
O R I G I N A L  R E S E A R C H

Demographics, Changes in Treatment Patterns, 
and Outcomes of Bone and Soft Tissue Sarcomas 
in Korea—A Sarcoma-Specific, Institutional 
Registry-Based Analysis

Hyehyun Jeong1,* 
Hyeon-Su Im1,2,* 
Wanlim Kim3 

Jong-Seok Lee3 

Si Yeol Song4 

Joon Seon Song5 

Kyung-Ja Cho5 

Hye Won Chung6 

Min Hee Lee6 

Jeong Eun Kim1,* 
Jin-Hee Ahn1,*
1Department of Oncology, Asan Medical 
Center, University of Ulsan College of 
Medicine, Seoul, Republic of Korea; 2Division 
of Hematology and Oncology, Ulsan 
University Hospital, Ulsan, Republic of Korea; 
3Department of Orthopedic Surgery, Asan 
Medical Center, University of Ulsan College of 
Medicine, Seoul, Republic of Korea; 
4Department of Radiation Oncology, Asan 
Medical Center, University of Ulsan College of 
Medicine, Seoul, Republic of Korea; 
5Department of Pathology, Asan Medical 
Center, University of Ulsan College of 
Medicine, Seoul, Republic of Korea; 
6Department of Radiology, Asan Medical 
Center, University of Ulsan College of 
Medicine, Seoul, Republic of Korea  

*These authors contributed equally to this 
work  

Purpose: Because of the heterogeneity of sarcomas, establishing a well-collected, sarcoma- 
specific database is important for sarcoma research. We analyzed the first histology-based, 
sarcoma-specific institutional registry in Korea, which collected 28 years of patient data 
according to a predefined data format.
Patients and Methods: Adult bone and soft tissue sarcoma patients who were treated from 
June 1989 to January 2017 were identified and analyzed, based on the ICD-O-3 codes.
Results: Among the 3420 patients included, soft tissue and bone sarcomas comprised 77.8% (n = 
2661) and 22.2% (n = 759), respectively. Median age at diagnosis was 50 (range, 16–98) in soft 
tissue sarcomas and 37 (range, 16–85) in bone sarcomas. Males and females comprised 45.5% and 
54.5% of soft tissue sarcomas and 52.7% and 47.3% of bone sarcomas, respectively. Among the 
3407 patients with treatment data available, 90.5% of the patients with soft tissue sarcomas and 
80.8% of the patients with bone sarcomas received surgery first, of which 57.8% and 71.7% did not 
receive any subsequent treatment, respectively. Overall, the proportion of patients who received 
surgery alone decreased from 85.7% to 60.5% from the pre-2000 period to the 2010–2017 period. 
However, the use of adjuvant chemotherapy increased in patients with soft tissue sarcomas (from 
8.0% to 17.2% in the same period), and the use of perioperative radiotherapy also increased in both 
groups (from 1.4% to 22.7% in soft tissue sarcomas, and 0% to 14.5% in bone sarcomas in the 
same period). In both soft tissue and bone sarcomas, old age (≥65 years) and diagnosis in the early 
study period were associated with poorer survival.
Conclusion: We presented a comprehensive summary of our sarcoma registry, including the 
demographics, changes in treatment patterns, and survival outcomes. This study will provide 
a framework for future studies.
Keywords: bone sarcoma, soft tissue sarcoma, sarcoma-specific registry, real-world 
evidence

Introduction
Sarcomas are solid tumors of mesenchymal origin and are roughly categorized into 
soft tissue sarcomas and bone sarcomas. They comprise more than 100 diseases, 
which have a variety of clinical presentations and different prognoses.1,2 Because 
they can occur anywhere throughout the whole body, the prevalence of sarcomas is 
difficult to estimate. Also, due to their wide heterogeneity, a specific subcategory of 
sarcomas often includes only a limited number of patients, which makes it difficult 
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to conduct randomized controlled trials. Therefore, large- 
sized, population-based or institutional registries have 
been used in many previous sarcoma studies.3,4

Although these large-sized databases have provided 
important groundwork for generating clinical evidence in 
the management of sarcomas, their datasets have several 
pitfalls. For example, they might underestimate the inci-
dence of the diseases because of inadequate coding, as 
sarcomas are often miscoded according to their anatomic 
site rather than being recorded with an adequate patholo-
gical diagnosis.5,6 Also, large-sized datasets from billing 
or administrative data often miss clinically relevant data.3 

Therefore, establishing an accurate, sarcoma-specific reg-
istry based on histologic diagnosis and including clinically 
meaningful variables is important for sarcoma research. 
Several well collected, sarcoma-specific registries, and 
successful analyses using them, have been reported, 
mostly in Western populations.7–9 In Korea, no sarcoma- 
specific, registry-based analyses have been reported 
previously.

