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This study aimed to analyze burden of STS and GIST in population and survival rate which represented
the current situation of treatment in Thailand. The data was collected from five population-based
cancer registries around the country for the period 2001 through 2015. The Segi world standard
population was used to calculated age-standardized incidence rates (ASR). Standardized rate ratios
(SRR) were used to compare populations. Joinpoint Trend Analysis was used to assess changes in
incidence. STATA was used to examine patient survival rates. During the study period, 4080 cases of
STS and 457 cases of GIST were reported. The ASR of STS and GIST was 2.14/100,000 person-years
and 0.22/100,000 person-years, respectively. The most common histological types of STS were
unspecified sarcoma (24.8%), leiomyosarcoma (19.0%) and liposarcoma (11.4%). The overall ASR of
STS in Thailand was relatively low compared to Western countries. The five-year survival rate was
62.6% for STS and 63.4% for GIST, which was comparable to the rates reported in other countries.
This is the first report of STS and GIST from PBCRs in Thailand. Based on current healthcare service, an
overall survival rates of STS and GIST are comparable to those reported from others.
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ICD-O-3 The third edition of the International Classification of Diseases for Oncology
SRR Standardized rate ratios

APC Annual percent change

MV Morphological verification

DCO Death certificate only verification

STS Soft tissue sarcoma

GIST Gastrointestinal stromal tumor
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UPS Undifferentiated pleomorphic sarcoma
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MFH Malignant fibrous histiocytoma
MPNST  Malignant peripheral nerve sheath tumors

Sarcomas are rare malignant mesenchymal neoplasms, accounting for 1% of all malignant tumors'. Radiology
divides sarcomas into two types: bone sarcomas (dense tissue-like sarcomas that partially blocks X-rays) and soft
tissue sarcomas (soft tissue which allows X-rays to pass easily). The American Cancer Society has stated that soft
tissue sarcoma (STS) can occur in connective and soft tissues in any part of the body as well as in visceral organs?.
Visceral sarcomas are not currently classified as STS by the World Health Organization (WHO)! although gas-
trointestinal stromal tumors (GIST) are included in the 2013 WHO classification of STS**. Whereas, the most
studies report the combined incidence of STS and visceral sarcoma, but report GIST incidence separately. For
worldwide comparisons, the latter criteria were used to report in this study.

Most population-based studies on STS incidence have been undertaken in Western countries®® and include
only limited information on the Asian countries'®!!. The actual overall incidence of STS in each histological type
is still uncertain since to the difficulty in determining a definite diagnosis related to histological heterogeneities
and the lack of specific molecular identification. In comprehensive reviews of Western countries, STS has been
estimated to account for 0.7-1% and 4-8% of all malignant tumors in adults and children, respectively'>'*. For
Thailand, three population-based cancer registry (PBCR) reports covering the periods 1988-1991'%, 1995-1997",
and 2003-2005' present the incidence of childhood cancer at the national level. From these reports, STS
accounted for 4.2-4.9% of all malignant tumors in children. The incidence and survival rates of childhood STS
have been reported for the period 1985-2010 in Khon Kaen, a province in northeastern Thailand'”. That report
showed rhabdomyosarcoma and fibrosarcoma to be the most common histological types of STS in children.
That incidence rate is relatively low when compared to the rate in other Asian and Western countries, but the
age-related patterns of rhabdomyosarcoma and fibrosarcoma were similar to those seen elsewhere!*!>. The
overall survival rate for STS in children in Khon Kaen was lower than in developed countries'®!”. Most studies
in Thailand are case reports or clinic-pathological data analyses from individual hospitals and mainly focus on
organ-specific sarcomas or groups of tumors and report on both carcinomas and sarcomas. Tumors of female
reproductive organs are the most frequently presented in those reports. To date, no epidemiology research reports
focusing exclusively on STS in Thailand have been published.

This study is the first report of the incidence rate of STS and GIST in Thailand. Population-based cancer
registry data for the years 2001 to 2015 was obtained from five PBCRs located in different regions of the coun-
try. In addition to gender, the incidence rate and survival rate of STS, as well as specific histological types and
primary sites were recorded. This information is crucial in evaluating the overall quality of healthcare services
in the country as well as in identifying gaps of improvements in medical care.

Results

Demographic data. Supplementary Figure S1A shows the geographic location of the 5 PBCRs in 5 Thai
provinces. In 2015, Chiang Mai, the largest province in northern region and fifth largest in Thailand, had approx-
imately 1.6 million people. With a population of 0.7 million people, Lampang, is the third largest province in
the north (thirty-third largest in Thailand). Khon Kaen, the second largest province in the northeast and fourth
largest in Thailand, had a population of over 1.7 million people. Bangkok, Thailand’s capital and largest city, had
a population of around 5.5 million people. Songkhla, the third largest province in the country in area and second
largest in the southern region, had 1.4 million inhabitants (eleventh most populous in the nation). These five
provinces had a combined total of 11 million people, accounting for 16.9% of Thailand’s population. Because
of a decline in the birth rate, in part due to Thailand’s National Family Planning Policy, Thailand’s population
structure has undergone a “pyramid-to-pillar transition since 1970. Together with an increased life expectancy,
the demographic structure of each of these provinces has been of a constrictive type during study period (Sup-
plementary Fig. S1B).

