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Survival Rate of Lung Cancer Patients after Diagnosis at the National
Cancer Institute: An Update from the National Cancer Institute

Hospital-Based Cancer Registry between 2020 and 2024
Atit Leklob B.Ed., Rangsriya Buasom M.B.A.
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A real-world, retrospective, observational study to evaluate the safety
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Survival Rate of Lung Cancer Patients after Diagnosis at the National
Cancer Institute: An Update from the National Cancer Institute Hospital-

Based Cancer Registry between 2020 and 2024
Atit Leklob B.Ed.!, Rangsriya Buasom M.B.A.?

'Digital Medical Division, “Strategy and Planning Division

National Cancer Institute 268/1 Rama VI Road, Thung Phaya Thai, Ratchathewi, Bangkok 10400
Corresponding Author: Atit Leklob (Email: atitleklob@gmail.com)

(Received: 25 February, 2026; Revised: 16 March, 2026; Accepted: 9 June, 2026)

Abstract Background: Lung cancer is a leading cause of cancer-related mortality in
Thailand and globally, particularly among patients diagnosed at an advanced stage.
This study aimed to evaluate mortality rates, survival rates, and compare these
among groups of lung cancer patients receiving treatment at the National Cancer
Institute. The specific objectives were: (1) to evaluate the overall survival rate, survival
time, and survival trends of lung cancer patients diagnosed and treated at the
National Cancer Institute between 2020 and 2024, (2) to analyze and compare
survival stratified by key variables including sex, age, cancer cell type, and disease
stage; and (3) to determine survival trends for patients in each stage of the disease.
Methods: This was a retrospective cohort study using data from the cancer registry
database of the National Cancer Institute between January 1, 2020, and December
31, 2024. A total of 1,325 patients diagnosed with lung cancer (ICD-O-3: C33.9,
C34.0-C34.9) were included. Vital status was followed up by linking with the
mortality database of the National Health Security Office. Survival analysis was
performed using the Kaplan-Meier method on 1,312 patients with complete data,

with death as the event of interest. Differences in survival between groups were
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compared using the log-rank test. Median survival times were reported alongside 95%
confidence intervals (Cl). Results: Among the 1,325 patients, 56.53% were male with
a mean age of 63.3 + 11.1 years, and 43.47% were female with a mean age of 62.8 +
11.8 years. The majority had non-small cell lung cancer (96.23%) and were diagnosed
at stage IV (61.96%). There were 338 deaths observed, corresponding to a mortality
rate of 25.51 per 100 person-years. The overall median survival time was 0.93 years
(95% Cl: 0.81-1.03), indicating that half of the patients died within approximately 11
months after diagnosis. The survival rates at 1, 2, 3, 4, and 5 years were 48.2%, 30.9%,
24.2%, 17.4%, and 12.9%, respectively. When stratified by sex, females had a
significantly higher median survival of 1.38 years (95% Cl: 1.15-1.58) compared to
males, who had a median survival of 0.68 years (95% Cl: 0.59-0.80). The 1-, 3-, and 5-
year survival rates for females were 57.4%, 28.8%, and 19.7%, whereas for males,
they were 41.1%, 20.6%, and 6.2%, respectively. When stratified by disease stage,
prominent differences in survival were observed. stage Il had a median survival of
4.60 years (95% Cl: 3.08-upper limit not estimable), stage Ill was 1.25 years (95% Cl:
0.99-1.69), and stage IV was 0.63 years (95% Cl: 0.56-0.74). Kaplan-Meier trends
demonstrated that patients in stage I-Il experienced consistently higher survival,
whereas stage IV showed a rapid decline in survival beginning in the first year.
Conclusion: The majority of lung cancer patients were diagnosed at an advanced
stage and exhibited a median survival of less than 1 year. Sex and disease stage were
significantly associated with survival, with males and advanced-stage patients having
a poor prognosis. The findings of this study reflect the critical need to improve early
detection and increase access to effective treatments to reduce the mortality rate.
(Thai Cancer J 2026;46:78-91)

Keywords: lung cancer, survival analysis, Kaplan—-Meier, cancer registry, National
Cancer Institute
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Ui (Introduction)
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fauls 79U (579) Sowaz (%)
gl 1,325
193 987 74.49
AT 338 25.51
LW
U418 749 56.53
AN 576 43.47
21
Wosnin 65 U 689 52.00
1INNIMTWINAY 65 U 636 48.00
Aade 64.5
amuzmsgqu’%
laeguyns 498 37.58
\EgUYYS (ANUAN) 319 24.08
guyseglutiagiiu 142 10.72
linsanusnsguys 366 27.62

o wva < <
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3 192 14.49
Taidl 482 36.38
Tains1u 651 49.13
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M15197 1 Pwdukaziesaz anvauzn1elszyng anvazaedlsagUieuzsslenilasun1sngig
AadeuarlasunssnwfanUuuziS e seurined w.d. 2563-2567 1WUNANAIUUTANG 9

(n=1,325) (71)

fawUs W (370)  Fowaz (%)
BNTINTIINY
iU IRN19519NY 72 5.43
SeEitlade d09nand 9anT1919 LBNYIDADUTINDT 87 6.57
ATINYAR NIDATIVADN 31 2.34
ﬂ?ﬁ@]i'ﬁﬂ%}uLﬁ@ﬁLLWéﬂigﬂqﬁJ 182 13.74
nansnduilesentgund 953 71.92
Fumisvasiewile
Main bronchus 15 1.13
Upper lobe, lung 503 37.96
Middle lobe, lung 61 4.6
Lower lobe, lung 253 19.09
Overlapping lesion of lung 37 2.79
Lung, Not Otherwise Specified (NOS) 456 34.42
History Grade
Well differentiated 52 392
Moderately differentiated 136 10.26
Poorly differentiated 184 13.89
Undifferentiated 13 0.98
lainsu 940 70.94

aunlsvesuzslan (Laterality)

219U 620 46.79
U198 481 36.3
Wanaing 19 1.43
lainsu 205 15.47
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M15197 1 Pwdukaziesaz anvauzn1elszyng anvazaedlsagUieuzsslenilasun1sngig
AadeuarlasunssnwfanUuuziS e seurined w.d. 2563-2567 1WUNANAIUUTANG 9

(n=1,325) (71)

AkUs U (578) Sawaz (%)

seeza9lsa (Stage of disease)

saedl | 100 7.55
svaedi | 51 3.85
53629 I 257 19.4
svuedl IV 821 61.96
lansuszey 96 7.25
ASLWINTZANY 716 54.04
e vEes 96 13.41
nsean 54 7.54
Fiu 51 7.12
GHON 274 38.27
3u 9 241 33.66
Taiunsnszane 609 45.96
ylinvaawan
Non-Small Cell Carcinoma 1275 96.23
Small cell carcinoma 50 3.77
N33
N1368R (Surgery) 52 3.92
n13R18Las (Radiotherapy) 365 27.55
wiU1Un (Chemotherapy) 363 27.40
nssnwwuuyad (Targeted therapy) 155 11.70
piiAufuUUR (Immunotherapy) 19 1.43
nsraRAnsaldsnw 371 28.00
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Kaplan-Meier survival estimates
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M15199 3 dnsrsendndUaslsauziilentiin NSCLC waz SCLC lasunmsnsiaidadeuazldsunis

e NA T ULZISIINTIR 52190 WA, 2563-2567

N . Median Time 1 2 3
YUAVDIYAR N
(95% ClI) Survival Rate 95% ClI Survival Rate 95% Cl Survival Rate 95% ClI
NSCLC 1,263 0.96 (0.83-1.05) 48.5 45.7-51.3 24.4 21.8-27.1 13.4 10.6-16.5
SCLC 49 0.59 (0.40-1.08) 38.3 24.6-51.8 155 5.83-29.5 155 5.83-29.5

N1531A312%N1550ATNA859 (Overall Survival)

N1534A3189%N15589TNA2835 Kaplan-Meier Wu11A1058514528£81N1550AT NN
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' oA ' a a a
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N13IDATWIMUNAIUNA (Survival by sex)
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winfu¥esas 41.1, 20.6 wag 6.2 MUY (U7 3)

Kaplan-Meier survival estimates
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Abstract Background: Fulvestrant, a selective estrogen receptor degrader (SERD), is a
standard endocrine therapy for HR-positive, HER2-negative advanced breast cancer
(ABC). Despite the recent approval of combination regimens with targeted therapies,
fulvestrant monotherapy remains widely used. However, real-world data from high-
burden, resource-limited settings like Thailand are scarce. Objective: To evaluate the
real-world safety and clinical effectiveness of generic fulvestrant (Eranfu) monotherapy
in Thai patients with HR+/HER2- ABC across treatment lines. Methods: A retrospective
review of 74 medical records of postmenopausal women (=18 years) treated with
fulvestrant between 1 January 2022 and 31 January 2024 was conducted. Of these,
29 patients met inclusion criteria: no prior endocrine therapy, relapse on/after
adjuvant anti-estrogen therapy, or progression on anti-estrogen therapy, with >6
months of follow-up. Patients received Eranfu monotherapy as 1% line (n=4), 2nd line
(n=15), or >3rd line (n=10). Safety was evaluated using CTCAE v5.0. Secondary
endpoints included progression-free survival (PFS), overall survival (OS), and overall
response rate (ORR). Results: Median age was 61 years (range 43-89); 86.2% had ECOG

performance status 0—1. Bone metastases were present in 55.2%, and 51.7% had
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visceral involvement. Patients had received up to two prior lines of endocrine or
chemotherapy. Fulvestrant was well-tolerated, with only eight grade >4 adverse
events. Median PFS was 3.67 months overall, longer in 1** line (6.73 months) than 2nd
(3.27 months) or later lines (4.27 months). Median OS was 30.77 months. ORR was
14.2% overall and 50% with 1! line fulvestrant monotherapy. Conclusion: Fulvestrant
demonstrated favorable safety and efficacy in Thai HR+/HER2- ABC patients, including
those with visceral metastases and prior endocrine therapy. Improved results with 1%
line use underscore the value of early initiation, supporting its continued role across
treatment lines, especially in resource-limited settings. (Thai Cancer J 2026;46:92-113)
Keywords: fulvestrant, advanced breast cancer, endocrine therapy, real-world

evidence

Introduction

Breast cancer is the most prevalent malignancy and the fourth leading cause of
cancer-related mortality worldwide. In Thailand, it accounts for 23.3% of all cancers in women'
with an age-standardized mortality rate of 1 per 100,000 person-years®. Approximately 46.2%
of Thai female breast cancer patients present with locally advanced disease and 26.5% with
metastases”.

Breast cancer subtypes are classified based on hormone receptor (HR) and human
epidermal growth factor receptor 2 (HER2) status, with the HR-positive/HER2-negative
(HR+/HER2-) subtype being the most common®. Approximately 80% of breast cancers express
the estrogen receptor (ER), which promotes tumor growth by triggering an AF1 and AF2
signaling cascade that drives proliferation®.

Endocrine therapy (ET) is better tolerated than chemotherapy for hormone-sensitive
advanced breast cancer (ABC)®, but specific risks exist. Tamoxifen is associated with an increased
risk of endometrial cancer, thromboembolic events, and cerebrovascular events, while
aromatase inhibitors (Als) may negatively impact lipid levels and cause androgenic effects.
Sequential hormonal therapy is standard practice to maintain quality of life, necessitating
agents with distinct mechanisms of action to avoid cross-resistance’.

Tamoxifen and fulvestrant are anti-estrogens that inhibit estrogen signaling via the
estrogen receptor. Tamoxifen, a selective estrogen receptor modulator (SERM), inhibits AF2

activity but retains partial agonist effects. In contrast, fulvestrant, a selective estrogen receptor
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degrader (SERD), disrupts both AF1 and AF2 activity, destabilizing the ER complex and
accelerating its degradation®®, With high ER binding affinity (89% of estradiol), fulvestrant
prevents receptor dimerization and nuclear localization, leading to complete estrogen signaling
inhibition”101!,

Fulvestrant was introduced into clinical practice in 2002 with an initially approved
dose of 250 mg. The currently approved standard dose is 500 mg, and administered every 14
days for the first three doses, and then every 28 days thereafter!? Clinical trials have well-
established the role of fulvestrant in ABC. Two parallel studies showed that fulvestrant (250
mg every 4 weeks) was as effective as anastrozole in postmenopausal women with ABC
progressing after prior ET, with comparable median time to progression in both studies (5.5 vs.
5.1 months and 5.4 vs. 3.4 months)>*. A trial comparing fulvestrant with tamoxifen in patients
without prior ET for metastatic breast cancer (mBC) found no significant difference in median
time to progression (6.8 vs. 8.3 months; hazard ratio [HR] 1.18; p = 0.09)".

In 2010, the phase Il CONFIRM trial reported a 20% reduction in the risk of progression?®,
19% reduction in the risk of death and a 4.1-month difference in median overall survival
(0S) with fulvestrant 500 mg vs 250 mg and no additional toxicity concerns!’. The superiority
of 500 mg dosage was consistent in both the 1% and 2™ line settings'®'”. Furthermore, the
randomized phase Il FALCON trial demonstrated significant improvement in progression-free
survival (PFS) with fulvestrant 500 mg versus the 3™ generation Al anastrozole 1 mg (HR 0.80,
95% Cl 0.64-1, p=0.05) in postmenopausal women with ET-naive, HR+/HER2- ABCs?. The final
OS analysis of the FALCON study demonstrated a 15% reduction in the relative risk of death
with fulvestrant versus anastrozole (median OS, 65.2 vs 47.8 months; HR 0.85 [95% Cl, 0.60 to
1.20]) in patients with non-visceral disease?'. In August 2017, the United States Food and Drug
Administration (US FDA) expanded the approval of fulvestrant to include monotherapy for
postmenopausal women with advanced HR+/HER2- breast cancer who had not received prior
endocrine therapy?.

Fulvestrant in combination with CDK4/6 inhibitors (palbociclib, ribociclib, and
abemaciclib) is approved for the treatment of hormone receptor—positive/human epidermal
growth factor receptor 2-negative (HR+/HER2-) metastatic breast cancer in several Southeast
Asian countries, including Thailand, Vietnam, and Malaysia. However, reimbursement for these
regimens in Thailand remains limited and is typically restricted to select public insurance
schemes (e.g., the Civil Servant Medical Benefit Scheme, CSMBS), resulting in constrained

access for much of the population. Recent data from the MONARCH-2 and MONALEESA-3 trials
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also indicate an OS benefit, supporting the use of fulvestrant in combination with CDK4/6
inhibitors as a potential 1% line treatment option?.

The real-world applicability of fulvestrant in the high disease burden Thai population
remains unexplored. Therefore, we conducted a real-world, retrospective, observational study
to evaluate the safety and efficacy of fulvestrant monotherapy (generic fulvestrant ‘Eranfu’ by
Dr. Reddy's Laboratories Ltd.) in patients with HR+/HER2- ABC across various lines of treatment.
This particular fulvestrant formulation was used because it was the available product at the

study center during the study period.

