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Abstract

Background: Patients with non-metastatic head and neck squamous
cell carcinoma (HNSCC) face high risks of recurrence after curative-
intent treatment. Maintenance therapy aims to prolong disease control
during this vulnerable period. Tegafur-uracil (UFT), an oral fluoropy-
rimidine with a favorable toxicity profile, has demonstrated efficacy
in other solid tumors. This study systematically evaluated the survival
benefits of UFT as a maintenance therapy in HNSCC.

Methods: A systematic review and meta-analysis were conducted ac-
cording to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, with the protocol registered on
the Open Science Framework. PubMed, Embase, and CENTRAL were
searched through May 2025. Eligible studies included adult patients
with non-metastatic HNSCC who received UFT after curative treat-
ment, with comparison to observation or standard care. Hazard ratios
(HRs) for progression-free survival (PFS) and overall survival (OS)
were pooled using random-effects models. Trial sequential analysis
(TSA) was performed to assess the conclusiveness of the findings.

Results: Six observational studies including 1,373 patients were ana-
lyzed. UFT maintenance therapy was associated with improved PFS
(HR: 0.68; 95% confidence interval (CI): 0.56 - 0.81; P < 0.001) and
OS (HR: 0.54; 95% CI: 0.42 - 0.71; P < 0.001) compared with obser-
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vation. TSA suggested that the available evidence may be sufficient
to support a potential benefit for PFS, while for OS, further studies
are still needed to strengthen the conclusions. Sensitivity analyses
showed broadly consistent results; however, most included studies
carried a moderate to serious risk of bias due to their non-randomized
designs, which warrants cautious interpretation.

Conclusions: UFT maintenance therapy may be associated with im-
proved survival outcomes in patients with non-metastatic HNSCC. Its
oral formulation, relatively low toxicity, and potential cost-effective-
ness suggest that it could represent a feasible treatment option. How-
ever, these observations currently indicate only a possible trend and
should not be regarded as definitive conclusions. Further prospective
randomized controlled trials are required to validate the efficacy of
UFT maintenance therapy and to establish standardized protocols for
patient selection and dosing.

Keywords: Head and neck; Squamous cell carcinoma; Tegafur-ura-
cil; Maintenance therapy; Meta-analysis

Introduction

Head and neck squamous cell carcinoma (HNSCC) represents
the sixth most common malignancy worldwide, with approxi-
mately 890,000 new cases diagnosed annually [1]. Despite sig-
nificant advances in multimodal treatment approaches, including
surgical resection, radiotherapy, and chemotherapy, the progno-
sis for patients with locally advanced disease remains challeng-
ing, with 5-year overall survival (OS) rates ranging from 40% to
65% depending on disease stage and anatomical site [2, 3].

The standard treatment paradigm for non-metastatic HN-
SCC typically involves either surgical resection followed by
adjuvant chemoradiotherapy or definitive concurrent chemora-
diotherapy (CCRT) for unresectable tumors [4, 5]. While these
intensive curative-intent treatments can achieve complete re-
mission in a substantial proportion of patients, the post-treat-
ment period presents a critical therapeutic dilemma. Following
completion of primary treatment, patients with no evidence of
disease enter a surveillance phase consisting primarily of clini-
cal observation with regular imaging and physical examina-
tions [6]. However, despite achieving initial disease control,
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a significant proportion of patients eventually experience dis-
ease recurrence, with locoregional failure rates of 50-60% and
distant metastasis rates of 10-25% within the first 2 years [7].

The concept of maintenance therapy - administering less
intensive treatment following completion of definitive therapy
- has shown benefits in various malignancies by prolonging
disease-free intervals while maintaining acceptable quality of
life [8, 9]. The challenge lies in identifying appropriate mainte-
nance strategies that can prolong disease-free survival without
compromising quality of life or imposing prohibitive toxicity.
Conventional intensive chemotherapy regimens used during
primary treatment are generally not suitable for maintenance
therapy due to their significant toxicity profile, which would
be poorly tolerated by patients in remission [10]. Similarly,
while targeted therapies and immunotherapeutic agents have
shown promise in various oncological settings, their wide-
spread implementation as maintenance therapy is often limited
by substantial financial burden and accessibility issues, par-
ticularly in resource-limited healthcare systems.