Data quality. A total of 4080 cases of STS and 457 cases of GIST were identified and recorded in the five
PBCRs registries during the study period (Supplementary Table S1). The average percentage of cases of STS diag-
nosed by morphological verification (MV) was 99.7% (range 99.1-100.0%) and of GIST was 99.4% (range 98.2-
100.0%). No cases were verified by death certificate only (DCO). For STS, verification of 12 cases (0.3%) involved
histological and physical examinations, 5 cases (0.1%) used endoscopy and radiology, and 2 cases (0.05%) used
surgery and autopsy without histological examination. Of these 19 cases, 14 were from the Bangkok area (0.6%),
1 case from Chiang Mai (0.1%) and 4 cases from Khon Kaen (0.9%). For GIST (Supplementary Table S2), 3
cases (0.7%) were verified using histology and physical examination, while 2 cases (0.4%) were diagnosed using
endoscopy and radiology: four from Bangkok (0.2%) and one from Khon Kaen (0.2%). Morphological verifica-
tion was present in more than 96% of cases in each histological type. The lowest percentage morphologically
verified cases (%MV) was extraskeletal Ewing sarcoma (98.0%).

Incidence of STS and GIST in Thailand. Crude incidence rates and age-standardized incidence rates
were categorized by histology type and registry (Table 1). Total crude incidence was 2.51/100,000 person-years
for STS and 0.28/100,000 person-years for GIST, with a combined annual average for the 5 PBCRs of 272 cases
of STS and 30 cases of GIST. The estimated number of new cases per year in the country overall was 1604 for
STS and 180 for GIST.

The ASRs of STS were highest in Chiang Mai and Bangkok (2.61 and 2.39/100,000 person-years, respectively),
lower in Songkhla (1.81/100,000 person-years) and lowest in Lampang and Khon Kaen (1.55 and 1.54/100,000
person-years, respectively). The ASRs of GIST from Chiang Mai and Bangkok were also the highest among the
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All Male Female SRR (95% CI)
Histological Subtype ICD-O-3 n Crude | ASR n Crude | ASR n Crude | ASR Male/Female
Al STS 4537 2.79 2.36 | 1857 2.37 2.11 | 2680 3.18 2.59 | 0.81 (0.64-1.03)
STS without GIST 4080 2.51 2.14 | 1634 2.08 1.87 | 2446 291 2.380.79 (0.61-1.01)
Sarcoma, NOS 8800-8806, 8830 1013 0.62 0.52 | 518 0.66 0.58 | 495 0.59 0.46 | 1.25 (0.76-2.05)
UPS (MFH) 8830, 8802 379 0.23 0.19 | 201 0.26 0.22 | 178 0.21 0.16 | 1.39 (0.63-3.10)
Leiomyosarcoma/ Myosarcoma 8890, 8894-8896 775 0.48 0.39 | 206 0.26 0.22 | 569 0.68 0.53 | 0.42 (0.23-0.76)*
Liposarcoma 8850-8855, 8857-8858 464 0.28 0.23| 252 0.32 0.27 | 212 0.25 0.19 | 1.42 (0.68-2.98)
Dermatofibrosarcoma 8832, 8833 263 0.16 0.14 | 130 0.17 0.14 | 133 0.16 0.13 | 1.08 (0.39-3.01)
Rhabdomyosarcoma 8900-8902, 8910, 8912, 8920 241 0.15 0.18 | 118 0.15 0.18 | 123 0.15 0.17 | 1.06 (0.38-2.97)
Mixed tumor 8940, 8950-8951 213 0.13 0.12 22 0.03 0.03 | 191 0.23 0.19 | 0.16 (0.05-0.53)*
Phyllodes tumor 9020 178 0.11 0.08 2 <0.01 | <0.01| 176 0.21 0.15 | 0.01 (0.00-0.25)*
Vascular tumors 9120, 9130, 9133 147 0.09 0.07 90 0.12 0.10 57 0.07 0.05 | 1.99 (0.54-7.35)
Stromal sarcoma 8930, 8931, 8933, 8935 155 0.10 0.07 1 <0.01 | <0.01| 154 0.18 0.14 | 0.01 (0.00-0.12)*
Fibromatous neoplasms 8810-8815, 9150 176 0.11 0.09 87 0.11 0.10 89 0.11 0.09 | 1.09 (0.33-3.60)
Synovial sarcoma 9040-9041, 9043-9044 134 0.08 0.07 67 0.09 0.08 67 0.08 0.07 | 1.14 (0.31-1.23)
MPNST 9540, 9560, 9561 165 0.10 0.09 68 0.09 0.07 97 0.12 0.10 | 0.70 (0.21-2.38)
Extraskeletal Ewing sarcoma 9260, 9364 50 0.03 0.04 29 0.04 0.04 21 0.02 0.03 | 1.34 (0.13-13.89)
Extra-renal rhabdoid tumor 8963, 8964 19 0.01 0.02 11 0.01 0.02 8 0.01 0.01 | 2.00 (0.04-93.29)
Granular cell tumor 9580 18 0.01 0.01 4 0.01 <0.01 14 0.02 0.01 | 0.38 (0.01-15.58)
Alveolar soft part sarcoma 9581 17 0.01 0.01 8 0.01 0.01 9 0.01 0.01 | 0.82 (0.02-40.56)
Phosphaturic mesenchymal tumor 8990, 8991 13 0.01 0.01 6 0.01 0.01 7 0.01 0.01 | 0.64 (0.01-63.85)
Extraskeletal Chondrosarcoma 9231,9240 12 0.01 0.01 5 0.01 0.01 7 0.01 0.01 | 1.00 (Undefined)
Chordoma 9370, 9371 11 0.01 0.01 3 <0.01 | <0.01 8 0.01 0.01 | 0.50 (0.00-98.54)
Myxosarcoma 8840 7 <0.01 | <0.01 2 <0.01 | <0.01 5 0.01 | <0.01 | 0.40 (0.00-113.44)
Perineurioma 9571 4 <0.01 | <0.01 3 <0.01 | <0.01 1 <0.01 | <0.01 | 3.00 (0.00-10,916.80)
Giant cell sarcoma of soft part 9251 3 <0.01 | <0.01 2 <0.01 | <0.01 1 <0.01 | <0.01 | 0.40 (0.00-113.44)
Myofibroblastic sarcoma 8825 2 <0.01 | <0.01 0 0 0 2 <0.01 | <0.01 | Undefined
STS without Phyllodes tumor 4359 2.68 2.28 | 1855 2.37 2.11 | 2504 2.98 2.43 | 0.87 (0.68-1.11)
STS without GIST and Phyllodes tumor 3902 2.40 2.07 | 1632 2.08 1.87 | 2270 2.70 2.23 | 0.84 (0.65-1.08)
GIST 8936, 8891 457 0.28 022 223 0.28 024 | 234 0.28 0.20 | 1.23 (0.55-2.47)

