

carcinomas and epithelial neoplasms were higher in females than males.

Leukemias: brain ;and spinal neoplasms, and gonadal/germ cell neoplasms had the highest

BabJoinpoint Regression results, overall pediatric cancer incidence increased

significan% (95% CI: 0.8, 1.7) each year (Table 3). Additionally, incidence of
leukemias adal and germ cell neoplasms increased annually, by 1.5% (95% CI: 0.5,
2.5) anﬁA)CI: 0.1, 4.9). For all cancer groups combined, male and female
incidenwre parallel (p>0.05) , but they are not coincident (p<0.01). Joinpoint
Regressio@es suggested multiple trends to best fit the male incidence data. While
early years in tudy period fluctuated between decreasing and increasing trends, the
only si trend was an annual increase of 8.0% in years 2007-2011 (95% CI: 0.6,
15.9). Overall, the average APC for males 1990-2011 was 1.8 (95% CI: -0.9, 4.5).

10
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Leukemias and gonadal and germ cell neoplasms both increased significantly for males, with
an annual increase of 1.6% (95% CI: 0.3, 3.0) and 5.3% (95% CI: 1.3, 9.6). In females, the
APC WMS% Cl: 0.3, 1.7). Leukemias were the only ICCC group for females that

showed aannual change, with an increase of 1.4% per year (95% CI: 0.1, 2.7).

While hethemalessand females had significant annual increases in incidence of leukemias,

the trendsgt coincident (p<0.01).

Survival A

ar relative survival for all childhood cancers was 43.1% (95% CI: 41.1,

ﬁEJSC

45.2) (Ta e highest and lowest five-year relative survival rates were for renal tumors
at 71. 1% . 61.1, 82.7) and neuroblastomas at 20.6% (95% CI:12.7, 33.3),
respectlv ive survival significantly increased (p<0.01) from the first decade (39.4%,
95% Ck ) to the second decade (47.2%, 95% CI: 44.3, 50.3). Five-year relative

survival was higfier in 2001-2011 than 1990-2000 for all ICCC groups except brain and
spinal , gonadal and germ cell tumors, and bone tumors. However, in all groups
and subgrsps with lower survival in the second decade, the change was not significant. The

one-year mate for all childhood cancers was 70.1% (95% CI: 68.5, 71.8)

(Supplem able S1), with higher one-year survival rates in the second decade (73.5%

(95% CI: .7)) compared to the first decade (66.1% (95% CI: 63.6, 68.6)) and higher

survival rates in females (72.4% (95%Cl: 70.1, 74.8)) compared to males (68.2% (95% CI:

65.9, 70.

Five-year relative survival of all ICCC groups combined was relatively the same for

...mg

(95% CI: 40.7, 48°4) for 0-4 years at diagnosis. Age groups 0-4 years showed a significant

all age ranging from 40.7% (95% CI: 36.2, 45. 7) for 5-9 years at diagnosis to 44.4%

11
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improvement in survival change per year (Supplementary Table S2). One-year relative
survival increased 1.3% each year (95% CI: 0.8, 1.8) for cases diagnosed at 0-4 years; and
five-yemurvival increased 1.0% each year (95% CI: 0.4, 1.7) for the same age

group. Rval was coincident between age groups 0-4 and 15-19 years and

betweem agesgnemps 5-9 and 10-14 years.

L

Thegelative survival of females for all ICCC groups combined was significantly higher
than form 0.01). For all cancer groups combined, females had a relative five-year
survival o %N95% Cl: 46.3, 52.5) while males had a relative survival of 37.7% (95% CI:

35.0, 40.34). One-year and five-year relative survival rates in both males and

females i significantly per year (Fig. 2). One-year survival increased by 0.8% per
year (95°/<§I: 0.4, 1.2) for males and increased by 0.7% per year (95% CI: 0.3, 1.2) for

females when examining the full years of follow-up data (Supplementary Table S2). Five-

year survival ased by 1.1% per year (95% ClI: 0.3, 1.8) for males and 0.9% per year
(95% Y for females. We observed that survival trends between males and females
were par: .05), meaning both male and female trends have similar slopes. However,

the trends between males and females for all survival intervals were not coincident or equal
(p<0.05). §herefore, despite the difference in survival rates for males and females, the

changes t | trends were occurring similarly in males and females. When analysis of

O

survival w icted to the 1990-2006 cohort, which has full five-year follow-up, we

observed 8imilar and consistent results (Supplementary Table S2).