Tegafur-uracil (UFT), an oral fluoropyrimidine consisting
of tegafur and uracil in a 1:4 molar ratio, represents an attractive
option for maintenance therapy in HNSCC. Tegafur serves as
a prodrug of 5-fluorouracil (5-FU), while uracil acts as a com-
petitive inhibitor of dihydropyrimidine dehydrogenase, the rate-
limiting enzyme in 5-FU catabolism, thereby enhancing the bio-
availability and prolonging the half-life of the active metabolite
[11]. This formulation allows for oral administration with sus-
tained 5-FU levels while maintaining a favorable toxicity profile
compared to intravenous 5-FU-based regimens [12].

The potential advantages of UFT as maintenance therapy
include its oral bioavailability, manageable side effect profile,
established efficacy in other malignancies, and relatively af-
fordable cost. Previous studies have demonstrated the efficacy
of UFT in various solid tumors, including colorectal [13-15],
and lung cancers [16], where it has been successfully em-
ployed as both adjuvant and maintenance therapy. In the con-
text of HNSCC, UFT offers the theoretical benefit of sustained
antineoplastic activity during the high-risk period following
primary treatment completion, potentially preventing micro-
metastatic disease progression while maintaining patient qual-
ity of life and treatment compliance [17, 18].

However, the evidence for UFT maintenance therapy in
HNSCC has been derived primarily from individual institu-
tional experiences and retrospective analyses, with limited
systematic evaluation of its efficacy and safety profile. The
heterogeneity in study designs, patient populations, treatment
protocols, and outcome measures has made it challenging to
draw definitive conclusions about the role of UFT mainte-
nance therapy in HNSCC management.

Given the significant clinical need for effective maintenance
strategies in HNSCC and the potential benefits of UFT therapy, a
comprehensive systematic review and meta-analysis is warrant-
ed to synthesize the available evidence and provide clinicians
with evidence-based guidance for treatment decision-making.
Therefore, we conducted this systematic review and meta-anal-
ysis with trial sequential analysis (TSA) to evaluate the efficacy
of UFT maintenance therapy in improving progression-free sur-
vival (PFS) and OS outcomes in patients with non-metastatic
HNSCC who have completed curative-intent treatment.

Materials and Methods

Study design and protocol registration

This systematic review and meta-analysis were conducted fol-
lowing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement guidelines (Sup-
plementary Material 1, wjon.elmerpub.com). The research
protocol was prospectively registered with the Open Science
Framework (OSF) to ensure methodological transparency
and minimize reporting bias. This study was approved by the
Ethics Review Boards of Tri-Service General Hospital (No.
B202405200; approval date: December 18, 2024).

Ethical compliance with human study

All procedures involving human participants were conducted
in accordance with the ethical standards of the institutional
and/or national research committee, as well as the 1964 Hel-
sinki Declaration and its later amendments or comparable ethi-
cal standards.

Literature search strategy

A comprehensive search was performed across three major
electronic databases: PubMed (MEDLINE), Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL).
The search timeframe extended from database inception
through May 1, 2025, with no language restrictions applied
initially, though only English-language publications were ulti-
mately included for analysis.

The search strategy employed a combination of Medical
Subject Headings (MeSH) terms and free-text keywords re-
lated to three core concepts: HNSCC, UFT therapy, and main-
tenance treatment approaches. Boolean operators (AND, OR)
were used to combine search terms appropriately. The detailed
search algorithms for each database are provided (Supplemen-
tary Material 2, wjon.elmerpub.com).

Additional studies were identified through manual review
of reference lists from included articles, relevant systematic
reviews, and conference abstracts from major oncology meet-
ings. Forward citation searching was also performed for key
studies to identify any additional relevant publications.