Table 1. Crude and age-standardized incidence of soft tissue sarcoma and gastrointestinal stromal tumor by
histological subtype and sex. Case count, crude and age-standardized incidence rates per 100,000 person-years,
and SRR are reported. The ASR was adjusted to the Segi world standard population. * indicates that the rates
are significantly different at the 5% level (p < 0.05).

cancer registries (0.25/100,000 person-years), followed by Khon Kaen (0.18/100,000 person-years), Lampang
(0.13/100,000 person-years), and Songkhla (0.05/100,000 person-years).

Type and subtype-specificrates of STS. The seven most common histological types combined included
77.1% of the STS cases. The first rank was unspecified sarcoma, accounting for 24.8% of ST registrations. This
was followed by leiomyosarcoma (19.0%), liposarcoma (11.4%), dermatofibrosarcoma (6.4%), rhabdomyosar-
coma (5.9%), mixed tumors (5.2%) and phyllodes tumor (4.4%). When GIST was included, it was the fourth
most common sarcoma (10.1%) following unspecified sarcoma, leiomyosarcoma and liposarcoma.

According to previous epidemiologic research, liposarcoma and rhabdomyosarcoma are not a single disease
entity since they have different histological features and age-specific distribution patterns. As to liposarcoma,
approximately half the cases were unspecified liposarcoma (47.0%). Among the other common histological
subtypes were myxoid (23.3%), well differentiated (11.2%), pleomorphic (7.3%) and dedifferentiated (5.6%).
For rhabdomyosarcoma, the most common subtypes were unspecified rhabdomyosarcoma (51.9%), followed
by embryonal (27.8%), alveolar (10.0%) and pleomorphic (8.3%). Mixed type and spindle cell were very rare,
accounting for 1.2% and 0.8% of all rhabdomyosarcomas.

Predominance of STS in females. Soft tissue sarcoma overall had a slightly higher ASR in females
(2.38/100,000 person-years) than in males (1.87/100,000 person-years) (Table 1). The overall male-to-female
ratio of STS was 0.79:1 (95% CI 0.61-1.01). This difference was due to histological types with a significant female
predominance, including leiomyosarcoma (0.42:1, 95% CI 0.23-0.76), mixed tumor (0.16:1, 95% CI 0.05-0.53),
phyllodes tumor (0.01:1, 95% CI 0.00-0.25) and stromal sarcoma (0.01:1, 95% CI 0.00-0.12). Additionally, the
rates of females were 0.70/100,000 person-years (18.2%) for sarcoma of female genital organs and 0.21/100,000
person-years (5.9%) for sarcoma of the breast, whereas sarcoma of male genital organs had a rate of only
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0.04/100,000 person-years (0.8%). For the remaining common histological types of STS, males had rates slightly
higher than those in females. No sex predilection was found for GIST.