I

Aut

12
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DISCUSSION

Using data from five high-quality population-based cancer registries in Thailand, we

,t

¥

report incidence and survival rates of cancer in children ages 0-19 years from 1990 to 2011.
Over 86.1 Q€ cases were verified histologically, indicating the robust data quality of the

cancer¥fe “The overall ASR for all cancer groups was 98.5 cases per million person-

I

years, an three cancer groups were leukemias, brain tumors, and lymphomas.

Cancer ingidencgyincreased significantly each year during the study period. Five-year

C

relative suf¥iy, ross all cancers was 43.1%, with females typically having higher rates of

S

survival than males. One-year and five-year relative survival rates were generally increasing

L

from the first to ond decade, with significant gains in each leukemia subgroups (ALL,

AML, uns , Burkitt's lymphoma, overall lymphomas ICCC gorup, and other and

n

unspecifi sms. The few cancer groups that showed decreasing trends in survival

were not stat % lly significant.

d

mias contribute roughly one-third of the pediatric cancer cases in Thailand.

ALL is mon, with an ASR of 22.2 per million person-years, and AML has an ASR of

7.8 per million person-years. Both AML and ALL incidence rates were increasing significantly

3

per year, was increasing at a faster rate (APC: 2.63%, 95% CI: 0.31, 5.01)
comparedQAPC: 1.35%, 95% CI: 0.13, 2.58). Similar to incidence trends, the 5-year

relative su as higher in ALL at 44.2% (95%CI: 40.0, 48.7) than AML at 22.1% (95%

g

Cl: 17.0, 28.8). Both ALL and AML survival rates were increasing significantly by decade of

diagno

t

L]

Germ cell®umor incidence showed a significant increase in the male population, with
an APC of 5 hile our analysis is unable to draw conclusions about the cause of this

increas the males, we cannot rule out that these cases were previously undetected

A

and therefore underreported in earlier time periods.
13
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A previous Thai study examining data between 1995-1997 found comparable rates of
incidence.® This study used data from four of the same registries (Khon Kaen, Chiang Mai,
LampaMngkhla) but also included an additional registry in Bangkok. We elected not
to utilize t @ ok registry due to the fluidity of the population and difficulty in obtaining
accuraie umeenlyimg population estimates. Similar to the findings in this study, leukemias,
central nehstem neoplasms, and lymphomas were the most common childhood

cancers. Additionally, an examination of childhood leukemia in Songkhla and the United

¢

States shqwegssigilar incidence rates and trends as our report of Thai registries.”’ The

S

population sition in Songkhla is unique compared to other regions; select religious

groups in this redibn show significantly different rates of adult cancer."” Population and

H

cultural fa h as these may impact incidence and survival.

N

Thai childhood cancer rates were similar to those in other Asian countries. In Taiwan,

the ASR f@r a dhood cancers cases diagnosed 1996-2010 in children 0-14 years was

>

121.7 wrand, in China, childhood cancer patients diagnosed 2000-2010 ages 0-14

years ha of 87.1 per million.”' The ASR in Taiwan has been increasing at the

Vi

same rate as in Thailand, 1.2% per year, while China’s childhood cancer incidence rate is

increasindlat 2.8% annually.’®"? A global study evaluating 5-year survival rates of childhood

;

leukemia found that patients in Thailand have lower survival rates than comparable

O

population wan, Japan, Malaysia, Korea, and India.?

h

increases in both incidence and survival in Thailand, high-income

[

countries; g the United States, continue to show higher childhood cancer incidence

and survival rate® """ The lower incidence in Thailand may be driven by lack of access to

Ul

diagnostic an ging facilities and other shortages in healthcare resources. Not only does

childh er infrastructure differ between developed and developing countries, but there

A

14
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are also clinical training and awareness differences which may prime physicians in high-

income countries to look for signs of cancer earlier than physicians in developing countries.