Materials and methods

This was a single-arm, retrospective, single-centre, real-world study. Ethical approval
was obtained from the ethics committee of the Institutional Review Board (IRB), (COA No.
0869/2024, IRB No. 0369/67) from the Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand prior to commencing the study. Medical records of 74 patients with HR+/HER2- ABC,
who received treatment with fulvestrant at King Chulalongkorn Memorial hospital January 1,
2022, and January 31, 2024, were collected and analyzed retrospectively. Included patients
were postmenopausal females aged >18 years diagnosed with HR+/HER2- ABC, who were
treated with fulvestrant as monotherapy, with at least 6 months of follow-up data. The
patients were either those who had not previously been treated with endocrine therapy, or
with disease relapse on or after adjuvant anti-estrogen therapy, or with disease progression on
anti-estrogen therapy.

Patients receiving newer treatments (like PARP inhibitors or CDK 4/6 inhibitors such as
palbociclib, ribociclib, or abemaciclib) along with fulvestrant, or those taking part in any clinical

study during fulvestrant treatment were excluded. (Figure 1)

Records assessed for eligibility (n=74)

Records excluded (n=45)
= Combination therapy
= Patientparticipatedin any clinical trial
= Data unavailable for at least 6 months ‘

5

Records included for
analysis (n=29)

= Patientsreceived fulvestrant
(Eranfu) monotherapy

= Minimum 6 months of follow-up
data available

Figure 1 Study flowchart

95



v NIENIlaANzS U 46 atiuN 2 wgun1Au - FIMAN 2569

\\\\\\\\\

In this study, patients received intramuscular fulvestrant at a dose of 500 mg every 28
days. The number of treatment cycles ranged from 1 to 24. At the time of the last follow-up,
fulvestrant therapy was ongoing in 2 patients, one receiving it as 2™ line treatment and the
other as 3 line.

Data collected were segregated based on patient demographics, dates of first diagnosis
of breast cancer, adjuvant therapy, date of ABC diagnosis, dates of start/end of the treatment
and line of use of fulvestrant. The lines of fulvestrant treatment included front-line ET for
patients not previously treated with ET for metastatic disease, after prior adjuvant ET for
patients with disease relapse on or after adjuvant anti-estrogen therapy, or subsequent lines
(2" line or more) of ET for patients with disease progression on anti-estrogen therapy.
Laboratory evaluations included hematology, hepatic and renal function tests, and 12-lead
ECG. All adverse events (AEs) and serious adverse events (SAEs) during treatment, all
concomitant therapies during the treatment period of the study and reasons for their use, and
clinical efficacy measurement results with dates and methods such as clinical judgment and

radiological investigations (PET/CT, MRI, and bone scans) were also collected.

Study endpoints

Safety assessment was the primary outcome. Clinical AEs were recorded based on the
type of adverse events, incidence, nature, and severity of all adverse events by using the
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0. SAEs and the assessment
of the relationship of AEs/SAEs to the study treatment were also recorded.

Secondary outcomes aimed to assess the clinical effectiveness of fulvestrant by
evaluating progression-free survival (PFS), overall survival (OS), overall response rate (ORR),
complete response (CR), and partial response (PR). ORR is defined as the proportion of patients
with CR or PR. PFS is defined as the duration from the initiation of fulvestrant treatment to
disease progression or death from any cause. OS is defined as the duration from the start of
fulvestrant treatment to death from any cause.

Categorical data were summarized as frequency and corresponding proportions. For
continuous data, frequency, median, inter-quartile range, mean (as appropriate), and standard
deviation were calculated. The correlation between patient clinicopathologic features and
survival was evaluated using Fisher’s exact test (for categorical variables), and the Wilcoxon
rank-sum test (for quantitative variables). A descriptive summary report in the form of a

frequency table for CR, PR, and ORR was prepared. Kaplan—-Meier and log-rank methods were
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used to determine PFS and OS. The ORR was estimated together with the exact two-sided 95%

confidence interval. SPSS version 26 was used for statistical analysis.

Results
A total of 29 patients with HR+/HER2- advanced breast cancer who received
fulvestrant monotherapy and had complete and adequate clinical data were included in the

analysis.

Patient characteristics

The median age of the cohort was 61 years (range 43-89). The mean age at the
diagnosis of breast cancer was 55.21 years (SD 13.28 years). Nearly a quarter of the patients
(24.1%, n=T7) presented with metastatic disease at diagnosis, while 37.9% (n=11) presented
with locally advanced disease (stage 3A-7, 3B-2, 3C-2). Among the patients, 68.9% (n=20) had
previously received an adjuvant therapy either endocrine therapy or chemotherapy while 45%
(9 out of 20) received both. Tamoxifen was the most common endocrine treatment prior to
starting fulvestrant. the maximum number of prior endocrine treatments were two. Systemic
chemotherapy administered to 55% (n=11), with a maximum of two chemotherapy regimens.
96.5% (n=28) patients had metastatic disease, and visceral involvement was present in 51.7%
(n=15). Among those, 6 (40%) had metastases in multiple visceral organs. The lungs were the
most commonly affected, followed by the liver, pleura and adrenal gland. Among patients
with non-visceral metastases, bone involvement was most common followed by nodal
metastases.

Detailed information regarding our cohort of patients including baseline patient and

tumor characteristics, prior endocrine and cytotoxic chemotherapies are shown in Table 1.
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Table 1 Baseline demographics

Baseline Characteristics

n (%) (Total N=29)

Mean age (SD) at first diagnosis of breast cancer

Menopausal status
Post menopause

Comorbidities

Diabetes
- HT
- Dyslipidemia
- CKD
- QWD
ECOG

Hormonal receptor status
- ER+
- ER status unknown
- PR+
- PR-
HERZ2 receptor status
- IHCO
- HC1
- IHC2
Stage at diagnosis of breast cancer
-1
- 2
-3
- 4

- Unknown*

55.21 years (13.28)

29 (100)

5(17.24)
14 (48.28)
8 (27.59)
2 (6.90)

1 (3.45)

2 (6.90)
23 (79.31)
4(13.79)

28 (96.55)
1 (3.45)
25 (86.21)
3(10.34)

8 (27.59)
11 (37.93)
10 (34.48)

2 (6.90)

8 (27.59)
11 (37.93)
7(24.14)
1(3.45)
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Table 1 Baseline demographics (cont.)

Baseline Characteristics n (%) (Total N=29)

De novo metastasis (total n=29) 7(24.14)
Recurrent disease (n=22)

- RFI < 12 months 2(9.09)

- RFI > 12 months 20 (90.91)
Adjuvant therapy (n=20)"

- Chemotherapy (n=11)

» Anthracycline-based 7 (63.63)
+ Taxane-based 3(27.27)
« Others 1(9.09)

- Endocrine treatment (n=18)

« Tamoxifen alone 10 (55.56)
+ Sequential Tamoxifen then Als 1 (5.56)
« Aromatase inhibitor alone 7 (38.89)

Metastasis sites (n=29)

- Liver 7(24.14)
- Lung 9 (31.03)
- Bone 16 (55.17)
- Pleura 3(10.34)
- Adrenal 1(3.44)

- Lymph node 12 (41.38)

Number of metastatic sites (n=28)*

- <3sites 24 (85.71)
- 2 3sites 4(14.28)

Abbreviations; ABC: Advance breast cancer, Al: Aromatase inhibitors, CDK4/6: Cyclin-Dependent Kinase 4 and 6, CKD: Chronic
kidney disease, CVD: Cardiovascular disease, ECOG: Eastern Cooperative Oncology Group, ER: Estrogen receptor, HER2: Human
Epidermal growth factor Receptor 2, HT: Hypertension, IHC: Immunohistochemistry, PR: Progesterone receptor, RFl: Recurrence-
free interval, SD: Standard deviation

* Stage/diagnosis was not documented for 1 patient (shown as 'Unknown); a known stage was available for 28 of 29 patients.
1 Of the 22 patients with non-de novo metastasis, adjuvant therapy details were unavailable for 2 patients; chemotherapy and
endocrine-treatment percentages are therefore calculated out of the 20 patients with documented adjuvant therapy (n=20).
+ Number of metastatic sites is reported among the 28 patients with metastatic disease (n=28), one patient had no distant

metastasis. Note: Percentages are calculated out of the subgroup denominator (n) shown in each section header.
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Treatment pattern for advanced breast cancer

Endocrine therapy was the most commonly employed 1° line treatment for the ABC patients
(n = 14, 48.3%), with letrozole being the most frequently administered agent, followed by
fulvestrant. Endocrine therapy remained the preferred approach in the 2™ line setting, where
fulvestrant emerged as the predominant agent. Among patients who had not received
fulvestrant in the 1°t or 2" line, 6 out of 10 were subsequently treated with fulvestrant as a 3™

line option. (Figure 2)

15" line of treatment 2" line of treatment
Fulvestrant- 4
‘ Fulvestrant- 15
ET: n=14 Tamoxifen- 3
‘ Tamoxifen- 1
Letrozole- 7
waacnclubglatrozoler 1 ET. n=22 I ‘ Letrozole- 4
€ | | CDK4/B+ET n=10
k) Palbociclib+let |
,g || albocic wb2+ etrozole ‘ Exemstane- 1
& a
Capacitabine-1 _E
= | : M -1
g egace
]
Paclitaxel-1
f—  CDKA4/8+ET. n=1 1 Ribociclib+letrozole- 1
H CT. n=5 i Docetaxel-1
— CT. n=2 1 ‘ Capacitabine- 2

[Capacitabine+paclita
xel- 1
Anthracycline- 1

Figure 2 Fulvestrant treatment across various lines of treatment

Abbreviations; CDK: Cyclin-Dependent Kinase, CT: Chemotherapy, ET: Endocrine therapy

Safety outcomes

Safety outcomes were assessed in 29 patient records. Fulvestrant demonstrated a
favorable safety profile across all lines of treatment, with no cases of treatment discontinuation
due to fulvestrant-related toxicity. Severe cardiac toxicity was absent, with no instances of
grade 4 QTc prolongation reported across the cohort. Hematological toxicities were rare and
manageable. Only 1 patient experienced grade 4 anemia, this patient had received fulvestrant
as 3" line of treatment. Pre-existing anemia was documented in 8 patients at 1** line and in 2
patients at 2" line therapy. Grade 4 neutropenia was largely absent, while grade 4
thrombocytopenia was observed in one patient who had received fulvestrant as 4™ line agent.

With regards to liver toxicity, grade 4 AST/ALT elevations were observed in 6 patients
receiving fulvestrant at different lines (1 each in the 1%, 3, 4" and 5" line; 2 in the 2" line).
Two patients each had pre-existing AST/ALT elevations at 1° line and 2™ line treatment. Grade
4 gastrointestinal toxicity (nausea and vomiting) was not reported in any patient, and no worst

injection site reactions were observed throughout fulvestrant administration.
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Efficacy outcomes

PFS was assessed in 28 out of the 29 patients, as one patient declined further treatment
after the initial therapy, and progression data from subsequent lines of treatment was
unavailable. OS and ORR were analyzed in all 29 records. In addition, visceral involvement could
not be determined in one patient; this patient was therefore included in the overall analysis but
excluded from the visceral and non-visceral subgroup analyses. Consequently, the subgroup
analyses included 27 patients for PFS—15 with visceral disease and 12 with non-visceral
disease—and 28 patients for OS—15 with visceral disease and 13 with non-visceral disease. The
overall analyses included 28 patients for PFS and all 29 patients for OS.

The median PFS for the entire cohort was 3.67 months (95% Cl: 2.28-5.05) following
fulvestrant treatment. Patients with visceral metastases had a shorter median PFS of 3.20
months (95% Cl: 1.35-5.05) whereas patients with non-visceral metastases had the same median
PFS of 3.67 months (95% Cl: 0.05-7.29). Kaplan-Meier survival curves were generated to evaluate
PFS and OS according to metastatic pattern (visceral vs. non-visceral) and various treatment
lines (Figure 3 a-d). Patients with non-visceral metastases showed slightly longer median PFS
(3.67 months) compared with those with visceral metastases (3.20 months) (Figure 3a). When
stratified by treatment lines, patients receiving fulvestrant as 1°* line treatment had a median
PFS of 6.73 months (95% Cl: 0.00~14.02), while patients receiving fulvestrant as 2" line treatment
had a median PFS of 3.27 months (95% Cl: 2.13-4.40). In patients receiving fulvestrant as 3rd-
line or beyond, the median PFS was 4.27 months (95% Cl: 0.27-8.26). (Table 2, Figure 3c)

Table 2 Survival outcomes across the various line of treatment*’

Median PFS Median PFS Median OS Median OS
Subgroup n (months) (days) n (months) (days)
(95% CI) (95% ClI) (95% ClI) (95% ClI)
3.67 110 30.77 923
Overall 28 29
(2.28-5.05) (68.52-151.49) (20.11-41.43) (603.19-1242.82)
3.20 96
Visceral 15 15 21.0 (NE) 630 (NE)
(1.35-5.05) (40.46-151.54)
Non- 3.67 110 30.77 923
12 13
Visceral (0.05-7.29) (1.37-218.63) (20.17-41.37) (605.06- 1240.94)
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Table 2 Survival outcomes across the various line of treatment (cont.)

Median PFS Median PFS Median OS Median OS
Subgroup n (months) (days) n (months) (days)
(95% CI) (95% Cl) (95% ClI) (95% CI)

1 line 6.73 202 5125

q q NE
fulvestrant (0.00-14.02) (0.00-420.54) (279.12-745.89)
2" line 3.27 98 23.57 707

15 15
fulvestrant (2.13-4.40) (63.92-132.08) (18.69-28.44)  (560.83-853.17)
>3 line a.27 128 30.77 923

9 10
fulvestrant (0.27-8.26) (8.21-247.79) (0.00-69.16)  (0.00-2074.75)

Abbreviations: Cl: Confidence interval, n: Number, NE: not evaluable, PFS: Progression-free survival, OS: Overall survival

* PFS was evaluable in 28 patients since 1 patient (in the >3rd-line group) declined further treatment after initial therapy and

had no evaluable progression data. OS and ORR were assessed in all 29 patients.

Visceral involvement could not be determined in 1 patient, who is included in the overall analysis but not in the visceral/non-

visceral subgroups. Accordingly, the visceral (n=15) and non-visceral (n=12) subgroups sum to 27 for PFS analysis and 28 for OS

(visceral n=15 and non-visceral n=13).