Site-specific rates of STS and GIST. Approximately half of STS arose in connective, subcutaneous
and other soft tissues (Supplementary Table S3), which imply locations in the extremities and trunk (45.7%).
Unspecified sarcoma (67.5%), liposarcoma (74.4), UPS (79.9%), rhabdomyosarcoma (56.4%), vascular tumors
(37.4%), fibrosarcoma (77.8%) and synovial sarcoma (88.1%) presented predominantly in these locations as
well (Supplementary Table S4). The second most common location of STS was on female genital organs (18.3%)
(Supplementary Table S3). Leiomyosarcoma was the predominant STS type on this location (Supplementary
Table S4). Other common locations of STS were skin (6.9%), breasts (6.0%) and digestive organs (5.8%). The
most common primary sites of GIST were the stomach (45.7%) and small intestine (24.7%) (Supplementary
Table S3).

Age-specific incidence rates. Seven and one tenth percent of STS arose in children and adolescents (age
0-19 years), while 78% of the cases were in adults (age 20-69 years) and 14.8% were in the elderly (70 years
and over) (Supplementary Table S1). Only 1.1% of GIST patients were found in children and adolescents, while
75.7% of GIST occurred in adults and 23.2% were found in the elderly (Supplementary Table S2).

Age-specific incidence rates of STS overall and categorized by histological type and GIST are shown in
Fig. 1. The overall incidence rate of STS and GIST showed an increase with age, peaking at 80-84 years for STS
(Fig. 1A) and 75-79 years for GIST (Fig. 1B). The majority of STS histological types showed an increasing rate
with age (Fig. ID-F), similar to the overall STS trend, although some types of STS showed distinctly different
age distribution patterns. For example, dermatofibrosarcoma had a high incidence rate over a wide age range
(25 to 69) (Fig. 1G). Phyllodes tumor showed a peak incidence in females aged 40-55 years, i.e., during the peri-
menopausal period (Fig. 1]). Synovial sarcoma and extraskeletal Ewing sarcoma were found to be distributed
over an age range of 5 to 85 years (Fig. 1N,P). The incidence of rhabdomyosarcoma showed a bimodal pattern,
peaking during childhood (0-4 years) and older adults (55 +) (Fig. 1H). Age-specific rates of rhabdomyosarcoma
categorized by cell type showed significant age variation. Rhabdomyosarcoma NOS and alveolar subtypes had a
bimodal pattern, but with the highest incidence in older adults (Supplementary Fig. S2A and B) while embryonal
rhabdomyosarcoma had a peak incidence at age 0-4 (Supplementary Fig. S2C). Stromal sarcoma (Fig. 1L) and
MPNST (Fig. 10) showed increasing incidence in the middle age group.

Time trends of incidence rates.  The time trends of incidence of STS and GIST overall and by histological
type during 2001-2015 are presented in Supplementary Figure S3. The overall ASRs of STS were relatively stable
during the study period (Supplementary Fig. S3A), while the ASR of GIST increased significantly at an average
of 8.6% per year (95% CI 5.0-12.2) (Supplementary Fig. S3B). The incidence trends of STS subtypes variously
exhibited increasing, declining and stable rates. There were slightly declining trends in the incidence of leio-
myosarcoma (Supplementary Fig. S3C), UPS (Supplementary Fig. S3E), rhabdomyosarcoma (Supplementary
Fig. S3H), mixed tumor (Supplementary Fig. S3I), vascular tumors (Supplementary Fig. S3K) and extraskel-
etal Ewing sarcoma (Supplementary Fig. S3P) while the incidence of dermatofibrosarcoma (Supplementary
Fig. S3G) and synovial sarcoma (Supplementary Fig. S3N) significantly increased. Unspecified sarcoma (Sup-
plementary Fig. S3D), Liposarcoma (Supplementary Fig. S3E) and MPNST (Supplementary Fig. S30) showed
a slightly increasing trend.