This study aimed to explore and present the overall 
demographics, changes in treatment patterns, and survival 
outcomes of Korean sarcoma patients who were treated in 
a tertiary referral center that has a multidisciplinary expert 
sarcoma team. Here, we analyzed the first institutional 
sarcoma-specific registry data in Korea. We identified 
patients based on histologic diagnosis and collected 28 
years of patient data, according to a predefined data 
format.

Materials and Methods
Study Overview and the AMC Sarcoma 
Registry
This study is a single-center, registry-based analysis 
focused on bone and soft tissue sarcoma patients who 
were treated at Asan Medical Center (AMC), a tertiary 
referral center in Seoul, Republic of Korea. This study was 
approved by the Institutional Review Board of the AMC 
and conducted in accordance with the Declaration of 
Helsinki. The Board granted an informed consent waiver 
for this retrospective study due to its retrospective design 
and the use of de-identified data without patient contact or 
intervention.

The AMC sarcoma registry was first launched in 2014. 
Adult patients (≥16 years) who visited AMC since 
June 1989 and were histologically diagnosed with bone 
and soft tissue sarcoma of intermediate or malignant 

potential were identified based on International 
Classification of Diseases for Oncology, Third Edition 
(ICD-O-3) codes. The ICD-O-3 codes were curated by 
trained abstractors using diagnoses generated by expert 
pathologists. The data source for this study is 
a deidentified electronic health record (EHR) system 
(Asan BiomedicaL research Environment, ABLE), which 
served as an honest broker.10 The registry includes the 
following information: 1) patient demographics, including 
age at diagnosis and sex; 2) tumor characteristics, includ-
ing histologic diagnosis of the tumor and its anatomical 
location; 3) treatment-related variables, including informa-
tion on surgery, chemotherapy, and radiotherapy; and 4) 
survival status and dates, retrieved from Korea Central 
Cancer Registry data and inhospital survival data. The 
registry is regularly updated by dedicated data managers 
who add new patients, as per inclusion criteria, and update 
existing patient data. In this study, patients who visited 
AMC between June 1989 and January 2017 were included. 
Patients without any record of treatment or without survi-
val outcomes or dates were excluded.

Statistical Analysis
Overall survival (OS) was defined as the time from the date 
of diagnosis to the date of death from any cause. Baseline 
characteristics of the patients were assessed using 
a descriptive method. Survival outcomes were estimated 
using the Kaplan–Meier method and compared by Log rank 
tests. All tests were two-sided, and a p-value of <0.05 was 
considered statistically significant. All statistical analyses 
were performed using R version 4.0.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results
Patients
During the study period, a total of 4360 adult sarcoma patients 
(≥16 years) who visited AMC between 1989 and 2017 were 
identified. Of these, patients without any treatment history (n = 
924) or survival data (n = 16) were excluded, leaving a total of 
3420 patients included in the analysis, including 2661 soft 
tissue sarcomas and 759 bone sarcomas.

The baseline characteristics of the patients are sum-
marized in Table 1. Median age at diagnosis was 50 
(range, 16–98) in soft tissue sarcomas and 37 (16–85) in 
bone sarcomas. Males and females comprised 45.5% and 
54.5% of soft tissue sarcomas and 52.7% and 47.3% of 
bone sarcomas, respectively. For soft tissue sarcomas, the 
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most common histologic category was undifferentiated/ 
unclassified sarcomas (22.8%, n = 607), followed by 
fibroblastic/myofibroblastic tumors (21.0%, n = 560), 
and adipocytic tumors (14.7%, n = 392). By specific 
histology, leiomyosarcoma was the most common tumor 
(13.0%, n = 346) (Figure 1A). For bone sarcomas, the 
most common histologic category was chondrogenic 
tumors (27.5%, n = 209), followed by osteogenic tumors 
(22.5%, n = 171), and osteoclastic giant cell-rich tumors 
(20.6%, n = 156). By specific histology, giant cell tumor 
of bone (20.6%, n = 156) was the most common tumor 
(Figure 1B).