Study inclusion and exclusion criteria

Studies were considered eligible for inclusion if they met the
following criteria: 1) enrolled adult patients (> 18 years) with
histologically confirmed non-metastatic HNSCC who had
completed curative-intent treatment; 2) investigated UFT as
maintenance or adjuvant therapy in the post-treatment setting;
3) included a comparison group receiving either observation,
placebo, or alternative maintenance therapy; 4) reported time-
to-event outcomes including PFS and/or OS with sufficient data
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Figure 1. PRISMA flow diagram for study selection. PRISMA: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

to calculate hazard ratios (HRs); and 5) employed either rand-
omized controlled trial or observational cohort study designs.
Exclusion criteria included: 1) studies focusing exclu-
sively on recurrent or metastatic disease; 2) single-arm studies
without appropriate control groups; 3) case reports, case se-
ries, review articles, or editorials; 4) studies that did not report
relevant survival endpoints; 5) conference abstracts without
full-text publication; 6) duplicate publications reporting on
identical patient populations; and 7) studies focusing solely on
quality of life or toxicity outcomes without survival data.

Study selection process

Two investigators independently screened all identified re-

cords using a two-stage process following PRISMA guide-
lines. Initially, titles and abstracts were reviewed for potential
relevance using predefined screening criteria. Subsequently,
full-text articles of potentially eligible studies were obtained
and assessed against the predetermined inclusion and exclu-
sion criteria. Any disagreements between reviewers were re-
solved through discussion, with consultation of a third senior
investigator when consensus could not be reached. The study
selection process is illustrated in the PRISMA flow diagram

(Fig. 1).
Data extraction methodology

Standardized data extraction forms were developed and pilot-
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tested before implementation. Two reviewers independently
extracted relevant information from each included study, in-
cluding: study design and setting; patient demographics and
baseline characteristics (age, gender, Eastern Cooperative
Oncology Group (ECOGQG) performance status); tumor stag-
ing and histological details (TNM classification, primary tu-
mor site); prior treatment modalities (surgery, radiotherapy,
chemotherapy regimens); UFT dosing regimens and treatment
duration; control group interventions; outcome definitions
and measurement methods; follow-up duration; and statistical
analysis approaches.

When necessary, authors of included studies were con-
tacted to obtain additional data or clarification of methodol-
ogy. For studies with multiple publications, the most recent
or comprehensive report was used as the primary source,
with earlier publications consulted for supplementary infor-
mation.

Quality assessment framework

The methodological quality of included studies was evaluated
using the Risk of Bias in Non-randomized Studies of Inter-
ventions (ROBINS-I) tool, as all included studies were obser-
vational cohort studies. The ROBINS-I assessment evaluated
seven domains: bias due to confounding, bias in selection of
participants, bias in classification of interventions, bias due
to deviations from intended interventions, bias due to missing
data, bias in measurement of outcomes, and bias in selection
of reported results.

Quality assessment was performed independently by two
reviewers, with disagreements resolved through consensus
discussion. Overall quality ratings were assigned as low, mod-
erate, serious, or critical risk of bias for each study. Detailed
risk of bias assessments for all included studies is provided
(Supplementary Material 3, wjon.elmerpub.com).

Statistical analysis approach

For the meta-analysis methodology, HRs with 95% confidence
intervals (CIs) served as the primary effect measure for time-
to-event outcomes (PFS and OS). Meta-analysis was conduct-
ed using both fixed-effect and random-effects models, with
random-effects results presented as the primary analysis due to
anticipated clinical and methodological heterogeneity among
studies.

The DerSimonian-Laird method was employed for ran-
dom-effects meta-analysis, with between-study variance (tau?)
estimated using the restricted maximum likelihood approach.
Statistical significance was assessed at the 0.05 level.

For heterogeneity assessment, statistical heterogeneity
was quantified using the 1? statistic, with values of 25%, 50%,
and 75% representing low, moderate, and high heterogeneity,
respectively. The Chi-square test (Cochran’s Q) was used to
assess the statistical significance of heterogeneity, with P <
0.10 considered indicative of substantial heterogeneity given
the low power of this test.