Survival rates. The patients in this cohort had follow-up time ranging from 0 to 231.3 months, with a
median survival time of 75.6 months. The 5-year survival for STS by histological type and GIST (Fig. 2) and
for STS by primary site (Supplementary Fig. S4) were reported. The five-year survival rate was 62.6% for STS
overall and 63.4% for GIST. For both STS and GIST, the survival rates in males were slightly lower than those
in females. Dermatofibrosarcoma had the highest survival rate (96.6%), which is consistent with the rate of STS
of the skin (92.1%), the most common primary site of this subtype. The survival rate of phyllodes tumor was
79.7%, which is also consistent with the survival rate of its most common primary site, the breast (78.5%). The
major subtypes of STS, leilomyosarcoma and unspecified sarcoma, had 5-year survival rates of 57% and 52.3%,
respectively. Survival rates of leiomyosarcoma varied among the most frequent primary sites: 44.6% for female
genital organs, 62.1% for connective, subcutaneous and other soft tissues, 64.7% for retroperitoneum and perito-
neum and 78.2% for digestive organs. Mixed tumors had the lowest 5-year survival rate at only 28.6%. Soft tissue
sarcoma of the female genital organs, thyroid and endocrine glands and urinary tract, where the main subtype
was leiomyosarcoma, had survival rates of less than 50%.

Discussion
The incidence of STS and GIST in Thailand was analyzed using data from 5 PBCRs located in different geographic
regions of the country. To avoid selection bias, a population-based dataset was obtained using precise and uni-
form validation procedures. During 2001-2015, the majority of cases of STS and GIST recoded in these PBCRs
had been confirmed by morphological verification, affirming the accuracy of the reports used in this study.
This study represents the first complete descriptive overview of the epidemiology of STS and GIST in Thailand.
The age-standardized overall incidence rate of STS in Thailand during 2001-2015 (2.14/100,000 person-years)
was close to that in Japan (2.0/100,000 person-years)'’, but relatively low compared to Taiwan (3.8/100,000
person-years)'! and Western countries (4.2-5.8/100,000 person-years)®~. The descriptive ASR reports shown
in Table 2 reveal a low incidence of STS in Asians. There is, however, a paucity of data on racial disparities in
this tumor type. According to a National Cancer Institute SEER program report on STS incidence rates from

Scientific Reports |

(2022) 12:12824 | https://doi.org/10.1038/s41598-022-15711-8 nature portfolio



www.nature.com/scientificreports/

=

A STS

GIST

1.8
10
0 =o=All == == Male - - *-Female 16
8 14
@
£ 7 =12
g ¢ ~
£ . £
3 g
2 2 0.8
g ¢ g 0.6
s ¥
&3 B
) 0.4
1 0.2
0 0

S >
SN D o> D S O >
ST m"' s N "fbe“ & S L

Age at diagnosis (years)

C D

«“%"vf
‘b«%

NN D
S 0 \'\'q'\»gi*:%,b&

PP L LS D

%’@‘
PP LI ESL T ¢

Age at diagnosis (years)

UPS(MFH)

Leiomyosarcoma Sarcoma, NOS
2 4 25
18 35
16 L3 2
214 £ H
2, i g
g £ £
g g g
@: 08 Zs 21
Fos 2 X 2
04 05
02 05
0
> D A S o S > x h\“\b S PRy o \’3,\},\9‘?@ o &
&“ﬁb“" ¥ \‘f xaffxs“ﬁa‘fﬁo?‘}’u")a‘“‘?ﬁggﬁh«“’««‘f« &8 SEY \"‘m“‘x'\?f‘w@s*s ‘y‘fhk“ o “’?“}’«V e s“ > y" N h‘y‘f@‘ & @’eb '\“’ oy W A

Age at diagnosis (years) Age at diagnosis (years)

F Liposarcoma G

I »
- in ~ n

Age-Specific Rate

°
n

i

Dermatofibrosarcoma

Age at diagnosis (years)

Rhabdomyosarcoma

o
O D S o
N \\\‘1“ ARSI «’Ps"p’ e PFET ST &

Age at diagnosis (years)

SO D >
~
«“}sf\\@‘»}”

Age at diagnosis (years)

Mixed tumor

Age-Specific Rate
s 2 2
TR s -

4
S

Phvllodes tumor

o T 2O D S 9 >
PP LLEES T & S PE P L L FES ST €

Age at diagnosis (years)

Vascular tumors

-0 R & &

%

Age-Specific Rate
s 2
2

e e
5=

3 :
'\f’w 5""5::"@‘) ")s'a“' & 1‘? & «“«‘«“"\qﬁ,@h V"“‘? 2 \q'\'

Age at diagnosis (years) M
L Stromal sarcoma

NS %"' \\ \'—!
Age at diagnosis (years)

Age-Specific Rate

> S »
PAFALELLLE

Fibromatous neoplasms

o

> > A D A D o
@@‘“\\‘q‘ NS mye}‘@v gx «9 .\é\,\s“ & &

Age at diagnosis (years)

> D
ST &

Synovial sarcoma

e
3

e
H

0.00

S OO PP > CE IR ORI O]
Qv«\\\'!,\&’ﬁ,,&'«@?“’&q@’@,\« “} & &

Age at diagnosis (years)

> D >
“:\‘(1;\‘5’5 's

Ageat dugnos.s (years)