Wrnecological nature of a registry analysis does not provide opportunity for

evaluatio ial risk factors, making us unable to discern if evolving trends are due to
N . . . .

changes |!r|sk factors, diagnostic factors, or external causes, the registry data did offer a

large samﬁcovering several years. The registries may have been less precise in the

first deca ared to the second decade, but including data over a longer period of time

allows for rebust trend analysis. Additionally, establishment of population-based cancer

S

registries twork of cancer surveillance systems has been a priority of the Thai

U

governm e registries have been working to identify cases from their regional

hospitals, @utpatient care centers, and diagnostic labs for multiple decades. The data has a

fi

low rate of death certificate only cases and a high rate of histologically confirmed cases,

indicating Wi lity data. It is also possible that registries missed cases. However, this

a

was mi two factors: 1) Thailand offers universal healthcare, so most Thai citizens

are likel ome form of health services, and 2) registry data were collected from

\%

several different sources to optimize case ascertainment.

In

I

childhood cancer incidence and survival rates may suggest improvements

in pediatri @ detection, diagnosis, and treatment. Thailand also experienced several

socioeconQmi anges during the study period, including the introduction of universal

n

health ich,may positively impact case reporting and treatment. Following the

[

adoptio sal healthcare, utilization of health services in Thailand has increased,

specifically for loW-income, unemployed, or chronically-ill patients. Patient populations who

Ul

may have pre ly gone undetected are more likely to seek healthcare services. Other

chang as increasingly Westernized diets and automobile pollution, could also be

A

impacting incidence rates. With mortality and morbidity burden related to childhood cancer

15
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increasing worldwide, it is important to better understand disease trends to effectively

diagnose and treat those affected by the range of childhood cancers. This work provides the

{

foundation®for understanding the burden of childhood cancer in Thailand, and registry
analyses @ ue to offer insights to cancer diagnosis and treatment programs.

[ ]
While our work contributes to understanding the incidence and survival of childhood

cancer in Thailagd, future investigations of specific risks and nuances of different cancer

G

types ma ausal links. Future research in LMICs should continue to examine risk

factors forfcaficeBoccurrence and death, as well as examine predictors of late sequelae of

$

treatment en the knowledge of global childhood cancer and improve medical

U

protocols e.

Author Man
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LEGENDS
TABLE 1 iase c'unts, case frequencies, and quality of registry data by descriptive factors.

TABLE 2 @ ific and age-standardized incidence rates (ASRs) for ICCC groups and
Wbm Incidence by age at diagnosis was calculated using age-specific rates,
whi Il incidence, incidence by decade of diagnosis, and incidence by sex were

calg¢tilatedfusing age-standardized rates. ASRs are represented as rates per million

Cl

persan- rs.

TABLE 3 Annual percent change (APC) in incidence by ICCC group, subgroup, and sex.

APC (% % Cl)) was evaluated using log-linear models from Joinpoint Regression

angn asterisk (*) denotes a p-value <0.05 and 0.5 cases were added to age
gro

the largest population when there were no cases of that ICCC group or

)

sur a given year. If more than three 0.5-case corrections were needed, the

t computed.

TABL -year relative survival (% (95% CI)) for ICCC groups and subgroups. Relative
survival was calculated using the Kaplan-Meier method. Overall five-year relative

Su

by agnosis, decade of diagnosis, and sex.

is_.shown for ICCC groups and subgroup along with five-year relative survival
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FIGURE 1 Map of Thailand showing the five provinicial population-based registries from

which childhood cancer cases diagnosed 1990-2011 were extracted.

SONGKHLA
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FIGURE 2 Relative survival rates of all ICCC groups combined are shown for males,
females, and both sexes together. Blue denotes males, red denotes females, and
Wes both sexes combined. Beta values represent the amount of change in

su @ year. One-year relative survival (A) and five-year relative survival (B) are

bothmsignificantly increasing per year for males, females, and both sexes together. An

ast“denotes a p-value <0.05.