Similarly, the median OS was 30.77 months (95% Cl: 20.11-41.43) in patients with non-visceral

metastases, which was longer than the median OS in patients with visceral metastasis, which

was 21.0 months (95% ClI: not estimable [NE]) (Figure 3b). Based on the treatment line, OS was

not evaluable in patients receiving 1 line fulvestrant. Patients receiving 2" line treatment had
a median OS of 23.57 months (95% Cl: 18.69-28.44), while those on 3™ line or beyond had a
median OS of 30.77 months (95% Cl: 0.00-69.16). (Table 2, Figure 3d)
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Figure 3 Kaplan-Meier survival curves showing progression-free survival (PFS) and overall
survival (OS) of patients based on metastatic patterns and treatment lines

3a. Progression-free survival in patients with visceral and non-visceral disease, 3b. Overall
survival in patients with visceral and non-visceral disease, 3c. Progression-free survival across
various line of fulvestrant treatment, 3d. Overall survival across various line of fulvestrant
treatment

3a. Out of 15 patients with visceral disease, 1 patient was censored. The median PFS was 3.20
months (95% Cl: 1.35-5.05) or 96 days (95% Cl: 40.46-151.54). Out of 12 patients with non-
visceral disease, 1 patient was censored. The median PFS was 3.67 months (95% Cl: 0.05-7.29)
or 110 days (95% Cl: 1.37-218.63).

3b. Out of 15 patients with visceral disease, 5 patients died, while 10 patients were censored.
The median OS was 21 months or 630 days. Out of 13 patients with non-visceral disease, 5
patients died, while 8 patients were censored. The median OS was 30.77 months (95% Cl:
20.17 - 41.37) or 923 days (95% Cl: 605.06-1240.94).

3c. Out of 4 patients receiving 1% line fulvestrant monotherapy, 1 patient was censored. The
median PFS was 6.73 months (95% CI:0.00- 14.02) or 202 days (95% Cl:0.00- 420.54). Out of 15
patients receiving 2" line fulvestrant monotherapy, 1 patient was censored. The median PFS
was 3.27 months (95% Cl: 2.13-4.40) or 98 days (95% Cl: 63.92-132.08). Out of 9 patients
receiving >3 line fulvestrant monotherapy, 1 patient was censored. The median PFS was 4.27

months (95% Cl: 0.27 -8.26) or 128 days (95% Cl: 8.21-247.79).
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3d. Out of 4 patients receiving 1* line fulvestrant monotherapy, 1 patient died, while 3 patients
were censored. The mean OS was 17.08 months (95% Cl: 9.30- 24.86) or 512 days (95% Cl:
279.11- 745.89). Out of 15 patients receiving 2™ line fulvestrant monotherapy, 5 patients died,
while 10 were censored. The median OS was 23.57 months (95% Cl: 18.69-28.44) or 707 days
(95% Cl: 560.83-853.17). Out of 10 patients receiving >3 line fulvestrant monotherapy, 4
patients died, while 6 were censored. The median OS was 30.77 months (95% Cl: 0.00-69.16)
or 923 days (95% Cl: 0.00-2074.75).

The DCR (CR+PR+SD) was 53.5% (15/28). Meanwhile, the ORR (CR+PR) was 14.2% (4/28). For
patients receiving 1°* line fulvestrant treatment, the DCR was 75% (3/4) while the ORR was 50%
(2/4). For patients receiving 2" line fulvestrant treatment, the DCR was 53.33% (8/15) and the
ORR was 6.67% (1/15). In patients receiving 3" line or beyond fulvestrant treatment, the DCR
was 44.45% (4/9) and the ORR was 11.12% (1/9).

None of the clinical or pathological variables analyzed had a significant impact on survival,
including diabetes mellitus (p=1.00), hypertension (p=0.52), dyslipidemia (p=0.68), progesterone
receptor status (p=0.44), HER2 receptor status (IHC p=1.00, ISH p=0.43), Ki67 index, (p=0.53), de
novo versus recurrent disease (p=0.37), local recurrence (p=1.00), metastatic sites (liver, lung,

bone, and pleura, all p=1.00).

Discussion

The efficacy and safety of fulvestrant are primarily supported by pivotal clinical trials,
but real-world data is crucial for assessing its effectiveness in clinical practice. This study in Thai
population evaluated fulvestrant monotherapy in ABC and its outcomes across different lines
of treatment. The study aimed to evaluate the clinical outcomes associated with fulvestrant
therapy in real-world practice rather than to compare different commercial formulations.
Fulvestrant showed anti-tumor activity comparable to the clinical trials. Notably, median PFS
was longer in 1° line treatment compared to the 2" and later lines of treatment.

The majority of patients were ER+ (96.5%) and PR+ (86.2%), with half presenting with
visceral metastases. This is in line with real-world studies from the Asian region®*. Fulvestrant
treatment was well-tolerated, with no cases of toxicity-related discontinuation and a low
overall toxicity burden.

The median PFS for the overall population was 3.67 months, which is lower than 5.5
months reported in retrospective real-world studies from Western countries on locally

t25

advanced or metastatic ER+/HER2- breast cancer treated with fulvestrant®. The relatively
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shorter PFS in our study may therefore reflect variations in patient characteristics, such as prior
exposure to endocrine therapy, the presence of visceral metastases, and fulvestrant use in
later-line treatment settings. These factors are recognized to affect treatment responses and
may account for some variations in results among various real-world studies. However, the
ORR of 14.2% in our cohort was similar to the 15% observed in the Western study, indicating
comparable effectiveness. Endocrine therapy is typically preferred for patients with a low
tumor burden and a better prognosis, and bone-only metastasis®®?’. This was likely the case in
the Western study, where all patients had received a median of 2 prior lines of endocrine
therapy but no prior chemotherapy. In contrast, 37.9% of patients in our study had received
chemotherapy. Bone metastasis was present in 72% of patients in the Western study, whereas
our study included only 55.2% patients with bone involvement. These differences potentially
reflect the high and diverse tumor burden of our population. Furthermore, 10.2% of our
patients received fulvestrant as a 4™ or 5" line of treatment and were endocrine resistant.
Notably, the median OS in our study was 30.77 months, exceeding the 22.5 months reported
in the Western study. This difference could be explained by lower visceral involvement in our
cohort (50% vs. 69%) and differences in treatment patterns, as a slightly higher proportion of
our patients (13.8% vs. 10%) received fulvestrant as a 1** line treatment. These findings suggest
that fulvestrant is effective in the Thai population, with outcomes influenced by patient
characteristics and treatment strategies. Although PFS was shorter in our study, OS was
comparable to that in the Western study. This difference in PFS may reflect differences in
patient populations, as many patients in our cohort had endocrine-resistant disease, which
could have contributed to a shorter median PFS compared with other studies. OS, however,
reflects the cumulative effect of multiple treatment lines and may be influenced by factors
beyond initial treatment response, including subsequent systemic therapies after progression
and differences in follow-up duration.

Our findings highlight the efficacy of fulvestrant in a younger patient population,
including those with visceral metastases. Notably, there was no difference in median PFS
between visceral and non-visceral subgroups, the pattern consistent with real-world
observational studies on fulvestrant like the one by Blancas | et al?8. Furthermore, survival
outcomes remained consistent regardless of the site of visceral metastases, reinforcing the
treatment's effectiveness across different metastatic profiles. However, the median PFS in our
study was shorter than that reported by Blancas et al., likely due to differences in patient

characteristics. Although a higher proportion of ER-positive patients is generally associated with
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improved endocrine responsiveness, PFS is affected by multiple clinical factors beyond ER
status. In our study, a considerable proportion of patients had received prior endocrine therapy
or received fulvestrant in later treatment lines, suggesting endocrine resistance and likely
shorter PFS. In our cohort, nearly all of our patients were ER+, compared to only 68.8% in the
Blancas study. Another key difference is that 24.1% of our patients presented with de novo
metastatic disease, whereas none in the Blancas study did. Local relapse was more common
in our study (20.7% vs. 10.2%). Notably, 16.66% of our patients had a disease-free duration of
less than 12 months following adjuvant endocrine therapy, suggesting endocrine resistance.
Nearly a quarter of our patients (24.1%, n=7) were diagnosed with advanced disease at
presentation. Among these, 3 patients (42.9%) were diagnosed with ABC at age <50 years, a
well-established risk factor® for more aggressive disease and poorer prognosis. These
differences may explain why PFS was shorter in our population.

Fulvestrant is recommended as a standard 1°! line endocrine therapy for HR+ ABC.
Findings from the phase Il FIRST?*° and phase Ill FALCON®! trials suggest that fulvestrant is
more effective than third-generation aromatase inhibitors in patients without prior endocrine
therapy. Though in our study, patients receiving first-line fulvestrant had a median PFS of 6.73
months, which was lower than real-world Western (14.6 months)?® and Asian studies (13 and
14.1 months)***2. However, the ORR (50%) for 1°' line fulvestrant in our study was notably
higher than those reported in the Western (35.2%) and Asian cohorts (11.3% and 3.8%). The
shorter PFS was likely due to the patients’ primary endocrine resistance profile and disease
progression to metastatic disease during adjuvant endocrine therapy. Since we do not routinely
test for molecular profile of the disease at progression, it might be possible that these patients
carry a genetic characteristic associated with poor prognosis (e.g., ESRI mutation, PIK3CA
mutation or others).

The median PFS was longer for 1 line fulvestrant (6.73 months), compared to 2" line
(3.27 months) and later-line (4.27 months) treatments, emphasizing the importance of early
initiation of fulvestrant therapy to optimise treatment outcomes. This finding aligns with
findings from a multicenter retrospective study of 1,072 advanced/metastatic breast cancer
patients in Japan reported by H. Kawaguchi et al, where 1°%/2" line fulvestrant use was
associated with improved efficacy compared to 3™ or 4™ line of treatments (1° and 2" vs. 3™
vs. 4™ line; HR = 0.80, p < 0.001)*.

Second line fulvestrant monotherapy is one option for patients with HR+ mBC who progress

on 1°t line treatment with CDK 4/6 inhibitors®*. In our study, the median PFS (3.27 months) was
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shorter than that reported by other Asian real-world studies in ABC patients (6.0 months) who
received fulvestrant as maintenance therapy®. Notably, the ORR in our study (6.67%) was
slightly higher than that reported in other Asian studies (5.5%)?, which may be attributed to
differences in primary resistance to endocrine therapy. Moreover, nearly 32% of the patients
receiving 2" line fulvestrant were diagnosed with breast cancer at young age (< 50 years old)
which could have contributed to the more aggressive nature of the cancer. Additionally, our
findings indicate that prior 1 line treatment with chemotherapy or endocrine therapy did not
significantly impact the efficacy of 2" line fulvestrant treatment, reinforcing its role as an
effective option following chemotherapy or endocrine therapy. These results further support
the use of fulvestrant as a viable 2™ line therapy in HR+ ABC.

In this study, the PFS for all patients, 1° line users, and 2" line users were 3.67, 6.73,
and 3.27 months, respectively, which is shorter than the PFS reported in clinical trials. This
discrepancy may be due to the fact that most patients in the FALCON trial had not received
prior treatments, including neoadjuvant or adjuvant therapy (in the fulvestrant arm,
neoadjuvant chemotherapy was administered to 5% of the patients, while 15% received
adjuvant chemotherapy. Additionally, 1% had undergone hormonal therapy)®. In contrast, the
majority of patients (62%) in our study had undergone adjuvant endocrine therapy, which may
have reduced the effectiveness of subsequent hormonal treatments. Both our study and
previous clinical trials indicate that initiating fulvestrant earlier is linked to improved patient
outcomes. Additionally, prolonged exposure to multiple lines of endocrine therapy can lead
to changes in ER status, potentially contributing to drug resistance. Our findings reinforce the
importance of administering fulvestrant at an early stage for patients with HR+ ABC. In the
FALCON trial, 20% of the participants had previously received chemotherapy. However, in
clinical practice in Asian countries, HR+ ABC patients typically undergo chemotherapy before
starting endocrine therapy, which was also observed in our study.

The median PFS for 3"“line or later fulvestrant treatment in our study was 4.27 months,

)32, Similar to other lines of

which was lower than the real-world Chinese study (6.7 months
therapy, the ORR was higher in our cohort (11.12%) compared to the 1.1% reported in the
Chinese study, suggesting potential efficacy in later-line treatment. These findings underscore
the relatively underexplored role of 3" line fulvestrant in ABC and highlight the need for
further research in this setting.

A retrospective cohort study from the West observed a higher OS in early-line

fulvestrant treatment (<3 prior lines: 26 months) compared to later-line therapy (=3 prior lines:
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16 months)*® likely due to a higher rate of prior chemotherapy before initiating fulvestrant. This
underscores the impact of treatment sequencing and the importance of optimizing fulvestrant
use in later lines to improve outcomes in HR+ ABC.

Our study has few limitations. Firstly, it was a single-center retrospective analysis with a
small sample size especially for 1* line therapy, which may limit generalizability. Secondly, the
absence of a comparative arm prevents direct evaluation of fulvestrant’s efficacy relative to
other agents. Thirdly, drug resistance, a known challenge in endocrine therapy, was not
assessed due to resource limitations. Lastly, the present study did not include healthcare cost
or resource utilization data; therefore, a cost-effectiveness analysis could not be performed.

Recently fulvestrant plus novel targeted therapy have been approved in this setting,
but fulvestrant monotherapy is still one of the options in HR+ve HER2- ABC in real world
practice. A key strength of our study lies in its comprehensive assessment of fulvestrant
monotherapy across both early and later lines of treatment, with later-line use being

particularly underrepresented in the existing literature.

Conclusion

Fulvestrant demonstrated sustained disease control and a favorable safety profile in
Thai patients with HR+/HER2- advanced breast cancer, including those with visceral metastases
and prior endocrine therapy. Our study highlights its effectiveness in both early and later
treatment lines, demonstrating a satisfactory median PFS and manageable adverse event
profile even in patients with visceral metastases or those with prior exposure to endocrine
therapy.