P

> O A D A

N > D D

S

e“‘a"’ @Q@b,\m’\,\q & & n“»%"x‘s‘fw“'ﬁs“ R ‘fha“'a‘f “’Q‘F«

o
&
q,«%

Age at diagnosis (years)

Extraskeletal Ewing sarcoma

>

> SV
SEE

&

Age at diagnosis (years)

O A D D > S S o DO D>
PSPPI L L E ST ST E @k« ST PSP L L E S ST E

Age at diagnosis (years)

Figure 1. Age-specific incidence rates of STS and GIST by major histological type and sex. STS soft tissue
sarcoma, GIST gastrointestinal stromal tumor, NOS not otherwise specified, UPS Undifferentiated pleomorphic
sarcoma, MFH malignant fibrous histiocytoma, MPNST malignant peripheral nerve sheath tumors.
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Figure 2. Five-year relative survival rate of STS and GIST by sex and histological type. STS soft tissue sarcoma,
GIST gastrointestinal stromal tumor, NOS not otherwise specified, UPS Undifferentiated pleomorphic sarcoma,
MFH malignant fibrous histiocytoma, MPNST malignant peripheral nerve sheath tumors.

ASR (per 100,000 person-years)

Country (period of study) STS | GIST | Leiomyosarcoma | Sarcoma, NOS | Liposarcoma | UPS

Thailand (2001-2015)
*Current study

2.14 |0.22 0.39 0.52 0.23 0.19

Osaka, Japan
(1978-2007)"°

Taiwan (2007-2013)"! 3.8 1.55 0.53 0.65 0.63 0.19

SEER program of United States
(1978-2001)°

RARECARE program of Europe (1995-2002)¢ |42 |0.1 - - - -

20 | - - - - -

5.03 - 1.23 0.65 0.59 0.88

France (2005-2007)” 4.2 0.7 0.5 0.7 0.7 -
Germany (2005-2012)® 4.5 - - - - -
Europe (2007-2008)° 576 | 1.36 0.93 0.35 0.99 0.37

Table 2. Age-standardized incidence rates of soft tissue sarcoma by major histological type and
gastrointestinal stromal sarcoma in Thailand and from comparable registries in other countries. The ASR was
adjusted to the Segi world standard population.
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1973 to 2008, African Americans (Blacks) had the highest overall incidence rate (5.1/100,000 person-years), fol-
lowed by Caucasians (Whites) (4.5/100,000 person-years), while American Indians as well as Asians and Pacific
Islanders had the lowest rate (2.8/100,000 person-years)'s. Other studies from SEER also reported that African
Americans had a higher incidence rate than Caucasians". These data indicated that race might have an impact
on the incidence of STS. To get a better understanding of the possible processes behind these racial disparities,
more research on the biologic and genetic differences in sarcomas by race and ethnicity is needed.

In our study, STS had a slightly higher incidence in females and this characteristic was due to histological
types with a significant female predominance, i.e., lelomyosarcoma, stromal sarcoma, and mixed tumors that
were predominantly located in female genital organs, especially in the uterus, and phyllodes tumor, which
specifically arose in the breast. The age-specific incidence rates of organ-specific sarcomas (Supplementary
Figure S5) showed that the rate of uterine leiomyosarcoma, endometrial stromal sarcoma, and phyllodes tumor
increased rapidly throughout the childbearing years and peaked at the perimenopausal age of 45 to 54 years.
Then, during the menopausal phase, the rates plateaued or declined. The rates of mixed tumors that originated
in the uterus showed a slight delay, but the same pattern as the others. Our findings are consistent with previous
studies that found the pattern to be similar to female breast cancer age-specific incidence curves, implying that
sex hormones may be involved®’. There is the study reported that estrogen, progesterone and androgen recep-
tors are expressed in 70-80% of uterine leiomyosarcomas®. These data support the evidence of estrogen-related
cancers, which involves initiation and promoting the process of carcinogenesis by enhancing the rate of cell
division and inducing gene mutation.

Overall, trends of STS were found to be consistent in our cohort during this study period, including both
increases and decreases in incidence among histological types. It is still unclear whether the trends of sarcoma
and its histological types are related to environmental and/or behavioral changes or whether they are due to
changes in the registration procedure. The World Health Organization (WHO) classification of tumors of soft
tissue and bone was updated in 2002'. However, the new 2013 edition includes many changes in classification,
mostly the result of novel genetic findings in different histological types®!. These classification changes which
occurred during the period of this study could possibly have influenced the incidence rates and trends of STS
reported in this study, e.g., the decrease in the incidence of leiomyosarcoma and the increase in the incidence
of GIST. In this case, the increase in the frequency of GIST could be due in part to the 2013 reclassification of
numerous mesenchymal gastrointestinal tumors previously classified as leiomyosarcomas. Additionally, the
increased incidence of GIST is related to the introduction in 2001 of CD117 antigen detection using immuno-
histochemical staining®.