>

o
o

o
3

to 1 Year

o
e}

Proportion Surviving

051 * *

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
Year of Diagnosis

+ All 1990-2011 Beta=0.008 * ¢ Male 1990-2011 Beta=0.008 * * Female 1990-2011 Beta=0.007 *

vs)

to 5 Years
o o o
=N C.Iﬂ [=2]

o
w

Proportion Surviving

o
o

1990 1992 1994 1996 1998 2000 2002 2004 2006
Year of Diagnosis

+ All 1990-2006 Beta=0.009 * ¢ Male 1990-2006 Beta=0.011 * ¢ Female 1990-2006 Beta=0.009 *
|
SUPPLEV\;Y TABLE S1 One-year relative survival (% (95% Cl)) for ICCC groups and

ps. Relative survival was calculated using the Kaplan-Meier method. Overall

one-year rélative survival is shown for ICCC groups and subgroup along with one-

24
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year relative survival by age at diagnosis, decade of diagnosis, and sex.

SUPPLE*NTABY TABLE S2. One- and five-year relative survival (% (95% CI)) by sex and
age nosis with full (1990-2011) and restricted (1990-2006) cohorts. The
per in one- and five-year relative survival per year is shown for the
N
resfsicted cohort (A), in which one-and five-year survival have the same follow-up
years Relative survival by sex is also shown using the full cohort, in which all
ava llow-up data are used for one-year survival (B). Percent change in relative
su

rw year by age group at diagnosis is also shown with the restricted cohort

C)ﬁr the full cohort (D).

—~

C
(O
=
-
O
L
e
-
<
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TABLE 1 Case counts, case frequencies, and quality of registry data by descriptive factors

H Cases (%) %MV'  %DCO?

Registry

P

Chiafig Vi 1,080 30.2 87.1 2.7

Khon KaL 970 27.1 84.4 3.8

Lampan‘ ’ 435 12.2 86.2 4.6

Songkhl 845 23.6 899 3.9

Surat Thm 244 6.8 75.4 12.7
Sex s

Male C 1,939 543 86.2 4.6

Female 1,635 457 86.1 3.7
Decade of i E

199 1,645 46.0 855 4.8

2001-2011 1,929 540 86.7 3.7

s 1,002 28.0 87.1 3.9
5-9 678 19.0 86.0 4.0
10-14 O 790 221 86.7 4.1
15-19 C 1,104 309 85.0 4.7
Iccc? Groui .

Leukemi 1,245 34.8 98.6 1.4
Lymph0: 402 11.2 99.8 0.2

Brain al Neoplasms 440 12.3 58.0 6.8

Neuroblas 96 2.7 99.0 0.0
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Retinoblastomas

Renal Tumors

Hepatlclumors

Ma”g”a”s‘

Soft MissueSame@mas

Gonadahm Cell Neoplasms

Maligna‘t Epit)lial Neoplasms
Other acug
All Registries, 1990-

1 %MV is the percen

29%DCO is th

® Internatio

TABLE 2 Age-speci

(O

76 2.1 98.7 0.0
94 2.6 81.9 1.1
78 2.2 48.7 9.0
190 5.3 91.6 3.7
178 5.0 100.0 0.0
248 6.9 93.1 0.0
307 8.6 99.7 0.0
cified Neoplasms 220 6.1 0.1 39.1
2011 3,574 100.0 86.1 4.2

f cases morphologically verified

of cases diagnosed by death certificate only

cation of Childhood Cancer

tandardized incidence rates (ASRs) for ICCC groups and subgroups by age at

diagnosis, decade of dia and sex
Age at Diagnosis’ Decade of Diagnosis* Sex'
10- 15-

ICCC Group Overall | v, 59 1990 2001 95 95

14 19 R Femal IR |

Year VYear - - R % | Male R %

Year Year a e a

s S 2000 2011
s s
1.0, 0.7,
|l. LEUKEMIA . 55.9 314 27.7 233 334 389 1.2 13 40.8 31.2 0.7 0.8
Acute

. 1.0, 0.6,
lymphoblastic 22.2 37.2 228 149 8.9 21.2 23.2 1.1 13 25.8 18.5 0.7 0.8

leukemia ' '
Acute myeloid 1.1, 0.7,

. 9.5 5.4 8.0 7.9 6.3 9.2 1.4 8.2 7.4 0.9

leukemia 1.8 1.1
. 0.7, 0.6,
Unspecified 4, 8.4 2.6 3.2 4.2 4.8 4.9 1.0 T 5.2 4.4 0.8 11
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Il. LYMPHOMA 10.3

Hodgkin
lymphoma

Non-hodgkin

lymphoma -

Burkitts lymphoma

Unspecified

lll. BRAIN AND

SPINAL NEOPLASMS -

Astrocytomas

PNETs and
medulloblastoma

Unspecified

—~

V.