Treatment Patterns
Treatment patterns were analyzed in 3407 patients whose 
treatment dates were available (Table 1). The initial treatment 
strategy included surgery in 92.9% of the patients (n = 3164); 
specifically, 93.2% (n = 2470) of soft tissue sarcomas and 
91.8% (n = 756) of bone sarcomas. Among those, neoadju-
vant/adjuvant chemotherapy or radiotherapy was administered 
in 28.0% (n = 743) and 25.4% (n = 192) of the patients with 
soft tissue and bone sarcomas, respectively. In soft tissue 
sarcomas, adjuvant chemotherapy was more commonly admi-
nistered than neoadjuvant chemotherapy (adjuvant, 15.2% vs 
neoadjuvant, 1.8%) whereas in bone sarcomas, the rates of 

Table 1 Baseline Characteristics

Total n = 3420 Soft Tissue n = 2661 Bone n = 759

Baseline characteristics

Date of diagnosis

Pre-2000 391 (11.4%) 286 (10.7%) 105 (13.8%)
2000–2009 1222 (35.7%) 929 (34.9%) 293 (38.6%)

2010–2017 1807 (52.8%) 1446 (54.3%) 361 (47.6%)

Age at diagnosis

Median (range) 48 (16–98) 50 (16–98) 37 (16–85)
AYA (16–29) 2297 (67.2%) 303 (11.4%) 280 (36.9%)

Adult (30–64) 583 (17.0%) 1885 (70.8%) 412 (54.3%)

Elderly (≥65) 540 (15.8%) 473 (17.8%) 67 (8.8%)

Sex

Male 1612 (47.1%) 1212 (45.5%) 400 (52.7%)
Female 1808 (52.9%) 1449 (54.5%) 359 (47.3%)

Primary site
Head and neck 218 (6.4%) 157 (5.9%) 61 (8.0%)

Thorax 476 (13.9%) 393 (14.8%) 83 (10.9%)

Abdomen 800 (23.4%) 759 (28.5%) 41 (5.4%)
GU/GYN 503 (14.7%) 492 (18.5%) 11 (1.4%)

Extremities and skeleton 1279 (37.4%) 781 (29.3%) 498 (65.6%)

Others 108 (3.2%) 45 (1.7%) 63 (8.3%)
Unknown 36 (1.1%) 34 (1.3%) 2 (0.3%)

Initial treatment† Overall n = 3407‡ Soft tissue n = 2651 Bone n = 756

Surgically treated patients n = 3164 n = 2470 n = 694

Surgery only 2229 (65.4%) 1727 (65.1%) 502 (66.4%)
Neoadjuvant chemotherapy followed by surgery 131 (3.8%) 49 (1.8%) 82 (10.8%)

Surgery followed by adjuvant chemotherapy 483 (14.2%) 404 (15.2%) 79 (10.4%)

Surgery with perioperative radiotherapy without chemotherapy 321 (9.4%) 290 (10.9%) 31 (4.1%)

Non-surgically treated patients n = 243 n = 181 n = 62

Chemotherapy only 149 (4.4%) 113 (4.3%) 36 (4.8%)
Radiotherapy only 42 (1.2%) 35 (1.3%) 7 (0.9%)

Chemotherapy and radiotherapy 52 (1.5%) 33 (1.2%) 19 (2.5%)

Notes: †Treatments were considered as given together if administered within a 6-month period. ‡Analyzed 3407 patients whose treatment dates were available. 
Abbreviations: AYA, adolescents and young adults; GU/GYN, genitourinary and gynecologic.
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Figure 1 Pie chart for histologic diagnosis. (A) Soft tissue sarcoma. (B) Bone sarcoma.
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patients receiving neoadjuvant and adjuvant chemotherapy 
were similar (adjuvant, 10.4% vs neoadjuvant, 10.8%). 
Surgical margin status was available in 42% of the surgically 
treated patients (n = 1341). Among those, R0 resection was 
achieved in 71.6% (n = 793) and 86.3% (n = 202) in soft tissue 
and bone sarcomas, respectively; and R1 resection was 
achieved in 25.9% (n = 287) and 11.5% (n = 27) in soft tissue 
and bone sarcomas, respectively.

Among the 243 patients who did not receive surgery as 
initial treatment, chemotherapy alone was the most common 
approach in both the soft tissue sarcomas (62.4%, n = 113/181) 
and bone sarcomas (58.1%, n = 36/62). The median duration 
of first chemotherapy in non-surgically treated patients was 2.2 
months (95% CI, 1.5–3.8) and 3.1 months (95% CI, 1.9–5.0) 
in soft tissue and bone sarcomas, respectively.