There have also been significant changes in the classification of MFH. Consequently, the decreased incidence
of MFH is probably due, at least in part, to changes in diagnostic criteria which reclassified some MFH sarco-
mas as UPS (Supplementary Fig. S6A) or pleomorphic varieties of other sarcomas. These findings suggest that
advances in molecular biology have been critical in the identification of sarcoma subtypes and the refinement
of sarcoma classification. The molecular technique can be used with approximately half of all sarcomas with a
specific known genetic abnormality”?. Furthermore, in some subtypes of sarcoma, molecular characterization
already has clinical implications including disease prognosis, therapy selection, and treatment response.

Reclassification according to the WHO 2013 resulted in the change of incidences in our study after the
guideline was proposed. Beside leiomyosarcoma and GIST, neurilemoma (ICD-O-3 code: 9560/3) was changed
to MPNST (WHO 2013 code: 9540/3), this classification changes significantly altered the incidence through the
study period. There are the changes that altered the incidence after the WHO 2013 classification was published,
i.e., round cell liposarcoma and mixed liposarcoma (ICD-O-3 code: 8853/3 and 8855/3) changed to round cell/
myxoid liposarcoma (WHO 2013 code: 8852/3) (Supplementary Fig. S6B), hemagiopericytoma (ICD-O-3 code:
9150/3) changed to solitary fibrous tumor (WHO 2013 code: 8815/3) (Supplementary Fig. S6C), and Ewing
sarcoma (ICD-O-3 code: 9260/3) changed to extraskeletal Ewing sarcoma (WHO 2013 code: 9364/3) (Sup-
plementary Fig. S6D). Incidence of the obsolete ICD-O-3 morphological codes were decrease and their align-
ment codes were increase especially in 2015. This indicates that the practices in our country follow the updated
standard guidelines. However, there is the change that not alter the rate, i.e., fibroblastic liposarcoma (ICD-O-3
code: 8857/3) changed to well differentiated/dedifferentiated liposarcoma (WHO 2013 code: 8851/3 and 8858/3)
(Supplementary Fig. S6E). This finding could be due to the extremely low rate of obsolete codes, which has no
bearing on the rate of alignment codes.

Moreover, the behavior of some morphology has been changed from "malignant” in ICD-O-3 to "borderline”
in WHO 2013, i.e., well differentiated liposarcoma ICD-O-3 code: 8851/3 changed to WHO 2013 code: 8850/1
(Supplementary Fig. S7A), dermatofibrosarcoma protuberans ICD-O-3 code: 8832/3 changed to WHO 2013
code: 8832/1, and pigmented dermatofibrosarcoma protuberans ICD-O-3 code: 8833/3 changed to WHO 2013
code: 8833/1 (Supplementary Fig. S7B). From these changes, the decreased incidence of these morphological
codes was observed in 2015. In this study, we found that dermatofibrosarcoma had the highest 5-year survival
rate (96.6%). This observation supports the change of behavior from malignant to borderline in this sarcoma
group. This indicates that the practices in our country follow the updated standard guidelines.

The significant differences in sarcoma incidence patterns by histologic type and subtypes supports the concept
that these tumors are etiologically unique, as noted in previous studies®’. That means in studies of potential risk
factors they should be considered separately. In our cohort, rhabdomyosarcoma had a bimodal distribution
of age-specific rates dependent on histological subtypes, a finding similar to most previous studies. The fact
that rhabdomyosarcoma is not a single disease entity was highlighted by this observation. That means modern
diagnosis techniques focusing on genetic alterations could result in more precise definition and identification
of rhabdomyosarcoma subtypes®.

The survival rates of STS and GIST patients in Thailand were comparable to the rates reported in other
countries. The five-year survival rate for STS overall in our country was 62.6% compared to 52-62.9% in other
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countries®®*-?’_ Although there are many subtypes for STS, the treatment modality has been similar, that is, wide
resection with/without adjuvant radiotherapy?. A few types of sarcoma, including synovial sarcoma and myxoid/
round cell liposarcoma, showed a significant improvement in survival after receiving adjuvant chemotherapy*-.
For GIST in Thailand, the 5-year survival rate was 63.4% compared to 63.6-67.7% in other countries®*'. The
immunohistochemical staining of CD117 antigen (an epitope in the extracellular domain of c-kit) is an impor-
tant confirmatory factor for GIST, and the positive staining of CD117 has been found in approximately 90% of
GIST?*%. Surgery is the mainstay treatment for localized disease. Tyrosine kinase inhibitor (imatinib mesylate)
is used for metastatic and inoperable GIST, based on the ESMO-EURACAN Clinical Practice Guidelines. This
targeted therapy is an effective adjuvant treatment that improves the survival rate of GIST patients in Thailand
similar to other studies in the post-imatinib era.