Although, current guidelines recommend a combination of Al with three CDK4/6
inhibitors (palbociclib, ribociclib, and abemaciclib) as a first-line therapeutic options for
HR+/HER2-metastatic breast cancer, fulvestrant monotherapy remains a well-tolerated
treatment option for selected patients. These include patients with low disease burden (e.g.,
non-visceral or bone-only disease) who are endocrine-naive or have relapsed after prior
Al/tamoxifen, particularly when first-line ET plus a CDK4/6 inhibitor has already been used or is
not feasible, or when no actionable PIK3CA or AKT/PTEN alteration is identified to support
later-line targeted options. Moreover, fulvestrant monotherapy remains a commonly utilized
option for HR-positive, HER2-negative advanced breast cancer in real-world clinical practice,
even though combinations of fulvestrant with new targeted therapies have received recent

approval for this setting. Its effectiveness remains unaffected by prior chemotherapy or
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endocrine therapy, supporting its role in later treatment lines as well. While established in
advanced HR+ breast cancer, ongoing research aims to refine its optimal use through

biomarker-driven selection and combination strategies.
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Abstract Background: Maintaining a consistent and adequately filled bladder is crucial for
the precision and efficacy of radiation therapy in prostate cancer patients. Objective: To
compare bladder volume, measurement deviations of bladder dimension along three
axes (X, Y and Z), duration of urine retention, and the number of Cone Beam Computed
Tomography (CBCT) scans before radiotherapy between the simulation day and
treatment days. Methods: This analytical cross-sectional study included 33 prostate
cancer patients undergoing radiotherapy at the Department of Radiation Oncology,
National Cancer Institute, from June 23, 2025, to June 23, 2026. Results: The mean
bladder volumes on the simulation and treatment days were 115.22 + 30.45 mL and
118.46 + 39.16 mL, respectively, showing no significant difference (P=0.323. However, no
significant differences were observed in the X-axis (left-right), Y-axis (anterior-posterior),
and Z-axis (superior-inferior) dimensions P=0.298, P=0.546, and P=0.420, respectively.
Urine-holding duration and the number of imaging sessions also differed significantly
between the simulation and treatment days (P<0.001). There was a significant positive
correlation between bladder volumes on the simulation and treatment days (B=0.72,
P<0.001). These values were consistent across all three axes (P< 0.05) Conclusion: The
study found no significant difference in bladder volume and size in between the

simulation and radiation days, while urinary continence time and the number of
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INSTITUTE

imaging sessions increased significantly. This indicates that despite increased pre-
iradiation time and more positional checks, bladder volume and size could be
controlled to levels close to those of the simulation day, demonstrating the
effectiveness of the treatment. Guidelines for bladder preparation and pre-radiation
site selection procedures prostate cancer patients. (Thai Cancer J 2026;46:114-129)
Keywords: prostate cancer, bladder volume, radiation therapy
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unidn (Introduction)
uzseugnunniodunddutiymassugeiddyuesiseilaninefuuldudiuiy
mudndnlszeng! usiSaengnumnnuianuynunidududuil 2 Tumanes sesnuziseen
Lagn UL uSUSTY 4 wntfusIuTsaa e L2 wur Uneselvauseunn 1,467,854 51868l
vialan AnLdudnsidruninsgiunueny (Age-Standardized Rate; ASR) 8¢l 29.4 AureUsEYINS

100,000 A fdfided3Inuszana 397,430 s1esiel vidlanAndudnsidiuaudsudedin (ASR)

=

7l 7.3 ausioUszwIns 100,000 Aut §idervgya1nn1saldnnielud w.e. 2583 1uiudUieuss
sengnviinnseviavlanagnauis 2.4 usenel uwazesdfdedinfutudy 712,000 sesed

o

Fadunalnonssannisiivssrnslandengdofiduenntu maaededluugSeiougnuunn dagii
Tdwaliantsanesedadelnd wu n1saneseduuudsuauidy (Intensity Modulated Radiation
Therapy; IMRT) agn15a1859@uuuUTuaudunyusauain Uae (Volumetric Modulated Arc
Therapy; VMAT) 9z aeiiiuuszans anlunisnszateusunasidannisldsusidveseToisuni
Aes wazanszeznallusnuila eg1slsinuaiugniesuasaiuwdugilunisliuiuiusd
Fapsinannannnisasuulaseshunisasysunnsveseerzniglusanielneaniznseinng
Jaanzdaduetorzfiaunsovdsunlaiumnsidnaonsseziiainssnew dmunssnuusss
AougnuNeIeFd@sny wneuiuRaumasguimualigtae danznssmnzdaansdu (Full
Bladder) felufusianenissnudieindsnenssdaeniinnesauiid (CT-Simulator) wazfuaie
$98939 Wiateannsndeuiiveseiznely anUsuausdnetmsunidrufedldsu uasfinainy
wiugweanN3nY aenndeafiuauideue Fischer J wagany® afuayulLIMMaATgUTlHEe
fiamznszmnzdaansdy (Full Bladder) vialuSusiaesnissnundae CT-Simulator wazfuaie
98939 Tnpauidednuannisd Full Bladder Yasannisind sufivesaTerzaiely (seometrical
variation) anU3inassafieToazunidindes wu dilduavnssmnzdaans 165U wazifiuninuulue)
Y9In155nw FatuUsinasnssnedaanslusuanesidsimsiandndidesiuusinnsilaenntu
$1aeamssnwnniige eg1dlsfnunisussifiuuiumnsnssinstaanslun sjdasnedonis
FUnNAFIa18A191INAMNE 1819598 §eo1anelfiAnALAAIALAG BUIINAIILLANFAIITZNINS
AUTEIIY dmalvinmsinaulasunisanefdialiviveuwarenvdmaseruuiugivesnssnuld
dowmil fHfedsaulafinm 1) maFeudieutiinesnssmedaanzsenihiusiaeanisinyiuay
FunnededluUisusiswengnmnnlagldtayaainaim CT-Simulator 1FwInUIIIRTNTENE
Jaanignleaninsed (Ellipsoid Formula: Width x Height x Length x 0.52)*¢ uagiUSeullguriu
Vinpsirimlalutuaiessd venanisdnm 2) mnueanawasuvesnansanedaansluanuuny
Taun wau X (@18-921) WAU Y (MUN-189) wazuni Z (Aswe-1111) 59084 3) Anwiannudunusszning

szeziiansnaulaay 31uUATIveINIsA18A M Cone Beam Computed Tomography (CBCT)
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FaaLaziIsn1s (Materials and Methods)
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N15398AT99LTUNSITULTITLATIEAUUUNIAR AL (Analytical cross-sectional study)
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2568 fiv 23 fiquiu 2569 Uszns e fUaelsanziSsiougnranniisnsuuinmsanessdluanidu
uzifauiend nquiegne Ae fUhouziwiougnmundlaiunsaiianimseiaiesdiasinisinw
longisdaesfiumed (CT-Simulator) 8% TOSHIBA $u AquilianLB ¥iin 16 dlad le3unisats$sa
Feirfeasioynin finasintsdaddell 1) fUaefidsuuinisans feddeugnvan Feedouss
oynna §e ELEKTA Infinity™ 2) fUaedesldsunisuszifiumssnudiomadanisaisfsduuy
wUsATULT Y (IMRT: Intensity modulated radiation therapy) WaginalAn15218 598 LUUUSU
AL (VMAT: Volumetric modulated arc therapy) uazidn3uusnisansSadegnaios 20 ads
3) gUredpalasumsnsivaeuiuniinsatesianeszuunminia Tulnuanmsaddauing Alalad
(KV-CBCT: Kilovoltage Cone beam computed tomography) 4) g U1eilan duudyysa awsn
deansnwilnelduazduiidisinlasenis wazinaminnsdneen 1) dn11zo1n1m1edn ueudlils
2) formsunsndeu vieldutheaniduauliaunsadisunisanesiduinamougnuuntd 3) e
nauttaamzlaild 4) fihesnds soueuithiaunsotiemdedaedld 5) flheinmeunsndeuainns
st InNedeuiresdinssmzdaanz il

NIAUIUIUINAQDES

PUFNNIT N = (Zgy, +2p)?02

(A2)?

A o @ | ' = ] q' = |
LD N NIAUIUINANIRENN A1 O A ﬂanULUUQLUUNqﬁﬁiqU 02 AR ANAINULUTUSIU

o w

(variance) U8IHaR1INTEWINEBIIS Zoyp AD ANAUTDNUT SEAUNBEAINISERR (P<0.05) Ay

o

1.96 1 Zg AB §IWNANINAFRY oAz 80 WU 0.84 A1 (A2) AB ATAIULANANTENINALREREY

Usunsnszmnzdaazseningiudiasinissnwitaziuaiussdn1sAnwiNniuuves Mullaney L

[y

LATAME SITNUAIANULANANTENINNITIA 2 ASIVIUTUINTNTEINEUAAILTUINRDT ALRAY
WINAU 282.6+149.7 UA. hATIURNYSIA AMRAUINNU 237.7+148.1 1a. ATAIULANAIITLINI N
ANRATUSUINTNIZINEUAE1IETEMINIIUIIADINITINB AT IURNESIA (Mean of the differences)

WiINAU 44.9 18, LazAIMULUTUTIUTINUETOAULUTUTIUYBINARAITEIINNEDIIs WinAy 88.2 wa.

wnuAnLannsiavuafieg1ausEau 30.3 318 Welesiunsgaymevesteys §I9839an5an

dWnvwiasieg1alu 33 518 115398AilASUAMLIINYEUIINANENTIUNITIT BT TINTUNYBE
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an1Uuni3 s Tnssnnsiduianil 027/2568 EC 68003 wdasilofildlunisiiusiusndeya
Usenaunie 4 dw fe 1) wuuduiinteyanisAnwivuiauiuinsnssimnzlaaneseninaiuaieded
WIuifteutuiudianamsdnuuun 3 87 luftasusndwiongnvann eng dwidn sseglsa nmssidin
nslrsesluu 2) in3esdrassnmssnuienaisdnenfiumes 3 47 (CT-Simulator) 3) ie3puseoyna
§9%0 ELEKTA Infinity™ uazilnunszuunimindd (GRT) 4) thiuaze1n 500 fadans ussgluan
fiedosmune oy, nrurusTIarenn thuandandnadn dilaazein lifindu mafununadoys
1) madgwiugtasdiiaulasinsidelasinfdnsunmguioneuiaszeiuistuneu uas
A5eliun1segvasdun iy Uiensiu lnedissegia i Uisdadulanewdnsiulasinisise
1 &Uai 2) Juneududunismaseddaeduanlifiistiaanzesntianun wdidutihazen 500
fiaddns Uase 30 wril 3) Favinduaelieyluvinueunneuazindielivuen vigunsalfeniiin
1 2 S19feiunzsesayINIA 9IntuLh Thermoplastic pelvis mask ndoAu3nadadnsugie
4) Wneisdreuiiaweiuuy 3 7 nudeyavesninanuruvesdladviniu 3 fadwns lavawnunm
Fausnzysau (Diaphragm) aunung udens1u wdunisivdeyawuunsemizdaanizia (Full
bladder) 5) thamdnasdaeuiiumes 3 4 @enduniinsananinszsmnzdaanzuninuun ning
611 g9 Wothluduwamuiinasnszmedaanzdiielagld ellipsoid formula (P1anis x A
877 X AIWES x 0.52)* fan il 1 Fudinedildadlumsnsvesgiiisusiazau 6) (31U
AU7engnAiAn1TAefdRUULUSANLY (IMRT: Intensity modulated radiation therapy) %38
watlan1saeSduuuUTuANtuvuseURIE U8 (VMAT: Volumetric modulated arc therapy)
fstuaU3inasdedTuar200 wuRinsdsoads Suau 37 afa Bond¥sdlnnoundaanu 10 wneliad
7) Mawssugtisneunssed fUedesiuerduan 1 naretu iy esililifauudnamnsmiin

= a ¥

Tn&dsRaithesesludaannzeenlinun udiuthazein 500 fnddns 5o 30 w1 8) fuaeidres
21839 dnFednsunnduseiminaeiidasdavindUleniougunsalgnnseusiiududansiu viinis
AsIdeUmwNYIRIeTIduazinruialsunsnssimstaanizd Uieaodnyisd neuiianes
WUUNMNFATINS 3 3R (KV-CBCT: Kilovoltage Cone beam computed tomography) uaalglusinsu
nsteuiunenlul@ (Auto-registration) 9) Unn1menaisdneNimes 3 O/ urinvuinUsuIng
nszagdaanieUae Fanmd 1 vuaUsunesnssmnglaanzdewnnds Souaz 80 Wewivufiu

Usumsnsemngdaaizaniudianinissne nsalvunusuinsnseinnzdaanzaininuliunietse

o
v aa [

Auly JUedesesnueisudiluiuaidivienisseddnass nieenaasiunailyid Ui seuuiy

12
= v ¥

ad a 1 ' Y v v U ! | EV ST
nsilnUsumsnszimzlaanizdosndn uaidmiesniesed YuduiUlsusayse 10) Juiinuiuns
nszinzlaanuiavadangUiganiuuinsanesed nfeuduiinduiuawesnisaienin CBCT ve

AURELsar Y
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a) ABNNANYIN (Axial) 39AIUNTIE UAZAINETY (LWININAN femoral head)
b) Aen1nuuINT-1as (Coronal) dwsuinaiugsluwinmnansnseimedaaiy

AT 1 BEAIFRE1INTIATUNIANS e YaazifinUseliudsunsnssnsdaaniy

mMeliesigideya 1) Jasigideyayana 1wy oy dimin svezvedlsa nsinda sl
gosluu Ingldadanssaun S1uiudesas aads wazdrudoavuinnigiu 2) drudoyaves
Uunsnasngilaane wuieveansznzdaany nandudaany uazsuauadmoanisdianin
LansNsnsEefvesteyarmerade wardudsauumnsgiu 3) WisuifsulTuasnszimie
Haaz arweaiaedoulunistauanssmngtaannglu 3 unu (X, Y uay 2) seognaindu
Haany wagdwauedsresnisaienim -CBCT Aeunisanesed sewdnaiudassmsinwitutuany

59a lowltads Generalized Estimating Equation

Han15AnE (Result)
nsAnulufvasfianedsdudnudongnuunnianua 33 e I8$unisaneisddoimaia
IMRT wag VMAT wiauangnn CBCT Yayalagsiuvaingusiogne wuinilenysenine 71-80 U
wnflan $ovaz 48.50 01gLads 70.93 + 7.07 T Uiniiney group Lower, Moderate, High fien
wiitu A $oway 333 tviiniads 66.31 = 10.21 Alanu dydiinanis (BMI) egszuing 23.0-24.9
Ke/m? $08av36.4 fafluianieiade 23.90 + 3.15 Ke/m? Juthwegluszerlse stage Il Sovay
54.6 g Unredaulngld sugesluusiunisaesd Sevas 72.7 wasidunisndn Sesaz 69.7

A9518aZLDUALUANSIN 1
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7157199 1 anwazaluvesiieianeSduzisSeaugnuuin (n=33)

AU

o v
AU (5288%)

21y (V)

>80

9141288 + SD, Min-Max
Yl (kg) (Tertile group)

Lower (50-61.5)

Moderate (62-69)

High (>69)

duifniede + SD, Min-Max
fvtinlanie (BMI) (Kg/m?)