NEUROBLASTOMA i

V.
RETINOBLASTOMA 1§

V1. RENAL TUMORS @

2.7

VII. HEPATIC -
TUMORS L -
VIIl. MALIGNANT

4.5

BONE TUMORS

4

IX. SOFT TISSUE
SARCOMAS

RhabdomyosarcG 4‘
ma

6.4

0.6

1.2

0.9

123

2.7

3.8

4.3

8.2

8.5

9.0

3.3

11

5.3

3.2

9.8

2.5

51

14

0.6

14.6

3.2

3.4

6.7

2.0

0.6

15

14

2.0

2.7

1.2

10.7

2.4

6.0

0.5

1.6

12

3.0

2.8

5.0

0.5

0.1

0.2

0.9

7.7

4.3

14

15.5

3.1

9.0

0.4

2.7

8.9

3.7

0.5

3.9

0.6

0.0

0.5

2.9

8.7

6.8

1.2

9.5

1.5

4.2

0.9

1.7

111

2.8

2.8

4.9

3.5

2.5

2.5

2.2

4.4

4.3

2.0

11.1

2.5

6.2

1.0

1.0

13.0

3.5

2.7

5.1

2.9

3.0

4.0

2.2

4.7

5.2

1.7
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1.2

1.7

1.5

1.1

0.6

1.2

1.3

1.0

1.1

0.8

1.2

1.6

1.0

11

1.3

0.9

1.0,
1.5

1.1,
2.7

1.1,
2.0

0.6,
2.2

0.3,
1.0

1.0,
14

0.9,
1.9

0.6,
15

0.8,
14

0.6,
1.2

0.8,
1.9

1.0,
2.4

0.6,
1.5

0.8,
14

0.9,
1.7

0.5,
1.5

13.6

3.1

6.5

1.5

1.8

12.7

3.1

3.1

5.3

2.7

2.7

3.2

2.9

5.3

4.5

1.9

6.8

1.0

3.8

0.3

0.9

11.4

3.2

2.4

4.6

3.7

2.8

3.3

15

3.8

5.1

1.7

0.5

0.3

0.6

0.2

0.5

0.9

1.0

0.7

0.8

1.3

1.0

1.0

0.5

0.7

1.1

0.9

0.4,
0.6

0.2,
0.5

0.4,
0.8

0.1,
0.5

0.3,
0.9

0.7,
1.0

0.7,
1.4

0.5,
11

0.6,
11

0.9,
1.9

0.6,
1.6

0.7,
15

0.3,
0.8

0.5,
0.9

0.8,
15

0.5,
1.5
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0.9, 1.0,
Other specified 1.2 1.0 1.4 3.6 1.3 2.1 1.5 1.3 2.1 1.6
2.5 2.6
X. GONADAL AND 0. 17
GERM CELL 3 24 67 130 55 68 12 1‘ 6’ 3.8 86 22 2‘ 9’
NEOPLASMS ’ '
Xl. CARCINOMAS m
1.0, 1.1,
AND EPITHELIAL 1.7 2.4 7.2 20.0 6.5 8.0 1.2 16 6.1 8.3 1.3 17
NEOPLASMS ’ ’
Xll. OTHER AND
0.9, 0.6,
UNSPECIFIED 8.0 2.3 4.3 9.2 5.6 6.4 1.2 1s 6.7 53 0.8 10
NEOPLASMS ’ '
123. 109. 106. 1.1, | 104. 0.8,
All Cancer Groups 73.1 82.2 91.0 1.2 91.8 0.8
7 4 2 1.3 8 0.9
1Age-stanogdized incidence rates calculated per 1,000,000 person-years
2 Age-specmnce rates
TABLE 3 Annual percent change (APC) in incidence by ICCC group, subgroup, and sex
L lo) 1] By Sex
vera
0,
ICCC Gr APC (95% Cl)
APC (95% Cl)
Males Females
1.4* (0.1,
I. LEUKEMIA 1.5* (0.5, 2.5) 1.6* (0.3,3.0) 27)
H _ _ 1.7 (-0.3,
Acutﬂblastlc leukemia 1.4* (0.1, 2.6) 1.3 (-0.2, 2.8) 3.6)
] 2.1(-0.7,
leukemia 2.6*(0.3,5.0) 2.9*(0.2,5.8) 5.0)
-2.6(-6.4,
-1.6(-4.5,1.4) -0.0(-3.6,3.7)
1.4)
29
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Il. LYMPHOMA