For sensitivity analyses, the robustness of findings was
evaluated through sensitivity analyses using the leave-one-
out approach, where each study was sequentially excluded
to assess its influence on the overall effect estimate. These
analyses are presented here (Supplementary Material 4,
wjon.elmerpub.com) to demonstrate the stability of the meta-
analysis results.

For publication bias assessment, assessment of publication
bias using funnel plot visual inspection and Egger’s regression
test was not performed due to the limited number of included
studies (< 10 studies). According to methodological guidelines,
these tests require at least 10 studies for reliable interpretation,
as the test power is insufficient to distinguish chance from real
asymmetry with fewer studies. This limitation is discussed
(Supplementary Material 5, wjon.elmerpub.com).

For TSA, to address concerns about random errors due to
sparse data and repeated significance testing, TSA was per-
formed using TSA software version 0.9.5.10 Beta (Copenha-
gen Trial Unit, Denmark). This analysis aimed to determine
whether the cumulative evidence was sufficient to support firm
conclusions or whether additional studies were needed. TSA
was conducted using a two-sided alpha level of 5%, power of
80%, and a clinically relevant relative risk reduction of 20%
based on expert clinical judgment and literature review. The
required information size was calculated based on the assumed
intervention effect, control group event rate, and desired sta-
tistical power.

For software and statistical packages, all statistical analy-
ses were performed using R statistical software version 4.3.0
(R Foundation for Statistical Computing, Vienna, Austria) with
the “meta” and “metafor” packages for meta-analysis. Forest
plots were generated using standard R graphics packages.

A two-sided P value < 0.05 was considered statistically
significant for all analyses, except for heterogeneity testing
where P < 0.10 was used as the threshold.

Results

Study selection and characteristics

The systematic literature search identified 300 records
from the three electronic databases (PubMed, Embase, and
Cochrane Central). After removing 71 duplicate records, 229
unique citations remained for title and abstract screening.
Following the application of inclusion and exclusion crite-
ria, 210 records were excluded during the initial screening
phase, primarily due to study design limitations (review ar-
ticles, case series, single-arm studies) or focus on metastatic
disease. Nineteen full-text articles were assessed for eligibil-
ity, of which 13 were subsequently excluded due to meta-
static disease, insufficient outcome data, lack of comparison
groups, or focus solely on quality of life/toxicity outcomes
without survival data. Ultimately, six studies met all inclu-
sion criteria and were included in both qualitative synthesis
and quantitative meta-analysis (Fig. 1).

It should be noted that the search did not yield eligible
studies that focused on UFT maintenance therapy follow-

612 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com


https://wjon.elmerpub.com
https://wjon.elmerpub.com
https://wjon.elmerpub.com

Lee et al

World ] Oncol. 2025;16(6):609-620

Table 1. Characteristics of Studies Evaluating UFT Maintenance Therapy in Advanced Head and Neck Cancers

Cancer

Study (HNSCC) — Stage Prior treatment Treatment groups Sample size
Huang et al, oC IVa and IVb Surgical resection and CCRT UFT vs. non-UFT 93 (51 UFT,
2021 [19] with cisplatin-based regimen 42 non-UFT)
Huang et al, oC IVa and IVb Curative surgical resection followed =~ UFT vs. non-UFT 103 (64 UFT,
2022 [20] by adjuvant cisplatin-based CCRT 39 non-UFT)
Lien et al, HPx 25% 111, 75% Total laryngopharyngectomy UFT vs. non-UFT in 157 total (53
2023 [21] IVa-IVb followed by adjuvant CRT cortactin-positive and cortactin+, 104
cortactin-negative patients  cortactin-)