<18.5

18.5-22.9

23.0-24.9

25.0-29.9

>30.0

frtlinaneiads + SD, Min-Max
PETIFAGT

|

Il

1]

v

lansussys
sunuumsinw

21859F08191A87

Sugesluusiunsausea
sULUURHNAR
laisinein

Y

NIGIA

1(3.03)
13 (39.39)
16 (48.49)
3(9.09)
70.93+7.07, 50-86

11 (33.33)

11 (33.33)

11 (33.34)
66.31+£10.21, 50.00-92.00

2 (6.06)
10 (30.30)
12 (36.36)
0 (0)
9 (27.28)
23.90+3.15, 18.05-31.10

2 (6.06)
18 (54.55)
7(21.21)

1(3.03)
5(15.15)

9 (27.27)
24 (72.73)

10 (30.30)
23 (69.70)
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CANCER
INSTITUTE

A1519% 2 ANRAYUSHINSNSENZUEENME UIRNSEeUaane nainautaaniy 91UIUATIvRINIg

18NN SEUINIUIIADINITSNE kAL IURIYSIE (n=33)

Aauds U@ JuRIesed ANNAANY P-value'
135N Mean+SD  (Difference)
MeanxSD MeanxSD
Usumsnszinnelaanie (wa.) 1152243045 118.46+39.16  -3.24+31.84 0.323
&Uawiil 1 (Fraction 1-5) 114.86+31.41 119.52+40.92  -4.66+32.15 0.193
SUpid 2 (Fraction 6-10) 114.31+29.75 116.22+38.50 -1.90+30.84 0.604
U7 3 (Fraction 11-15)  114.27+29.49 121174093  -6.89+31.56 0.080
U9l 4 (Fraction 16-20)  115.90+31.16  117.03x37.58  -1.13+31.40 0.721
Uil 5 (Fraction 21-25)  116.78+30.47 118.35237.72  -1.57+33.06 0.718
uranseinizlasanng (vu.)
X-axis (F18-127) 6.38+0.89 6.32+0.74 0.06+0.55 0.298
Y-axis (AUN-1189) 5.14+1.37 5.09+1.44 0.04+0.80 0.546
Z-axis (Aswg-191) 6.99+1.14 7.03+1.11 -0.04+0.66 0.420
nanaulaanaz i) 30+0.00 38.08+10.17 8.08+10.17 <0.001*
$mundwwasnsaienm (%) 1.00+0.00 1.18+0.49 0.18+0.49 <0.001%

" @# Generalized Estimating Equation; GEE, * P-value<0.05, I\/\ean:ﬂ'%aga, SD=druL B aLuu

1INIFIY, Fraction=n152718598AT9

91NN 2 wanInsiSBuTisuUsuInsnssedaany ua. Tuiusiasenissnen waz iy
219398 Taowdleldadiminmzmnanssaedifoyars 2 ndu wut Aadeufinsnssanetaansy
JUTRDINIININUIURIETIEATAUNNNY 115.22+30.45 1a. wag 118.46+39.16 1@, MUa10U Lagil
Anar19Lad oAy -3.24+31.80 ua. deyars 2 nawlddanuunnsetueg 1eiveddy
(P=0.323) WlaswunBuseduanst wuin §Uawil 1 (Fraction 1-5) AnadsUSunasnszimizdaanis
JUIEINISNIAUTURESE@IAWYINAY 114.86+31.41 Ua. Wag 119.52+40.92 1a. Mua1su Laadl
Anar19La8 By -4.66+32.15 ua. Toyans 2 nquludaruuandtstusg1edTeddry
(P=0.193) &%l 2 (Fraction 6-10) AnadsUsuInsnszmnzdaans Tusiassmssnwiuas Suane
$98WIAY 116.31+29.75 1a. waz 116.22+38.50 ua. MUa1FU Has1uads -1.90+30.84 wa. i
AuwnAsegnslitedfymneadn (P=0.604) §Ua1%il 3 (Fraction 11-15) AnadeU3uasnssmie
Jaangiudnaninssnwinaz Juanessdwinnu 114.27+29.49 ua. uay 121.17+40.93 1a. AuaIfu

HARRAY -6.89+31.56 ua. lidanuuanasegslitedAgynieada (P=0.080) dUa % 4 (Fraction

16-20) ALRA8USHIRTNTENIzUaaNI8IUT1aBINITS N WAL I UR85IEMNAU 115.90+31.16 1a.
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o

Waz 117.03+37.58 ua. Aua1fU nas1aads -1.13+31.40 ua. Tdfiannuunnsd1segefldedfy
V9adR (P=0.721) wasdUn %7 5 (Fraction 21-25) Al susumsnszimsdaazfusiaes
NM3¥nIkarTua1eSIFWnay 116.78+30.47 1a. way 118.35£37.72 1a. AINAIAU Nafuade
-1.57+33.06 ua. Liflanuunnangee9dtud1fgyneads (P=0.718)
drun1sldsuudasiunisveanszmnzdaane (Positional Shift) fnns ity 3 wow wudi
wAY X (@18-921) AW Y (11-189) uazuau Z (Avwe-1i) lilanuuannisiusg el dednasy
(P=0.298), (P=0.546) wa (P=0.420) Auddiu Anadenaindullaans (Bladder Holding Time) Ju
$1809N155 kA TS IEWNAU 30£0.00 UNT waz 38.08+10.17 Wi MINEIRU Nasgade
8.08+10.17 U dAAuunnaveg9ldud1Ayn19ada (P<0.001) LarsIuIuAT e INITEEAm

o w

VoI 2 NguilANULANFTUagliTd ARy (P<0.001)

AI5199 3 NITIATITITANNFURUSTEMINTTUTIaIN TSN as TUa1859E (n=33)

fauus Adulszans  Yrsaudiesu  Robust SE Pvalue'
() 95% (95% Cl)
Yunasnszinnzlasaz (wa.) 0.72 0.53-0.92 0.10 <0.001*
vunvasnsswetaaz(vu.)
X-axis (18-u31) 0.86 0.73-0.99 0.06 <0.001*
Y-axis (V1-1&49) 0.81 0.68-0.93 0.06 <0.001*
Z-axis (Fswe-1v) 0.85 0.71-0.99 0.07 <0.001*

" a0# Generalized Estimating Equation; GEE, * P-value<0.05

NANISIATIEAINNANTIN 3 AUFUNUSVBIUSUINT AL AN ARLIUIYRINTE Nz Uaany

SLPINTTUIIADINITS NWY hALIURNYSIE WUINUSUIRSNTEN1zTaa1edANUdunUsSITIuUIN

pg1eidudagnieada (B=0.72, 95% Cl: 0.53-0.92), (P<0.001) Tua1uvesRAnFIun 1999

a @

nszinztaaie (Positional Shift) WuAIUEDAAADIYDIAILUUITUNY 3 wnuoE19HUBEIAYNY

1%
=]

aif (P<0.05) lngunu X (F18-921), WAU Y (ME1-nad) waghnu Z (Aswe-iin) daesedl (B=0.86,

95% Cl: 0.73-0.99), (B=0.81, 95% Cl: 0.68-0.93), (3=0.85, 95% CI: 0.71-0.99) MmuasU
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Comparison of X-axis

10

ettt 1 b, o

8

§

! - - ?- 4'1 - -

Piﬁ?arce [em)

2

D1 2 3 4 5 6 7 B 9 10111213 14 15 16 17 16 10 20 21 22 23 24 25 26 27 20 20 30 31 32 33

] Reciton [ ] simulation

(A)

- ;JI' H %. ) '%- ;
Ao, kB

Iy 2 2 4 5 8 7 & % 10 91 12 1% 14 15 18 17 18 19 20 21 22 S 24 25 09 27 I8 IS WD 97 97 93

|_] Raraien [ s:-nul;-r'm|

b -

B e

Distarse (s
13

(B)

Comparison of Z-axis

Distance {cm)

ID1 2 3 4 5 6 7 B 9 101112 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 29 30 31 32 33

| [ Radistion Simulation

(@

A5 1 1WUS8UgUNITIATUIANS NI TdaNNE5ENIN9TUINE9N1T5N wazTua8598 Tunkun

W X (@18-131) (A), wuaunu Y (Ath-189) (8), uuaunu Z (Fswe-win) (O) \usieyaea ddui 1-33
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INSTITUTE

NANTIATIENIINNTINT 1 IWTsuiisumsivuianszingdaanizvesaulddnou 33 s
STINNIUTIARINTIAE (Simulation day) WnumMeuwyiNaLas wagiun1essd (Radiation day) unusey
wisAtiu nemuandulauny X (§e-021) msnsratsvesteyadeudnauauLazinIznguNINn T
unud daunslunuiuny Y ih-vds) deyafiennunusunuliviueuluiunie$d (Radiation day)
g dunafiuuisdinfuinersnnluaiens uasuuuny Z @sve-i) Smuususmenis
ympagaduuee wu i 24 uaz 25 fauuUsusInaniu 10 wu. nsmiia 3 U dmnuwmilauiu

Ao Joyails Simulation day @) szimznguueu 9 wiailudafes ganuwiu

33150l (Discussion)

nan1sAnwINUI Ysumsnseinislaanisluiudiasenissnunariuanessd ldunnsteiu
atafitfudAynsadn InedAnade 115.22430.45 a. way 118.46+39.16 ua. AN (P=0.323)
wandlilfiu uuamenswdeunsaneilaanzuesnisined flheaunsnausnmsnasing
Jaanzluunnedediiogluseavlndiesiuiudnasinisshwld wadenandanuddgydenisane
$edfUreuzSwaugnmun fiomnauainanevesUsunsnssmedaanzssninennsIuELLaY
ns¥neniidugaelimumimesefovthmnewareSonsunitinnudenadasiuanniu®’

NAN1IAN¥I91NI1897U289 O'Doherty LLazﬂsz%ﬂwudm%mmmzwaﬁaanmaqﬁﬂw
uziSwmaugnuuIndauwlsusiuseninnisawnuLazn1sinw neanzlusseznouiinisli
Auuziilumswieunsznedaans egnlsionu ndwindnisdaviduuzdidmsudian wuin
AuaLELeYeUSIRsNSEINEaanER Ty uenant Hynds wazane® §151891u31U5H10S
nszinnzlaanzlusenintanisshwiaiunsawnnadainiuuaulaunn wigvieaslasuauwugdn
TumseSeunszmnsdaansudain saiunsiinisfneadedldnuauuansiegedivedfoy
awazﬁauﬁwszﬁ‘m%mwmmﬂszmumsm%‘sméiﬂaEJLLazmsmuau%”’umauﬁaumﬁm8%’&%

dlofiansanuiunsnszimnzilaanswennugisesnsaisssd Toun §Unmii 1 (Fraction 1-5),
Uaviit 2 (Fraction 6-10), Ua i 3 (Fraction 11-15), a1 a (Fraction 16-20), wazdUa v

o w

5 (Fraction 21-25) Lifauusnstsiuegrsiitudny (P=0.193), (P=0.604), (P=0.080), (P=0.721)
uay (P=0.718) muadiu usfinduansiil 3 szdidnanuuansnsvestSumsnniian usélifessdu
Toddymeadn nafinanaenndesfunsinuiinuitnsivuasuamnsnswseunssmne Jaane
fmuzanannsorievil upnua anevesUs un sz Yaaizaaend 1915 nw be 10
agslsfmunnuulsysiuresdiinsnssmnsdaans faansaiaduldainanuuanaiesening
yAraLazszaynadlunmamieunssmzdaaniy o

dusuruansziwizlaanzauiuinnu X, Y way Z wuinlifianuuensisegedusdany
Mead@ Laedian (P=0.298), (P=0.546), Lay (P=0.420) AUAIAU WaAIMARUINVUIATBINTELNNE

Jaanzluauianieseningiuinasanissnewaz T uanesdianulnddeaiy ag13lsiny wiinig
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WasuwUaswessunsnssmnzdaansagliunnasegafidod fyneadf uinisdsulas
ves3Us Azt weensuimzdaaizdallanuddgyniseadn iesainmsdsuutases
nszimzdaanizuareforztiadssanunsnduius fusunawesegnmnnuasUsunasedlasy
neiEIvUnd!

UONINT HANSANWINUI L';aﬂumsﬂé’juﬂaanzLﬁlwﬁ%}uaéwﬁﬁ’aﬁwﬁ’@mqaﬁa
290 30.00£0.00 Ut LU 38.08£10.17 urdt (P<0.001) vauzdidurundsvasmsmrsamfiuduan
1.000.00 fu 1.18+0.49 A1 (P<0.001) nMsiisduvesanlunmsndullasnizaraieidesiuiuneu
MawReNgUag nMsdavindithe wagnsruunmTseUiuineunsaned Jeenavinliiszosiaan
FaudnmanTeunssmnzdaanzauionsaisfedaienumiu del ouitenuidasnseien
nszimzdiaanzuaznafigUisldluniswioudiumsdanuuansistuszniteyana fadu n13
fvusszeznaessunszedaansivanzaudensiiosanauuandiwesiUisusdagsne !
uennidaiidniladendsiivilinandutlaams usiaomsdnwuandaniuaiedsd Aefiaelu
Fudansnsinuidonminnensegnetien 4 dalus esanseadaansiivisdiogueuiunuessos

15A e TunusuUsnIsaesidlldesininemeinis Sadutladeniaildnaindutlaansuanaieiu

'
=

MI9uAlalinsUSulsesiiaL wieUsustgaInsTeney Weliusuinsnssinzdaanizlu
[ U dt-‘L Y a £ . o o d' d‘ ¥ U a v 1 8
TumgFedlnaiageiuiudiasmsinuign Feaennnosunuideves O'Doherty UM uagmuy
IeAnwdUlsuziSwongnuuin 41 518 aguldinduasliaunsasnwssdunisndulaanelva
S¥UITTUINUN LN TS NIl TUR8S9E LR InanuauLanasee 1 dtud A neads (P=0.002)
drunsiiiuduresdnnuasilunisatenimneun1satesid anvnandUliemisudiuing
nsziniztaanzlalufviniudiaosn1ssne vl eea1onImn 1@ UsILRUIUI LRI TELNNY
Yaanzuinniuilenss eneaenouienudndulunisnsisaeumuniinazaunionvesed oy
' o ! a a O & a = PN v &
NPUAYSIE WnANsIUasuLYaesUsSInTnsewzlaanzlnenss visll dnsAneiiuansliiinu
MnsAneuUTiInsnseizdaansuaznislduuimnadieauaunsiiunseimnzdaanizaunsasivy
ANUALNLENDVDIUTNINTLAZANTIUIUATIVOINI TN WA LA L
wenanila@nwiAnudunusvesUsuInsLasinasunlsuesnsyins Uaang senineiu
918991193 N¥ILAETURANETIAN 8L UUT1a03a1N1T (Generalized Estimating Equations; GEE)

(% s

NUAPINFUNUSLTIUINTERINaUsuImsnseinzUaaizluiudiassnissnwinariuanesedesedl
odfyn1eadn (P<0.001, B=0.72, 95% Cl: 0.53-0.92) SiAs1wildaail Q’ﬂwﬁﬁﬂ%mmmzmw
Yaarzunlutusiassnissneduunlvuf aedusuinsnssinstaansunlutuaie Sadaae
druiifaiundsuosnseimneztlaanns (Positional Shift) wuaLdonAdewaIi unysluRa 3 LAy
DLty dAYN19EDA (P<0.05) venanigsldhmduUszans anmsed 3 wanaldiudeusunms
nszmnedaanasluiusiasinsinwiiiud uasduulduiivsuinsnssimnedaansluiuaneded

eLfinTunu TnsadsUssuia 0.72 ua.denisifindu 1 ua. (B=0.72) lutudrassnissne
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LaTWUALAY X, Y uag Z fAnduusyan aeil B=0.86, B=0.81 uaz B=0.85 muarsu ulanalsin
devwmvesnsamsdaansluiusiasinssivuiniu svilvualiuiivuevesnssmsdaaie
Tufuanedediiutuny Tnowndeusyan 0.86, 0.81 uay 0.85 #al. Aonisiiuty 1 vy, luiusiass
N3N AUAIRU