Overall, the most commonly used first-line chemother-
apeutic regimens were CYVADIC (cyclophosphamide, 
vincristine, doxorubicin, dacarbazine; n = 174) and ID 
(ifosfamide, doxorubicin; n = 95) in soft sarcomas; and 
HD-MTX/AP (high-dose methotrexate, doxorubicin, cis-
platin; n = 88) and VAC/IE (vincristine, doxorubicin, 

cyclophosphamide, etoposide, ifosfamide; n = 60) in 
bone sarcomas. The median radiation dose given was 54 
Gy (interquartile range, 45–60 Gy).

Treatment flow by sequence is illustrated in Figure 2. 
About 90.5% and 80.8% of the soft tissue and bone sar-
coma patients received upfront surgery as the first treat-
ment method, respectively. Among those initially 
surgically treated patients, 57.8% of the patients with 
soft tissue sarcomas and 71.7% of the patients with bone 
sarcomas did not receive any subsequent treatment. Also, 
among patients who were treated with initial chemother-
apy, 26.8% of soft tissue sarcomas proceeded with subse-
quent surgery, whereas 66.2% of bone sarcomas proceeded 
with subsequent surgery.

Treatment Pattern by Diagnosis Time
Treatment patterns by year of diagnosis are shown in Figure 3. 
Across all time periods, the most common first treatment was 
surgery alone in both soft tissue and bone sarcomas. However, 
the proportion of patients who received surgery alone as initial 
treatment decreased over time (overall, 85.7% [n = 335] in the 
pre-2000 period to 60.5% [n = 1087] in the 2010–2017 period). 
The use of adjuvant chemotherapy and perioperative radio-
therapy increased in patients with soft tissue sarcomas (8.0% [n 
= 23] in the pre-2000 period to 17.2% [n = 247] in the 2010– 
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Figure 2 Sankey diagram showing sequential treatment flow of the study popula-
tion. (A) Soft tissue sarcoma. (B) Bone sarcoma.
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Abbreviations: CT, chemotherapy; OP, surgery; RT, radiotherapy.
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2017 period). The use of perioperative radiotherapy also 
increased in both groups (1.4% [n = 4] to 22.7% [n = 326] in 
soft tissue sarcomas, and 0% [n = 0] to 14.5% [n = 52] in bone 
sarcomas).

Survival Outcomes in the Overall Study 
Population
Figure 4 illustrates OS by patient characteristics. The median 
follow-up duration was 38.6 months (95% confidence inter-
val [CI], 36.6–41.4 months). The 5-year survival rates were 

78.3% (95% CI, 76.2–80.3) and 82.0% (95% CI, 78.5–85.0) 
in soft tissue sarcomas and bone sarcomas, respectively 
(Figure 4A). In terms of age at diagnosis, elderly patients 
(≥65 years at diagnosis) had poorer OS than other age groups 
both in soft tissue and bone sarcomas. In soft tissue sarcomas, 
the 5-year survival rate of elderly patients was 64.4% (95% 
CI, 57.6–70.4), whereas it was 82.3% (95% CI, 76.1–87.1%) 
for adolescents and young adults (AYA) (<30 years) and 
80.5% (95% CI, 78.2–82.6%) for adults (30–64 years). In 
bone sarcomas, the 5-year survival rates of AYA, adults, and 
elderly patients were 81.5% (95% CI, 75.4–86.2%), 85.1% 
(95% CI, 80.6–88.6%), and 62.7% (95% CI, 45.7–75.7%), 
respectively (Figure 4B). Survival outcomes improved over 
time, especially in soft tissue sarcomas. In soft tissue sarco-
mas, the 5-year survival rates of patients diagnosed during 
the pre-2000, 2000–2009, and 2010–2017 periods were 
60.6% (95 CI, 53.7–66.7%), 70.1% (95% CI, 66.9–73.2%), 
and 92.7% (89.9–94.8%), respectively. In bone sarcomas, 
those were 74.8% (95% CI, 64.4–82.6%), 74.8% (95% CI, 
69.0–79.6), and 93.4% (95% CI, 89.0–96.1%). Similar 
results were observed when patients diagnosed after 2013 
were excluded from the analysis to ensure a longer follow-up 
duration for recently diagnosed patients; five-year survival 
rates for patients diagnosed between 2010 and 2013 were 
91.5% (95% CI, 88.3–93.8%) and 93.7% (95% CI, 88.8– 
96.5%) for soft tissue and bone sarcomas, respectively. 
Detailed survival outcomes of the patients are shown in the 
Supplementary Table S1.

Discussion
In this study, we analyzed our histology-based, sarcoma- 
specific institutional registry, which includes a relatively 
large amount of patient data from 28 years of records, 
constructed according to a predetermined data collection 
plan. Here, we comprehensively presented the patient 
characteristics, changes in treatment patterns, and survival 
outcomes. To our knowledge, this is the first sarcoma- 
specific registry data to be reported in Korea.