Because soft tissue sarcomas are a group of rare malignant tumors with high histological heterogeneity and a
lack of exact molecular identification, the diagnosis is uncertain, even in high-standard countries®”. Our country
also has a similar limitation: the centrally second review by an expert pathologist is not commonly done in cancer
registration. However, all the data collected from provinces that are at the center of the region were operated by
university hospitals. Musculoskeletal pathologists and a tumor board performed all of the diagnoses. Addition-
ally, for cancer registration system in Thailand, the tumor details and treatment data were not recorded as part
of cancer registry. The standard protocol of clinical records has never been set across hospitals or nationwide
protocol. This study provides an overview of the descriptive epidemiology of sarcomas in Thailand.

In summary, the annual incidence of STS and of GIST in Thailand analyzed here are approximately
2.14/100,000 person-years and 0.22/100,000 person-years, respectively, with an estimated new case annually
in the country: 1604 of STS and 180 of GIST. The relatively low incidence of STS in Thailand and other Asian
countries compared to Western countries underscores the association of race with the incidence of STS. Based
on current healthcare service, an overall survival rates of STS and GIST are comparable to those reported from
developed countries.

Methods
Study population. At present, Thailand has 11 cancer registries, all of which are operated by the Ministry
of Public Health. This study included only the 5 which were population-based cancer registries (PBCRs) dur-
ing the study period. The other 6 were excluded because their data was collected from hospital-based registries
rather than population-based registries. Chiang Mai University (Chiang Mai province) launched the first PBCR
in Thailand in 1986, followed by Khon Kaen University (Khon Kaen province) in 1988, Prince of Songkla Uni-
versity (Songkhla province) and the National Cancer Institute (Bangkok) in 1990, and the Lampang Cancer Hos-
pital (Lampang province) in 1993. The five registries are located in each of the four major geographic areas of the
country plus the capital city. The large majority of Thailand’s population are ethnic Thais, members of the East
and Southeast Asian groupings that includes Chinese, Japanese and Koreans. Data was collected and analyzed
retrospectively in a systematic manner. The data from the 5 PBCRs was either already coded by the PBCRs or
was converted to codes by the research team according to the third edition of the International Classification of
Diseases for Oncology (ICD-O-3). The morphology code indicating histological type and the topography code
indicating primary site of STS and GIST were determined based on the 2002 and 2013 World Health Organiza-
tion criteria (ICD-O-3: Morphology codes 8800-8935, 8910, 8920, 8940, 8950-8959, 8963-8964, 8990-8991,
9020-9044, 9120-9133, 9150, 9170, 9180, 9231, 9240, 9251, 9260, 9364-9372, 9540, 9560-9571, 9580-9581
combined with all ICD-O-3 Topography codes except C40.0-41.9 for STS, and Morphology codes 8936 com-
bined with any Topography code for GIST)*®. Data on sex, age at diagnosis, date of diagnosis, and basis of
diagnosis were collected. The patient’s survival status was reviewed from Bureau of Registration Administration
(BORA) database. The cancer registries data had been last updated on 31 December 2019.

Kaposi’s sarcoma (KS), virus-induced sarcoma, was excluded from the study because KS incidence patterns
are strongly correlated with AIDS and thus would have introduced a major bias in the age and gender distribu-
tion of this sarcoma which could potentially have affected the present study*.

Incidence analysis. STS and GIST data were reported as frequency, proportion, and incidence rate per
100,000 person-years. The incidence rates were calculated using population denominators from the Thailand
National Census (Thailand National Statistical Office) and were categorized by sex (male and female), age group
(18 groups: 0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69,
70-74, 75-79, 80-84, 85 +), registry and histological type. The proportion of STS and GIST categorized by pri-
mary site was determined. The Segi world standard population® was used to calculate age-standardized rates
(ASRs). Age-specific and gender-specific incidence rates by histological types were plotted. The ASRs of females
and males were compared using standardized rate ratios (SRRs). Time trend analysis was performed using Join-
point Regression Program version 4.5.0.1. The trend and annual percent change (APC) in age-standardized
incidence were calculated using Log-linear models. Time trends of STS, GIST and histological types over 5-year
intervals were calculated.

Survival analysis. All time-to-event analyses were performed using STATA program version 16.0. The
Kaplan—Meier method was used to calculate patient survival rates. Five-year survival rates were determined and
categorized by sex, histological type and primary site.

Research ethics approval. The Research Ethics Committee 4, Faculty of Medicine, Chiang Mai University
has approved this study protocol (Study code: ORT-2562-06377/ Research ID: 6377). All patients and/or parent
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provided informed consent for patient information to be stored in the hospital database. All methods were car-
ried out in accordance with good clinical practices (GCPs) and relevant guidelines.

Data availability
All relevant data are included in this article and its supplementary material files, which are publicly available.
Correspondence and requests for materials should be addressed to D.Pruksakorn.
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