UBNIINT IATIEF NN NLUAUA- AR uIY (Bland-Altman) N5 1 wWisuifleu
nmsinvuianseinzdaanizvesrulddiuiy 33 519 sErinedudianinisinel (Simulation day) way
fuaneed (Radiation day) nswivis 3 gUfiauuiieutufedoyailsiusiasanisinu (Simulation
day) aztniznquuau 9 noidudafien 9anuindy uanaddeayaluiudiaoanissnwdngg
Wasuwlastiosnitiuaiedsd (Radiation day) uenaintdunsiniia 3 sUdsdaaunneretudsdl
LUAUAY X (§18-927) 1unnuil muauauaainnd oulddan Toyaroutisnd, uwannu Y
(mi-1&9) \Juunuiifianuuususultiuiueuluiuniessd (Radiation day) 11nfiga LazLLILAL Z
(Rywz-wh) fnuudsunuemzyanagaduunime annswasuulasiuwuiuny Z @sws-wi)
fnafonaUdsuiumisueariangnuuin (prostate) waznaunde (seminal vesicles) danalsf
fuiatvsnevdusenainduvtsinasuld sildnsnssanefvesUiinusidaseuaguitving
anas wazdrdadonalauetuizdrafes liun nsumnedaansuazdildnse dowonisiinnatnafes
szazen dndunszmnezdaanzazidesdooinisdaaisuaudn (Dysuria) niedaanziduden
(Hematuria) 8 udldnssazidoinisdniavuasidensanainanld (Radiation proctitis) 1duduy
oﬁ’aﬁ?umsmmw'%mmﬂizwaﬂaanmﬁm (full bladder ) Washianeszningiudiassnsinwiuag
Fuanesdesdadianudfydenusdugilunisinu Siaenadetuiuideves McNair HA wag
Ag' ladnwrinAnuunna1avesiiindeugnyuInsenIteam CT-Simulation fiu Cone-Beam CT
(CBCT) flaun1sae3edese nuiaunanndeusewsiumia (Setup Displacement) T wnu Y wae
Z (Anterior-Posterior Waig Superior-Inferior) ﬁﬂ'ﬂmmLLUﬁﬁumaq%’agaqﬂﬂdmﬂu X (Medial-Lateral)
agafidddey osndadedulsunsuialudildlvgdiutats (Rectal filling) wazuSunay
YaanzlunseimnzUaanig (Bladder filling) Tuwsayiu

uenNTETATIERAIALLAnAesUsInasns s daazsEre Tus s
waziuRusIdtaIuA1g -3.2 ua. 929 Limits of Agreement (LOA) agjﬁ (-65.7;59.2) wa. 93u18laan
ﬂ%mmf@La?{asluﬂizwaﬂaanzi’uma%’qﬁmfmﬂ'jﬁmi"]aaqmﬁ%’ﬂmagjﬂizmm 3.2 ua. wag U
wiarsefiuunsnsumnedaanisiaudunaun e s -65.7 ua. i1 59.2 ua. vauzieauls
irsEimAIANLLAnATLIansTnzdaar s Tus IS nwkar Tuane Seaa 3 unu
fanumiioutudedoyadnulngluis 3 unuinenduiuogiamiuiusey 9 Wuaud (Zero line)

Wan Sl IER IS HANEDARG BITUA ATAIUARTIALARDUVDITEUY (Systematic BIAS) ¥89919

3 wnudvadlndeudann 9 eglutig -0.6 fi 0.04 uanailagRiouddliivnulainnisidesuy
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Comparison of 19-Gauge and 22-Gauge Needles in EUS-Guided Sampling

of Subepithelial Lesion and Pancreatic Tumor: A Study of Diagnostic Efficacy.
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Abstract Background: Endoscopic ultrasound-guided tissue sampling is an important
diagnostic procedure for subepithelial lesions and pancreatic tumors. Needle gauge
may influence tissue adequacy and diagnostic performance. Objective: To compare
the efficacy of tissue acquisition between 19-gauge and 22-gauge needles. Methods:
This comparative observational study included 72 patients who underwent endoscopic
ultrasound-guided tissue sampling at Lopburi Cancer Hospital between October 1, 2024
and October 30, 2025. Fifteen patients were included in the 19-gauge needle group
and 57 in the 22-gauge needle group. Data collected included lesion characteristics,
number of needle passes, procedure time, pathological findings, and tissue adequacy.
Descriptive statistics were used, and between-group comparisons were performed using
Fisher’s exact test. Results: Adequate tissue for diagnosis was obtained in 93.3% of
patients in the 19-gauge group and 80.7% in the 22-gauge group, with no statistically
significant difference between the groups (OR 3.35, 95% CI 0.40-28.25, P=0.438). The
mean procedure time was 31.53+12.45 minutes in the 19-gauge group and 34.67+11.76
minutes in the 22-gauge group, with no statistically significant difference (P=0.291). An
additional analysis using a 40-minute cutoff showed a significant difference in the
proportion of procedures completed within 40 minutes between the two groups
(P=0.028). However, this cutoff was not prespecified in the original analysis plan.
Conclusion: The 19-gauge and 22-gauge needles demonstrated comparable efficacy

in obtaining adequate tissue for diagnosis. Although the 19-gauge needle showed
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a trend toward a higher rate of tissue adequacy and a slightly shorter mean procedure

time, the findings do not establish its superiority over the 22-gauge needle. Needle

selection should therefore be based on lesion characteristics and location, patient-

related factors, and operator experience. (Thai Cancer J 2026,46:130-141)

Keywords: endoscopic ultrasound, subepithelial tumor, ultrasound-guided tissue
sampling
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Woldosgnitaduauin 19-gauge uag 22-gauge 35n15: WWun1sAnvBsdanauuy
LU'%'EJULﬁEJU“LuQ{hEJﬁL%ﬁ%’ﬂﬂﬁdaaﬂé’aﬁé’amm%nués’mﬁumil,mmﬁuﬁaasml,ﬁm%
ﬁiiqwmmamﬁqawq% 5¥I19TUN 1 Aanay 2567 D9 30 AatAY 2568 91UIU 72 518
wualunguidn 19-sauge §1WIU 15 518 Uay 22-gauge 1 57 518 udeyadnuaz ey
15A NUIUASINEINE TLELNIANVIIRANNIT NANNNEITINYT WAZANULNYINDVDILLBLED
ATV ToyaRIwad AT INTTUUILAZIUTIUTBU ATIULANANTENININGY A8 Fisher's

I I I3 =1 = z-i’{l nﬂ' 1 aa [
exact test Wa: WUINNGUAN 19-gauge Wag 22-gauge dAuiiivsnavauiloidasianisidady
Fovay 93.3 uag 80.7 muainu lagluunnmaisiuegeiidodAgyn1eais (OR 3.35, 95%
C10.40-28.25, P=0.438) sreglia1iad olun1svinvinan1svesng y 19-gauge 1My
31.53+12.45 U9l Wawngu 22-gauge Winfu 34.67+11.76 uil galiunnsinsiuegslitudAgy
Meadid (P=0.291) Madasiiiuiulagldyadian 40 Wil nudnaiuvesinanisnldiia
Woen31 40 U wANERAUSENINERINGY (P=0.028) Fegndnninailulariinualiasamt
Tukaun1s3asien agu: nsnzasILil awd eraeduauin 19-cauge uay 22-gauge
fuszansnnlunisifuimedrailadaiiensidadeliunnsnesiuegrefidedAny wiliduy
19-gauge Huwldulwdregraulloidaiisanauinnitnasdsyeznarvininanisiaasdunin
<@ ¥ K2 ] P2 =l 1 @ = % =1 a
ndee widtldanunsoaguladnmilenindy 22-cauge nsidenldvunniindinisnansan
SfudnyzLaziwwesseslsn ANumEzanver Ul wavUszaun1salveg Ui v
(115575 15AUISY 2569:46:130-141)
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uni (Introduction)

nsdesndesdansnanius (Endoscopic ultrasound; EUS) 1Sumailafinaunaiunisdesndes
mafuewItuMInTafendudssauigs ilvannsossduseslsavossioafuems
uarotiednafes Wy dudeu viethd fu desthivdedluresies uarseslsrlfibeyldotnsazden
elusudnuay vue Mt wasanuduTusiueTesvienaenidenlndifiss 1 Tnaamndes
%iia linear-array Feansnsaimuawuanisunadunielinisueaduiedansenudlaonss wagld
Doppler ultrasound ifienanidemasaidensenitanisiudieg1e Prefinauwiuguasany
Uasadfovasinans?® mafusegaiadeniglinmatues EUS aunsavildianisinnzgaiead
Fedumnadn (EUS-cuided fine-needle aspiration: EUS-FNA) uasnstanzsintuiile (EUS-guided
fine-needle biopsy; EUS-FNB) %aﬁwuwwﬁﬁmﬁiamﬁﬁaﬁamaL%aa‘ﬁwmuazwm'ﬁﬁwm FIUDINIT
psnfiuiumeduyludalanduagiunanaluunnsd® Wadussavsuavesnisfuiegwdueg iy
naneilade Toun sflauaziumimesseslse wallansifiuiedns viawazauinvendy s1uiuade

& Y o LY

Tunisunady wazUszaunisalvesunmedvininanis® Wudildlunmsiivieganneldnisihves EUS
~ Py < a | a & A
fnanvaun laun 19-gauge, 22-gauge Uag 25-gauge lagvunvedduiinanaUsunuiiods A
& [l @ Y =2 < a I 1 =~ o 1
ganguratdy uazAuansatunsitaseslsa Wuvwin 19-gauge Hvunlugindn Jauualdy
Tdsunandiaouintazaiunsandlasias1evaaioialilag 991918 ANAULNEINDYDIA 881
drwunsidadenianendinet susfiduvun 22-gauge InuBandunazAaosiiunnil 39919
Y ~ T ° | v e A o & v ) v 7 = PR - ~ I
wngiuseslsanegluduniadfsennviedludewinguveindes’ nansfnwiiuseuiiisuidy
WIn 19-gauge way 22-gauge Seliilululufimmaiendu ns@nwives Lopes wazatenuin A3

Tdduvunn 19-cauge TufUheniseslsaldioyvesnssmizemslimadnsalunisidedugndndy

=

YUA 22-gauge waraunsaliieg e sanelasldruaunsdlunisunaduiosnin® vaed
nsanwlufouievesiusewnseusnaseusugauuamsinuldnuauuanaIweIrILLuE
Tunsifaduegedmauseninaduiiansuin® venand Li wazanzsenuinduuuin 19-gauge
fanuhuaganuusiuglunsidadeniawesinetaindy sumaldsnuaduazsseznalumsuns

dudeeninduvuin 22-gauge InglinuanuuanaemuaIzunsndauRd1Agy

1% Y < Y 1 & ~ 1% v a o a 174 5
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v AY vy Y a A A A v A &
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1. N5883NA099aRI1%917UA (Endoscopic ultrasound; EUS) nuneds n1sasialagldnaes
d0an1uiueMINITINTI9gan T IURAnRg UTMUAENGD LaUssIdudnyMy WA fun
warAuduRusYaIseslsaluNtInIfuemIshazeTerzt1uAes sauvaldidusuimislunisany

2 @ | & A
LU PLRRNVRIEN)

2. ye8lsalaig oy (Subepithelial lesion; SEL) viunefie seslsanienoufieg laduiday
VOINLAUDIAIT FIDNUAAINTUAN ] VBINUINNLAUDINT WIBLAnANDTBIzAIBUanuINALTY
1p8an1391539 EUS anansatiessydusuiila dnvae waguuinvesseslsale

] v (% & 1 [ <3 (% | dy & . .

3. NSADINADIBANTITIIUASIUAUNITLANELAUA DY 1Tl 818 ® (EUS-guided tissue

acquisition) #N8fe N13NNTEDINA BI8ARTITIIUMTULLINITIUNITAVUAR WAL SLAT R AN
< A < s a & & P - 2 o . & A v <
vouduielnziiuas vseduileanseslsa lunisAnwilidunsiiuimegaliedenisiduaizge

\wadvuIALan (EUS-fine needle aspiration or FNA)

4. \Juunm 19-gauge vaneie WunAldlunsiangiAiudledradaidentslanisiives EUS
= ¥ 1 & 1 1 I3 < %} [l r-s’lj A a I
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5. 1 8uvu1n 22-gauge wdnede Wunldlunisianziiuimedailadeneldnisiives EUS
a I3 ] P = | | o P ' 'y} A !
fyuradnnindy 19-gauge Ianudangunazadosdilunisldauuinndt mngiuseslsaiiogly
suwadneennusedndusesinyuveandes

6. AU EINBUDIR28E19HBLE © (Sample adequacy) BHNUR Y NI ADY1UTAAUTD
WeLd o laann15a1edUTunauasA NN EInad 1T UNIIATIININGAE INEIUI oNEITINYT
wazanunsadlldusznountsidadelsals tneduunuailu 2 ngu loun

6.1 Adequate sample Mu18A4 Ao eNlUTIIMRATAMA NTBINEFIMTUNTUTEIEIY
PUYARINGIIONENTINGT wazausalrnanldusenaunisidadula
6.2 Inadequate sample #1889 frpg1aNTUTIAMS RN W ILNEMadIMSUN1995I9

PULadINEIIaNeNSINe vsalianuisaldusenaunisitdaduls 500970819 lASUNITIIUNE
Ty unsatisfactory sample
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G @ o 1 d' = ) 1 aa [y 2 a [ o =3
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1EAUAZIINTT (Materials and Methods)

A5 nwi i unsiToid sdunnuuuisuiiiou (comparative observational study)
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LarAmundeuiouNsdeINdasdansienius anturimsianfiuiiegaiedolaldiduvuin
19-gauge %39 22-gauge MNANWELATALMUITRITRElsA TIudsnaeiiTavesunndvivinanis

v =

foyafiiusiuriuuszneudmedoyaniluvesiiy dnvasuaziuniiwesseslsn vuavedudild

o

SUNISIHRY

1%

€

ﬁwuauﬂ%’waammmvﬁu 3883L’Jﬁﬂuﬂ’]‘iLﬂ’]%LﬁUﬁ’J@ﬂN ANILNEINDUDIT UL DAY

LaTNaN1InTIININe5INeT InglduuuiufindoyadUae (Case Record Form) fig3dednvindudu
A A & v

iwseslelunisinudeya

HadnsuanUesn1Ane laun Ussdndnavesnisiiuimegiaiieds F9fia1sana1nanu
~ s & o ) aa o = = ! | dg v o
Weanevesd utilodmsun13ns198ade lnawSeuiisusenineanguildiduvuin 19-cauge way
22-gauge @IUNadNSI0e lauA srezatlunsiasiiumediulodouassuiuasvesnisunady
Wislulasegsiieanesionsitady

aa a

Maesizidoyaniluvesnquiiegidldadnidanssan Inedeyadenauinauadudiuiu

Y

uazforay drudeyadeUSnaniauadudadouardiudsavuinasglunsdideyaiinisuan
uaaUnd nieldAsiseguuarideszninimelndlunsdiidoyaiinisua nuasliuni maFeuidiey
muisanevesiuiouaznmainnzunsndoustminaduvuin 19-cauge uaz 22-gauge Liad
Fisher’s exact test AnuALiMINgaN drunsiUisuiiieuszeznailunisinimansuagsuiunss