H

Non lymphoma

ymphoma

homa

{

w
<A
ﬁ

I1l. BRA AL NEOPLASMS

S

Astrocytom

Ul

PNETS and medulloblastoma

N

Uns

STOMA

< <
M

OMA

{

VI. REN RS

O

VII. HEP MORS

VII. BONE TUMORS

th

IX. SOFT TISS ARCOMAS

Ul

osarcoma

A

Other specified

1.4 (-0.1,2.9)

3.9%(1.1,6.8)

3.5%(1.1,6.0)

-0.2(-3.6,3.4)

-5.8* (-8.8, -
2.7)

0.6 (-1.1,2.3)

1.8 (-0.5, 4.1)

0.3(-3.0,3.7)

-1.2 (-3.7,1.5)

0.1(-2.8, 3.0)

0.5(-2.9,4.0)

2.5(-2.0,7.2)

-1.6 (-5.2, 2.0)

0.7 (-1.7,3.1)

1.2 (-0.7,3.1)

-0.3(-3.9, 3.5)

4.0* (0.5, 7.6)

This article is protected by copyright. All rights reserved.

1.5(-0.3, 3.3)
2.5(-0.4,5.6)
3.4*(0.6, 6.3)
-1.5(-5.3,2.4)

-4.2* (-7.5,-0.7)

1.2 (-0.7, 3.4)

4.9% (1.3, 8.6)

1.3 (-2.9,5.7)

-1.9 (-5.0, 1.4)

-1.8 (-6.9, 3.5)

4.4 (-1.1,10.2)

2.0 (-2.7,6.9)

0.4 (-4.4, 5.5)

-0.5(-4.0, 3.2)

0.2 (-3.4,3.2)

N/A*

N/A*

1.1(-1.4,
3.7)

N/A*

4.1* (0.1,
8.1)

N/A*
N/A !
0.2 (-2.5,

3.0)

0.7 (-4.2,
5.9)

1.2 (-5.3,
3.1)

-0.4 (-4.0,
3.4))

0.4(-2.2,
3.1)

2.2 (-6.5,
2.3)

2.8(-2.3,
8.1)

-2.4(-7.6,
3.1)

1.4 (-2.6,
5.7)

1.6 (-2.3,
5.7)

0.2 (-4.0,
4.5)

4.0% (-0.1,
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X. GON‘DAL yERM CELL NEOPLASMS

AS &
I
XIl. OTHER & UNSPECIFIED NEOPLASMS

O
-

8.2)
1.1(-1.3,
2.4%(0.1,4.9) | 5.3*(1.3,9.6) (
3.7)
1.8(-0.9,
XI. CAR @ EPITHELIAL NEOPLASMS | 1.9 (-0.1, 3.9) 1.8 (-1.6, 5.3) 45)
-0.8(-3.8,
0.6 (-1.9, 3.2) 0.8 (-2.7, 4.4)
2.3)
1990-1999: -1.0 (-
2.9,0.9)
1999-2003: 6.0 (-
3.8,16.7) 1.0 (0.3,
1.2(0.8,1.7)
2003-2007: -2.1 (- 1.7)
10.6, 7.3)
2007-2011: 8.0%
(0.6, 15.9)

* p<0.0C

'More thalf-case corrections would be needed for years without any cases, so APC was

not computed

=
S
£
-
<

This article is protected by copyright. All rights reserved.