We observed that among 3420 patients included in the 
study, surgery comprised the mainstay of treatment, with 
more than 90% of patients with soft tissue sarcomas and 
80% of patients with bone sarcomas receiving surgery as 
their first treatment. This is consistent with previous stu-
dies that used Korean National Health Insurance Service 
(NHIS) data (82%) or American Surveillance, 
Epidemiology, and End Results data (88%).11,12 After the 
initial surgery, a majority of patients (58% of soft tissue 
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sarcomas and 72% of bone sarcomas) did not receive any 
subsequent treatment. Moreover, surgery was a major 
treatment option across all courses of treatment, as it 
accounted for more than 1/3 of subsequent treatments.

Although a majority of patients received surgery alone, 
the proportion of patients who received perioperative radio-
therapy or adjuvant chemotherapy increased over time. This 
can be ascribed to increased understanding of the effective-
ness of adequate radiotherapy, advances in radiotherapy 
techniques, and (despite conflicts) the benefits of adjuvant 
chemotherapy for sarcoma management, in terms recur-
rence-free survival.13–15 These changes in treatment patterns 
along with the implementation of multidisciplinary team- 
based treatment decision during the study period may explain 
the improved survival outcomes in more recently diagnosed 
patients, consistent with previous reports of improved survi-
val outcomes over time.16,17 However, careful interpretation 
is required, taking into consideration other factors, such as 
heterogeneity of sarcomas, data censoring issues, and con-
flicting survival outcomes from previous studies of perio-
perative, multimodal treatment. The prognosis of patients 
who did not receive surgery was poor, which suggests 
a poor prognosis in unresectable/advanced staged 
sarcoma.18,19 Also, elderly patients showed poor prognoses, 
despite treatment, consistent with previous data.20

One of the major strengths of our registry is that it 
includes a relatively large number of patients who were 
treated in a tertiary referral center that has an expert multi-
disciplinary team for sarcoma management, with longitu-
dinal follow-up data for each patient. Although the 
incidence or prevalence of sarcoma in Korea has not 
been clearly demonstrated, a previous study that identified 
sarcoma patients using the International Classification of 
Diseases, 10th revision (ICD-10) reported a nationwide 
annual incidence of 760–1175/year.11 Therefore, despite 
being a single-institutional registry, we believe that our 
data includes a considerable number of patients.

Because of the heterogeneity of the disease, the useful-
ness of large-scale, population-based databases in sarcoma 
research has been well recognized.21 For example, datasets 
generated from administrative/billing data allow the inclu-
sion of a large-sized, nationwide patient population. 
However, such datasets often lack clinically relevant 
variables.22 Also, the identification of sarcoma patients 
using disease codes, especially disease site-based codes, 
is often inaccurate, as sarcomas can arise throughout the 
body.6 Therefore, we identified patients based on ICD-O-3 
codes generated by expert pathologists and curated by 

trained abstractors, as they include both site and histologic 
information. Another strength of our database is that dedi-
cated data managers update the registry regularly accord-
ing to a predetermined case report form, which leads to 
high data completeness. For survival outcomes, both 
inhospital deaths and out-of-hospital deaths are recorded 
by integrating EHR data with NHIS data. Other clinical 
data are derived from a deidentified EHR system (ABLE), 
which acts as an honest broker and protects personal data. 
The ABLE system is also linked to an inhospital tissue/ 
blood bank (Bio-Resource Center), which allows research-
ers to integrate genomic data with clinical information.

This study is limited by its single-center nature. Similar to 
other electronic health record-based, real-world databases, 
some of the clinically relevant data such as the presence of 
measurable disease or response rates were not available. 
Also, although we have showed the feasibility of our regis-
try-based analysis, this institutional dataset is not suitable for 
estimating epidemiology in the entire population, or for 
histologic subtype-specific survival analysis, if it is a rare 
disease. There are currently ongoing attempts to build pro-
spectively collected, sarcoma-specific, multicenter 
cohorts.23,24 These multicenter collaborative approaches 
will provide further improvements in the quality and com-
pleteness of data, along with a higher level of statistical 
significance. Nonetheless, our registry is one of the rare 
sarcoma-specific databases in Asia and the first in Korea. It 
includes a relatively large number of patients who were 
accurately identified by histological diagnoses throughout 
a long study period. The result of this study will provide 
a framework for future studies, which would use the registry.
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