4 =

109n15unaiu 19 Independent t-test adayaiin1suwanuaaund vise Mann-Whitney U test 1o

o w

Toyaitinsuanuadhiund lngimunseiuledAyn1eadiain P-value<0.05
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Nan13AnYI (Result)
msfnwadeififtaetomn 72 e walunduilld$unanaduiesadedemeduouna
19-gauge $1UIU 15 518 wazluvun 22-gauge 91w 57 518 JUsedwlngjeyluyieny 61-70 U
Iﬂaﬁmqm?{a 67.13+7.51 U uaz 66.05+9.72 U suaeu wavanlngdunwands Wewseudiau
%’a;&aﬁugwuizijﬁgﬂaaqﬁu TinwupnuusnsseglidedAynisadalusiuens e wwiin ECOG
performance status 526U CA 19-9 waz AFP (P>0.05) fauandlunsnadi 1

M1519 1 FIUIULALITIYAYYBINGNMIBE TMUNMIUANANYTdILUAAR

Foyaily Wuvun 19-gauge (n=15)  [WUYUA 22-gauge (N=57)  P-value
U (Sovaz) U (Govaz)
a1y () 1.00%
40-50 0 (0.0) 3 (5.3)
51-60 3 (20.0) 12 (21.1)
61-70 7 (46.7) 26 (45.6)
71-80 3 (20.0) 9 (15.8)
81 Huly 2 (13.3) 7(12.2)
91gady (@) Meanzs.d. 67.13+7.51 66.05+9.72 0.646
LNF 0.922
Sl 6 (40.0) 26 (45.6)
AN 9 (60.0) 31 (54.4)
dutin (Rlanu) 1.00*
30-40 8 (53.3) 25 (43.9)
41-50 6 (40.0) 24 (42.1)
51-60 1(6.7) 6 (10.4)
61-70 0 (0.0) 1(1.8)
71 Fuld 0 (0.0) 1(1.8)
dwith Alansy) Meanzs.d. 50.27+6.59 51.90+9.63 0.447
ECOG 0.823
1 3 (20.0) 16 (28.1)
2 7 (46.7) 22 (38.6)
3 5(33.3) 19 (33.3)
CA 19-9 Means.d. 7772.75+1765.17 4236.47+13331.83 0.271
AFP Meanzs.d. 11.09+30.78 5.49+11.99 0.901

*Fisher’s Exact test
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Tneseslsndrulugiiuseslsavesdusou wununusian body wag tail wazdlvuinseslsa

drulvgjeglugae 21-30 Hadwns Aun1svivinanis msaizdmngvimiunsenizeomns wayld

FuuasItunsae 2 asdufounnieg svesnarlumsiinaniseilndiAssiulunsasingy

WU syezaneislunsyiinanisvesnguitldiduruin 19-gauge WinAu 31.53+12.45 Wil uaz

nauAldiduvunn 22-gauge WAy 34.67+11.76 Ui GaluiunnsrsiuededdedAynieads

(P=0.291) Waduunszazansiinanisidutosndn 40 Wil uassisus 40 wITUll wuiingy

a

T dnvunn 19-cauge Tdndruvesnisviinanisiildiaantiosndn 40 wii fosaz 93.33 ganingui

T duaunn 22-gauge Fanusoar 63.16 dr1un1svivinanisildiaidas 40 uidulunuiesas

6.67 Uag 36.84 MUEIAU IAUNITNTLINLVRITLHLLIAINITVIINNANITTENINEBINFUUANFTUDENS

a o (Y

NlpdAgyneana (P=0.028) fAan13199 2

o < I [ o ! Y <
A19199 2 [WIBUBUANBMENSTRANISTTENINNS NN 19-gauge Uag 22-gauge

dayarnanis [WuYUIA 19-gauge (n=15) LUNVUA 22-gauge (n=57)  P-value
3 (Govaz) U (Sowaz)
Location of puncture 0.575*
Esophagus 0 (0.0) 2(3.5)
Stomach 11 (73.3) 46 (80.7)
Duodenum 4(26.7) 7(12.3)
Rectum 0 (0.0) 2(3.5)
MU puncture (%) 1.00*
1 0 (0.0) 0(0.0)
2 15 (100.0) 55 (96.5)
3 0 (0.0) 2(3.5)
Operation time (Minutes) 0.243%
0-20 4 (26.7) 3(5.3)
21-30 4 (26.7) 25 (43.9)
31-40 4 (26.7) 12 (21.1)
41-50 2 (13.3) 10 (17.5)
51-60 1(6.6) 5(8.8)
61 il 0(0.0) 2(3.0)
Mean+SD 31.53+12.45 34.67+11.76 0.291

* Fisher’s Exact test



®s

NCI

were WSsUWBUUSYAVErmmsnziledeluseslsaldldoyiuasiilosenduseu 1N ausiuAng

AN
INSTITUTE

NAN9ATIINNYITINGINUIN adenocarcinoma L‘ﬂumﬁﬁﬁ]ﬁaﬁwumﬂﬁqmiuﬁgaaamfjm
lnenuiesas 60.2 Iuﬂdmﬁiéﬁvﬁmmm 19-gauge Uavriovay 38.6 1una~juﬁ1€8ﬁmmm 22-gauge
vaurfidhogafilianunsalinisitadels (unsatisfactory sample) nudasay 20.0 uag 10.4 AuEIH
oL BULTEUNT19nEN8UBINANTINTIIMINE TIN5 aaBIng 1 TinuAIILANGNg
ogafitfuddymeeEdin (P=0.595) famsnedl 3 Wiowdsuidlsumnuiismevesegailode wui
ﬂziuﬁlsi’flfﬁmmﬂ 19-gauge @ethailedofifismanenisideds 14 91n 15 510 Andudovas
93.3 mmzﬁﬂa;mﬁ‘l%’l,%mmm 22-gauge Ihethailadefiiivme 46 a1n 57 518 Andutesas 80.7
LLﬁﬁ'ﬁﬂduﬁiﬂifLsﬁmmm 19-gauge %ﬁé’md'summﬁaaa’wﬁ'Lﬁmwaqqmﬁ WA LU NUAILLANA Y
oafitdodAgmsainseninaisaningu (P=0.438) mndayalumsfnunidslinumdngufivme

a ' @ U o = Y 1 & A [ d'
Vl’i]%ﬁ’éﬂ')’]‘l]U’]WUENL“UiJiJﬂ'J']llﬁiJWUSﬂUﬂ']’]JJLWEJ\TWE]GUENWJE]EJNLU’P]LEJQ PIRNT19IN 4

o aa o 2 < U 1 & A
13191 3 Nﬁﬂ’]iﬁ]i’&"\]ﬁ/ﬂﬂWEﬂﬁ’WlEJ'W?]']LLUﬂGﬂiJ“Uu’]WL?JiJVlIﬂUﬂ’]iLﬁ]’]gLﬂUGI’J@EJNLUE]LEJE]

Diagnosis RETENIRL 19-gauge (n=15) [WuUIn 22-gauge (n=57) P-value
U (Fowaz) i (Gowaz)
Patho report 0.595%
- Adenocarcinoma 9 (60.0) 22 (38.6)
- Atypical cell 0(0.0) 2(3.5)
- Carcinoma 1(6.7) 4(7.0)
- Colitis 0(0.0) 1(1.8)
- Gastrointestinal 0(0.0) 10 (17.5)

Stromal Tumor

(GIST)
- Hepatocellular 0(0.0) 1(1.8)
Carcinoma (HCC)
- Intestinal mucosa 0 (0.0) 1(1.8)
- Lymphoma 1(6.7) 0 (0.0)
- Neuroendocrine 1(6.7) 4(7.0)
carcinoma
- Pancreatic tissue 0(0.0) 4 (7.0)
- Reactive node 0 (0.0) 1(1.8)
- Squamous cell 0(0.0) 1(1.8)
- Unsatisfactory 3 (20.0) 6 (10.4)

* Fisher’s Exact test
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INSTITUTE

A15197 4 Wisuiilsuanuiissnevesinegailalessninaduruin 19-gauge uay 22-gauge

Outcome [WuYUIA 19-gauge (N=15) 1 WuvUIA 22-gauge (n=57)  P-value
3 ($avaz) 3 ($avaz)
Ciledodfime 14 (93.3) 46 (80.7) 0.438
(Adequate)
Siedeldieme 1(6.7) 11 (19.3)

(Inadequate)

37U (total) 15 (100.0) 57 (100.0)

dlowseudisussazailunisviinanis wuin ﬂﬁjuﬁisffl,%mmm 19-cauge Tszavinanadey
31.53+12.45 Ui LLazﬂfjmﬁi%’Lsﬁmmm 22-gauge flszoziianady 34.67+11.76 Wil lngszeziia
adsresiadesnguliuanssiuogieddeddamieada (p=0.291) agrlsfnu Wosuunszesinan
nsvhimantsdutiosndn 40 wit uazdaus 40 wATUlY WU nauiliifuvun 19-gauge fidndau
msvimansiildnandesndn 40 unit Sesay 93.33 qmd’mfjuﬁi%ﬁmum 22-sauge Fenudovaz
63.16 vauriinmsviimanisildinandaus 40 wiitulunuesay 6.67 uay 36.84 muaeu Tagnns
3231890958 8EIAINITNNNANITTENIERINA NWANA1eTueg 19T dAgyneadia (P=0.028)

U dl
AIRITINN 5

A15197 5 Wisuieuszezatlunsiinansssrinensididuuunn 19-gauge way 22-gauge

toyainanis Wuvunn 19-cauge (n=15)  LWNVUIA 22-gauge (n=57) P-value
U (Fovasz) U (Gowasz)
sgeglalunsininanis 0.028*
wosndn 40 Ui 14.(93.33) 36 (63.16)
1NNNIIBINAY 40 1 1(6.67) 21 (36.84)

a L4 o N
23138 (Discussion)
= & a = Y | 9 X aY Yo aa o aa v v
nsAnuiiuSeuiigudnsdusesazves Uieilasunsidadentane1dinenlagnses
NnBudeangldneldnisiivesnsdeindedans g iIuAsenIIaduIuIn 19-gauge Lay 22-gauge
Tngldanuiissnevesdiiegailaldoldunadnsudn nuiuduauin 19-gauge 16n515LAR18E1
a a 1 aa o 1 < & [ % o w 1 v v €
Miileenasian1siddeaaniduvunn 22-cauge Ao Jouar 93.3 way 80.7 Mua1iy linuaAUENNLS

pgsfidedfszrinuaduiuanuiisanevesiegaiede wanalidiuiuiduvun 19-gauge

'
[ a o

sxfuwldulidaegreiiisneninnda wadsliauisaasuladnmuiaduduleadeddgiinivue
AudnsaeInisiivileduiladeamissladeifey nansdnwitaenndesiunisdnuiinudd
UsgdnSuavesnsiiuiiegeiag EUS ldldvuegivawinveaduiissegaiier uiduiedesivedn

uazdumiwesseslsa madansiuiiedns Sunupsilunsunady wasUssaumsalvessvivinans™
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N1SANYIVBY Facciorusso WagAUETUUIHUMBULIUTIUIN 22-gauge hag 25-gauge Tuseulsadusou
nuIeutuglunsItadereaduisdesuinliunnatsiueg1edmau susiduruadaniide
Inuseunuanudanegusaranuauisalunisinteseslsaluduaninisinyuvendeswinni
Tnatanzusnaaldandiuiu® nan1sanuiunnaannsiny1ves Lopes wazanz ud3suiiou

3 & o i v ]
NN 19-gauge WA 22-gauge LUN1SHIUAT0E199IN508L5ALALE DUVBINTENIZDINNT UagNUT
Wuwun 19-gauge Tmudisalumsitiadegendt suddddnnuasslunmsunadutesninduun
q 1 a [y = . = J 13 Y v 1

22-gauge “ LUULABINUNTANYIVOY Li WazAME F951891UINTUVUIN 19-gauge @NUNTOLNA8879
dy dl' al' a = a a aa [ % 1 a v < yds |
Wi enisameuaziivszd@nsnmlunifidaduseslsaduoourdanouldelan ® AMILLANIUDINE
nsAnw181903 UIEleanANLLANATBITTALaEALLIUITeElsA IR mATANISYIERaNTS
=~ = | v oAl a4 PN = &
119491NN15ANYIVRY Lopes warAny 3 uanizseslsaldld ayuaanssinizamis® vaein1sdnyiil
AvauAguIaslsAviatesuvius waviUiedlvgluisaeinguldsunisunady 2 ass Fseravilinay
wANAIRUUSTANSNATEIN L TIsER U L udn

AuszezaTuninan1s wulnguduuing 19-gauge fiszezanady 31.53+12.45 Wil
Yuzfinguiduuun 22-gauge fszeziianady 34.67+11.76 Wil uwlanedsasanaiulszana 3 wi
welilumananaiuegalidedrAyieaia Weudssseznainsviwinansidutioanin 40 und uagasus
40 ATl wuitnguiduvung 19-gauge ddnduveinanisildiiantosndn 40 uil gendtedad
YodAgneada nansnaneiaierdosivaunveaduiilugnin Geanansanuiiledelduinaenis
wnadunilenss wagonaananudndulumsunaduiuinluuiese wwildudsnanaenndasiu
NMsAnw1ves Li wazaug Fenuinduawnn 19-gauge Tddwiuasaavszaznalunmsiiusedneles
nInduruin 22-gauge luseslsadussuriinfounds® Lazaenad eaiuUAISANYIVRY Li LavAuy

Tuseglsalilboynisenuinssdvnmiinvesduvnatvglumsiiuimedaiiede®

=2 .
dyunanisAne (Conclusion)
Y < vy a = Y 1 & dl' 1 N v o W aa
n15lEdnvuIn 19-cauge WildiinanuiissnevessitogllowsogeltodAyn1eada
deleuiuiuowin 22-gauge waglinuauunndiavessseznanaislunisiiinanissening
Maeengy uwiinnmsleseiiiadulagldgadnssezaf 40 WITIRENUANLUANGNTENI NG Weka

[ |

manardunsieseinienasi Wlaivualiaaemii (post-hoc analysis) Hasina1derasiiansan

a

% ¥ [ % ¥

Juiiestadunaiiadnainmsinsedt sadutedndasuruiawazauliaun aveinguiieg1e
v & o

Aty AITINTANYURUALAIENTITeNIPF InLUUF Ui ng U uALLAzT VWA 398 19T T EIND

dl' = U a a [ gj 1
e uduUsyaNs nnveadusdasvuIanaly
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Abstract The anastomotic coupler is a microsurgical device for venous anastomosis
in free tissue transfer. International literature has confirmed that it shortens
anastomosis time, lowers thrombosis rates. We report a 60-year-old Thai woman with
squamous cell carcinoma of the left lateral tongue, stage pT3N3bMO (Stage IVB), who
underwent left hemiglossectomy with left modified neck dissection and reconstruction
with a radial forearm free flap. The arterial anastomosis was performed using a hand-
sewn microsurgical technique, while the single venous anastomosis was performed to
the facial vein using an anastomotic coupler device. The flap remained fully viable
with no vascular complications throughout follow-up, including through postoperative
concurrent chemoradiotherapy. This outcome is consistent with the safety profile
reported abroad and represents the first documented use of this technology in a head
and neck free flap within the Thai Ministry of Public Health system. (Thai Cancer J
2026;46:142-152)

Keywords: anastomotic coupler, venous coupler, free flap, radial forearm free flap,

tongue cancer, head and neck reconstruction

Introduction

In Thailand, head and neck cancer ranks among the top five most prevalent cancer
groups, with an age-standardized rate (ASR) approaching 15.7 per 100,000 males and 10.7 per
100,000 females. Within this group, oral cavity cancer is the most common site in men and the
second most common in women after thyroid carcinoma, and it carries the highest mortality
of any head and neck subsite in the country. Over the past three decades the pattern of
disease has shifted: carcinoma of the buccal mucosa, historically linked to betel quid chewing,
has declined, while tongue cancer, more closely associated with tobacco and alcohol use,

has become proportionally more common®. Reported five-year survival for oral cancer
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in Thailand remains modest, and outcomes are consistently worse for tongue primaries than
for other oral subsites!, underscoring both the clinical burden of this disease and the
importance of reconstructive quality once ablative treatment is complete.