31



Childhood Cancer Incidence & Survival in Thailand

TABLE 4 Five-year relative survival (% (95% Cl)) for ICCC groups and subgroups by age at diagnosis, decade of
diagnosis, and sex

. . Decade of
Age at Diagnosis . . Sex
Diagnosis
ICCC Group
1990- 2001-
0-4 5-9 10-14 15-19 Male  Female
2000 2011
22.4 30.6 43.7 34.3 39.7
44.0(38.7, 37.3(31.0, 35.0(28.6,
1. LEUKEMIAS (16.7, (26.7, (38.9, (30.2, (34.8,
50.0) 44.8) 42.7)
30.0) 35.1) 49.0) 38.8) 45.2)
21.8 38.3 52.3 41.4 48.2
48.6(42.2, 42.5(34.9, 49.4(40.7,
ALL (13.3, (33.1, (46.0, (36.1, (41.9,
55.9) 51.7) 59.9)
35.5) 44.2) 59.4) 47.4) 55.6)
21.6 16.0 26.5 20.2 24.5
23.6(15.1, 29.0(17.4, 16.3(8.6,
AML (13.5, (9.9, (19.5, (14.0, (16.9,
36.9) 48.3) 30.8)
34.7) 25.8) 36.1) 29.1) 35.4)
23.1 39.3 26.3 32.9
i 51.8(38.0, 17.5(7.4, 22.4(9.5 14.6 (6.3,
Unspecified (14.7, (26.4, (16.7, (21.7,
70.8) 41.6) 52.8) 33.8)
36.3) 58.4) 41.4) 49.7)
40.5 44.0 53.1 47.8 51.3
57.7 (445, 57.9(45.7, 52.1(41.3,
1I. LYMPHOMAS (31.8, (36.6, (43.9, (40.5, (42.1,
74.8) 73.4) 65.6)
51.6) 53.0) 64.3) 56.6) 62.6)
100.2 53.4 74.0 60.6 64.7 89.0
) 75.3(54.0, 81.8(60.9,
Hodgkin lymphoma (100.2, 105.0) 109.9) (35.0, (57.2, (41.7, (50.1, (75.9,
100.2) ' ’ 81.7) 95.6) 88.0) 83.6) 104.3)
) 43.8 43.3 49.1 445 493
Non-Hodgkin 46.8 (28.1, 48.3(33.3, 49.0(35.6,
o 77.8) 70.) 67.4) (33.4, (33.3, (38.6, (35.1, (38.0,
m m . B .
ymphoma 57.4) 56.4) 62.4) 56.6) 64.1)
15.4 77.0 41.7 33.3
. 53.6 (29.9, 64.2 (42.4, 0.0 (0.0, 0.0 (0.0,
Burkitt lymphoma (5.1, (58.0, (24.1, (10.3,
95.9) 97.3) 0.0) 0.0)
47.0) 102.4) 72.2) 108.2)
25.7 30.5 45.3 35.7 31.0
. 57.3(28.2, 33.3(10.3, 35.2(17.3,
Unspecified (12.2, (17.6, (24.8, (20.1, (14.9,
116.7) 108.3) 71.7)
54.1) 52.8) 83.1) 63.5) 64.6)
39.4 36.7 31.6 32.4 35.9
11l. BRAIN AND SPINAL 20.0(12.0, 34.7(26.1, 40.3(31.0,
NEOPLASMS 33.4) 46.1) 52.4) (28.6, (29.8, (24.7, (25.7, (28.7,
’ ' ’ 54.3) 45.3) 40.5) 40.8) 44.9)
Astrocytomas 27.5(13.1, 34.9(19.3, 40.3(24.6, 33 13 6.6 355 331
58.1) 63.1) 66.1) (18.8, (29.6, (16.0, (23.3, (21.7,