Most patients with locally advanced oral tongue cancer require resection of the
primary tumor together with neck dissection, leaving a defect that directly affects speech,
swallowing, and quality of life. Reconstruction with free tissue transfer has therefore become
almost standard alongside ablative surgery, allowing the surgeon to restore both bulk and
mobility rather than relying on primary closure or a pedicled flap that often leaves the tongue
tethered. The radial forearm free flap (RFFF) has long served as the workhorse for tongue and
floor-of-mouth reconstruction: it is thin, highly pliable, resurfaces three-dimensional defects
well, and its pedicle — the radial vessels together with the venae comitantes and, usually,
the cephalic vein — is long and of a caliber that matches the recipient vessels of the neck
comfortably.

Within that operation, the most difficult and time-consuming step remains the
microvascular anastomosis, on which flap survival ultimately depends. The traditional
technique, hand-sewn stitch by stitch under the operating microscope, demands considerable
skill and time, and even in experienced hands the venous anastomosis is disproportionately
responsible for flap failure, since sluggish venous outflow is far more likely to progress silently
to thrombosis than an arterial inflow problem, which tends to declare itself immediately. The
anastomotic coupler was devised specifically to make this step faster and more consistent.
The concept originated with Nakayama in 1962 and has since been refined into a device now
standard at many high-volume centers worldwide. Its principle is mechanical rather than
suture-based: both vessel ends are everted and secured onto a pair of interlocking rings
studded with fine pins, so that the two cut edges meet intima-to-intima around their full
circumference in a single motion. This removes the variability of hand suturing, eliminates the
risk of catching the back wall, and — because the anastomosis itself takes only a few minutes
— meaningfully shortens the total ischemia time the flap must tolerate.

Large international datasets report success rates for coupled venous anastomosis in
head and neck surgery as high as 94.9-97.7%*°, and coupler models incorporating micro-
Doppler probes further allow continuous postoperative flap monitoring®. Despite this
accumulated evidence and the technology's spread through high-income centers, a search of
Thai literature published within the Ministry of Public Health system revealed essentially no

reports of clinical use in head and neck reconstruction. We therefore present our experience
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using a coupler for venous anastomosis in an RFFF reconstruction following tongue cancer
resection. This is the first published case report describing the use of a venous anastomotic
coupler for head and neck free-flap reconstruction in a Thai Ministry of Public Health

Institution, at the National Cancer Institute.

Case Presentation
A 60-year-old Thai woman with a history of type 2 diabetes mellitus, hypertension,
and dyslipidemia with no family history of malignancy and no prior surgery, presented with
a left lateral tongue ulcer of approximately two months' duration. The lesion was

non-bleeding and oral intake remained preserved. Intraoral examination revealed a 3x3 cm

ulcerative mass of the left lateral tongue extending to the midline and floor of mouth.

Figure 1 Preoperative intraoral endoscopic view showing an exophytic/papillary ulcerative

mass of the left lateral tongue extending toward the midline and floor of mouth.

Incisional biopsy showed a spindle cell neoplasm, highly suspicious for spindle cell
squamous cell carcinoma. computed tomography scan (CT Scan) of the oral cavity demonstrated
a left lateral tongue mass invading the left hyoglossus muscle and left lateral tongue base,
measuring 3.8x1.4x2.5 cm, with enlarged left level I-Il neck nodes measuring 0.9-1.0 cm.

The patient underwent left hemiglossectomy with left modified neck dissection (level
I-V) with reconstruction using a radial forearm free flap, with a split-thickness skin graft (STSG)
used to close the forearm donor site. The arterial anastomosis was hand-sewn to the facial
artery, while the single venous anastomosis was performed to the facial vein using an
anastomotic coupler device Figure 2 shows the operative field immediately after completion

of the coupled anastomosis.
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Figure 2 Intraoperative view of the left neck showing the anastomotic coupler device joining

the flap vein to the facial vein, immediately after completion.

The coupler was applied according to the device’s standard technique?. The diameters
of the facial vein and cephalic vein were measured using the vessel sizer provided with the
coupler system. Both vessels measured approximately 3 mm in diameter; therefore, a 3-mm
coupler was selected. Each vessel end was then passed through its corresponding ring and
everted so that the intimal surface fully covered the interlocking pins, with care taken to avoid
trapping the adventitia between the pins. Care was taken to avoid trapping adventitia between
the pins, which would prevent complete wall apposition. The two rings were then
approximated with the applicator until an audible click confirmed engagement. The
anastomosis was inspected once more to confirm that no vessel wall had slipped off the pins
and that the pedicle was not twisted, before releasing the clamps and visually confirming
patency. The entire process took under 10 minutes per anastomosis, compared with the

30-60 minutes typically required for hand-sewn technique.
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Table 1 Summarizes the key clinical data for this patient.

Sex/Age

Comorbidities

Presenting complaint

Physical examination

Incisional biopsy

CT scan oral cavity

Surgery

Vascular anastomosis

Final pathology

Lymph nodes

Pathologic staging

Female, 60 years

Type 2 diabetes mellitus, hypertension, dyslipidemia no family

history of malignancy, no prior surgery

Left lateral tongue ulcer for approximately 2 months prior to

presentation, non-bleeding, oral intake preserved

3x3 cm ulcerative mass of the left lateral tongue, extending to

the midline and floor of mouth

Spindle cell neoplasm, highly suspicious for spindle cell

squamous cell carcinoma

Left lateral tongue mass invading the left hyoglossus muscle and
left lateral tongue base, 3.8x1.4x2.5 cm, with enlarged left level

Il nodes measuring 0.9-1.0 cm

Left hemiglossectomy with left modified neck dissection (level
I-V) with reconstruction with a radial forearm free flap (RFFF) with

STSG

One venous anastomoses: facial vein- cephalic vein via
anastomotic coupler device; Arterial anastomosis: facial artery -

radial artery via hand-sewn microsuture

Squamous cell carcinoma, poorly differentiated, non-keratinizing;
tumor size 3.1x1.5 cm; depth of invasion 1.5 cm; lymphovascular
invasion (LVI) not identified; perineural invasion (PNI) present; free

resection margins

Level IA: no metastasis (0/3); Level IB: metastasis in 3/6 nodes,
largest deposit 1 cm, extranodal extension present; Level II-V:
metastasis in 8/16 nodes, largest deposit 1.2 cm, extranodal
extension present; overall 11/25 nodes positive with

extracapsular extension (ECE)

pT3N3bMO, Stage IVB
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Table 1 summarizes the key clinical data for this patient. (cont.)

Adjuvant treatment Referred for postoperative concurrent chemoradiotherapy in view

of extranodal extension

Post concurrent Post CCRT, the patient tolerated treatment well. The flap
chemoradiotherapy remained well-healed with no abnormal granulation tissue at the
(CCRT) anterior floor of mouth; the neck wound had healed well

follow-up at 6 months  Flap fully viable with an excellent outcome; no coupler-related
complications or venous congestion/thrombosis throughout

follow-up

Final histopathology confirmed squamous cell carcinoma, poorly differentiated, non-
keratinizing, measuring 3.1x1.5 cm with a depth of invasion of 1.5 cm. Lymphovascular invasion
was not identified, but perineural invasion was present; resection margins were free of tumor.
Neck dissection specimens showed metastasis in 11 of 25 lymph nodes overall, with
extranodal extension (ENE) present at level IB and level II-V. The disease was staged as
pT3N3bMO, Stage IVB, and the patient was referred for postoperative concurrent
chemoradiotherapy in view of the extranodal extension.

Postoperative flap monitoring relied primarily on clinical assessment: color, skin
temperature, tissue turgor, capillary refill time, and a pinprick test at the flap tip to assess the
character of the bleeding. A well-perfused flap bleeds bright red blood that wells up within a
few seconds of the prick; venous congestion produces dark blood that flows briskly and in
excess; and arterial insufficiency typically yields little or no bleeding, or a markedly delayed
response. Shen and colleagues, in a systematic review, concluded that these clinical methods
remain the mainstay of monitoring at most centers worldwide, even as implantable Doppler
probes and near-infrared spectroscopy have become more widely available as adjuncts.
This patient was assessed clinically every 4-6 hours for the first 72 postoperative hours, with
the interval lengthened progressively thereafter; at no point during the critical period was
there an indication for return to the operating room for re-exploration.

On postoperative day 7, intraoral examination showed a viable flap, pink in color and
well apposed to the surrounding tissue, with no evidence of venous congestion or ischemia,

as shown in Figure 3.
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Figure 3 Intraoral endoscopic view on postoperative day 7 showing a viable radial forearm

free flap with good pink color and no venous congestion or ischemia.

On postoperative day 14, follow-up examination again showed a well-viable flap, fully

apposed to the surrounding tissue margin, with no complications, as shown in Figure 4.

Figure 4 Intraoral view on postoperative day 14 showing a fully viable radial forearm free

flap, well apposed to the surrounding tissue margin.

At one month postoperatively, follow-up examination showed a persistently viable
flap with stable shape and color, fully apposed to the surrounding tissue margin, with no

complications, as shown in Figure 5.
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Figure 5 Intraoral view at one month postoperatively showing a fully viable radial forearm

free flap, well apposed to the surrounding tissue margin.

Postoperatively, the patient recovered well and commenced concurrent
chemoradiotherapy (CCRT) within 4 weeks of surgery. The flap remained fully viable
throughout the postoperative and adjuvant treatment periods, with satisfactory healing of
both the flap and neck wound. No abnormal granulation tissue was observed at the anterior
floor of the mouth. There was no clinical evidence of vascular compromise or other flap-
related complications during follow-up.

The patient completed CCRT without significant complications. At 3 months following
completion of radiotherapy, the flap remained viable with excellent healing, and there was
no clinical evidence of tumor recurrence. No coupler-related complications, including venous

thrombosis, hematoma, or coupler exposure, were observed throughout the follow-up period.

Discussion

The outcome in this patient is consistent with a now substantial body of international
literature. Frederick and colleagues followed 261 coupled anastomoses in 234 patients and
found that the device shortened operative time and reduced vascular complications®. Zhang
and colleagues reported flap survival rates as high as 94.9-95.4% with the coupler across 173
flaps?, and Farsi and colleagues obtained a comparable figure of 97.7% in 204 patients®. This
patient received a single venous anastomosis; however, Zhang et al. reported a higher
thrombosis rate in flaps with a single venous anastomosis (8.6%) compared with those with
two venous anastomoses (1.7%)?. Nonetheless, this patient achieved a favorable outcome

without complications.
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Some coupler models incorporate a micro-Doppler probe into the device itself (the
flow coupler), enabling continuous postoperative monitoring of flap perfusion without relying
on clinical observation alone®. Bowe and colleagues found that this approach significantly
increased flap salvage rates compared with clinical monitoring alone’. This patient's coupler
did not include a Doppler probe, and monitoring remained primarily clinical; the outcome was
nonetheless favorable. It is worth noting, however, that incorporating flow monitoring in future
cases would likely add a further margin of confidence to postoperative surveillance.

A dimension that is often overlooked when considering adoption of the coupler is cost.
Head and McKay, using activity-based costing, compared the coupler with hand-sewn
technique and found that although the device itself costs more per unit than suture, the time
saved in the operating room made the coupler faster to break even and, overall, less
expensive®. More directly relevant to the Thai context is the study by Arora and colleagues
from India, who analyzed 1,694 venous anastomoses performed in a public hospital setting:
the coupler group had a thrombosis rate of only 0.97% versus 6.4% for hand-sewn
anastomoses, a mean anastomosis time of 5+2 minutes versus 1744 minutes, and a flap loss
rate that fell from 2.56% to 0.55%°. This finding speaks directly to a question institutions in
Thailand often raise, namely whether the technology is genuinely usable in a resource-
constrained system, and the Indian experience suggests that it is, and is not confined to high-
income referral centers.

The coupler is also beginning to be applied to arterial anastomosis, though this remains
far less widespread than its venous application. A recent systematic review reported arterial
coupling success rates at a level that appears clinically usable!'®. This patient's arterial
anastomosis was still hand-sewn according to conventional practice, but with adequate
equipment and operator experience, extending coupler use to the artery in future cases
appears feasible as well.

A genuine concern is the device's own long-term complications, particularly exposure
or extrusion of the coupler through the overlying skin or mucosa. Kubo and colleagues
reported a case of coupler exposure at seven months postoperatively in a patient who, like
this one, had received postoperative radiotherapy!'. This patient therefore still requires
continued long-term follow-up, since irradiated tissue tends to thin and become more fragile,
increasing the likelihood of coupler exposure even after the flap appears well settled.

Several institutions in Thailand have accumulated experience and published outcomes

of head and neck free flap reconstruction, yet reports specifically addressing the coupler
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remain scarce; our search during the preparation of this report found essentially no published
data on the topic. Taken together with the economic evidence above®’, we believe this initial
experience may serve as a useful reference for other institutions considering adoption of the
device and as a potential foundation for future implantable flap-monitoring systems. This
report has clear limitations: it describes a single patient, follow-up remains short, and there is
no comparison group treated with hand-sewn technique at the same institution, so no policy-
level recommendation can be drawn. A more definitive answer would require prospective
case series across multiple institutions, evaluating both cost-effectiveness and appropriateness

before wider adoption within the Thai public health system.

Conclusion
This case demonstrates that an anastomotic coupler can be used successfully for
venous anastomosis in RFFF reconstruction following tongue cancer resection in Thai clinical
practice, with complete flap survival and no vascular complications throughout follow-up,
even through postoperative concurrent chemoradiotherapy. This outcome is consistent with
the safety data reported internationally and may serve as a starting point encouraging other

institutions in Thailand to consider adopting this technology.
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