32
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46.4) 58.8) 60.3) 44.2) 54.0) 50.4)
29.3 31.2 27.6 28.8 30.6
PNETs and 19.4(8.9, 37.4(229, 35.0(20.4, 0.1(0.0,
dulloblast 20.6, 41.9) 61.0) 60.1) 0.5) (20.2, (15.8, (17.7, (18.8,
medufloblastoma : : : : 48.1) 48.4) 46.7) 49.9)
36.5 35.8 28.7 25.2 40.8
. 0.0 (0.0, 32.4(20.0, 41.5(27.6,
Unspecified (22.0, (25.5, (18.3, (16.3, (29.8,
7.1) 52.6) 62.5)
60.7) 50.3) 45.0) 39.1) 55.9)
100.2 15.9 27.6 29.3
21.5(12.2, 14.5(4.8, 16.7 (4.2, 9.0(2.9,
IV. NEUROBLASTOMAS (100.2, (7.8, (151.2, (17.9,
38.0) 43.7) 6.6) 27.5)
100.2) 32.4) 50.2) 47.9)
100.1 57.2 61.2 53.1 64.3
58.7 (46.6, 60.0(32.1,
V. RETINOBLASTOMAS 74.0) 112.5) (100.1, NA (40.8, (46.7, (36.5, (49.9,
’ ' 100.1) 80.2) 80.3) 77.2) 82.8)
33.4 62.9 75.7 79.8 62.3
78.9(69.3, 43.0(20.8, 50.0(18.8,
VI. RENAL TUMORS (10.3, (46.9, (63.9, (67.2, (48.3,
90.0) 88.7) 133.3)
108.5) 84.5) 89.8) 94.9) 80.4)
25.8 27.6 30.1
35.9(19.1, 0.0 (0.0, 37.6(16.9, 19.9(8.8, 17.3 (6.5,
VII. HEPATIC TUMORS (13.6, (15.2, (18.1,
67.2) 0.0) 83.7) 44.8) 46.4)
48.9) 50.2) 50.3)
28.9 30.3 233 25.1 30.7
VIIl. MALIGNANT BONE 75.3(52.0, 12.9(3.7, 22.9(13.7,
TUMORS 109.2) 44.9) 38.3) (19.2, (21.0, (14.4, (17.1, (20.8,
’ ' ’ 43.5) 43.6) 37.9) 37.0) 48.5)
41.9 43.4 48.6 39.3 52.9
IX. SOFT TISSUE 41.5(28.1, ©55.7(34.1, 49.1(34.7,
SARCOMAS 61.3) 01.2) 69.5) (28.5, (32.5, (37.2, (28.6, (41.5,
’ ' ’ 61.6) 58.0) 63.3) 54.2) 67.4)
29.6 26.7 23.4 34.2
35.5(20.8, 31.2(12.3, 209(75  13.7(3.7,
Rhabdomyosarcoma (17.2, (13.9, (12.3, (20.0,
60.7) 79.0) 58.4) 50.8)
51.2) 51.1) 44.4) 58.3)
100.2 73.3 63.7 79.5 67.4 77.8
o 55.8 (32.5, 75.9 (52.3,
Other specified 95.8) (100.2, 110.4) (57.9, (45.2, (65.5, (49.4, (62.9,
’ 100.2) ’ 92.7) 89.8) 96.7) 91.9) 96.2)
67.7 66.1 63.4 48.0 70.8
X. GONADAL AND 443(27.4, 78.7(60.5, 61.9(49.7,
GERM CELL NEOPLASMS 71.4) 102.5) 77.1) (58.7, (57.1, (53.9, (359, (63.3,
’ ' ' 78.1) 76.5) 74.6) 64.3) 79.4)
58.5 58.7 63.4 40.8 75.6
XI. MALIGNANT 31.4(14.2, 57.7(39.5, 74.1(62.9,
EPITHELIAL NEOPLASMS 69.4) 84.2) 87.3) (509, (50.3, (55.0, (32.0, (68.4,
’ ' ' 67.3) 68.6) 73.2) 52.0) 83.6)
XIl. OTHER AND 50.9 40.2 59.2 57.3 45.4
56.4(42.0, 62.6(34.7, 39.0(18.2,
UNSPECIFIED (37.9, (27.1, (47.0, (44.5, (32.2,
75.7) 112.8) 83.6)
NEOPLASMS 68.4) 59.7) 74.7) 73.7) 63.9)
42.5 39.4 47.2 37.7 49.2
All Cancer Groups 44.4(40.7, 40.7(36.2, 443 (403,
(39.0, (36.7, (44.3, (35.0, (46.3,
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