Yeh et al, OC, OPx, 21% III, 79% Surgical resection, CCRT UFT vs. non-UFT 240 (96 UFT,
2021 [22] HPx IVa-IVb or chemotherapy 144 non-UFT)
Hsieh et al, ocC 13% 111, 87% IV~ Curative surgery and postoperative UFT vs. non-UFT 356 (114 UFT,
2018 [9] chemoradiotherapy 242 non-UFT)
Hsieh et al, OC, OPx, 9% stage I-1I, Definitive chemoradiotherapy UFT vs. non-UFT 424 (212 UFT,
2025 [23] HPx, Lx 91% stage III-IVB  without surgical intervention 212 non-UFT)

UFT: tegafur-uracil;, HNSCC: head and neck squamous cell carcinoma; CCRT: concurrent chemoradiotherapy; OC: oral cavity; OPx: oropharynx;

HPx: hypopharynx; Lx: larynx.

ing a primary treatment strategy of induction chemotherapy;
therefore, the subsequent analysis is confined to patients who
completed definitive or adjuvant (postoperative) treatment
regimens.

Study characteristics and patient demographics

The six included studies were all observational cohort studies
conducted between 2018 and 2025, encompassing a total of
1,373 patients with non-metastatic HNSCC [9, 19-23]. Sample
sizes ranged from 93 to 424 patients per study. All studies in-
vestigated UFT maintenance therapy following curative-intent
treatment compared to observation.

The studies included patients with oral cavity, oropharynx,
hypopharynx, and laryngeal cancers. The majority of patients
had locally advanced diseases (stage III-IV). Prior treatments
included surgical resection followed by adjuvant chemoradio-
therapy in most studies, with one study focusing on definitive
chemoradiotherapy without surgery (Table 1) [9, 19-23]. Pa-
tient demographics showed male predominance (88-98%) and
mean age ranging from 49 to 57 years. The UFT and control
groups were generally well-balanced for baseline characteris-
tics (Table 2) [9, 19-23].

UFT dosing regimens varied across studies, with most em-
ploying 300 - 400 mg daily divided into two doses, with treat-
ment duration typically planned for 1 year. Treatment compli-
ance data were not consistently reported across all studies.

Risk of bias assessment

All included studies were assessed using the ROBINS-I tool
for non-randomized studies. Overall risk of bias was rated as
serious in five studies and moderate in one study. The primary
sources of bias were confounding (due to non-randomized treat-
ment allocation) and participant selection. Most studies attempt-

ed to control for confounding through multivariable analysis,
adjusting for factors such as age, tumor stage, nodal status, and
performance status. However, residual confounding remained a
concern due to the observational nature of all included studies
(Supplementary Material 3, wjon.elmerpub.com).

Meta-analysis results
PFS

Five studies with 1,280 patients provided data for PFS analy-
sis. The meta-analysis demonstrated a statistically significant
improvement in PFS with UFT maintenance therapy compared
to observation (HR: 0.68, 95% CI: 0.56 - 0.81, P < 0.001).
Heterogeneity was moderate (I? = 32.7%, P = 0.20), suggesting
reasonable consistency across studies despite methodological
differences (Fig. 2).

TSA for PFS was conducted with an assumed relative risk
reduction of 20%, alpha of 5%, and power of 80%. The re-
quired information size was calculated to be 1,413 patients.
With the current evidence including 1,280 patients (90.6% of
required information size), the Z-curve crossed both the con-
ventional boundary for benefit and the trial sequential moni-
toring boundary, suggesting that sufficient evidence exists to
conclude a beneficial effect of UFT maintenance therapy on
PFS (Fig. 3).

oS

Six studies with 1,373 patients contributed to the OS analysis.
UFT maintenance therapy was associated with a significant
improvement in OS compared to observation (HR: 0.54, 95%
CI: 0.42 - 0.71, P < 0.001). Statistical heterogeneity was mod-
erate to high (I = 55.7%, P = 0.046), indicating some variabil-
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Table 2. Patient Demographics and Disease Characteristics in UFT Maintenance Therapy Studies

Study (HNSCC) Mean age (years) Gender (male %) ECOGPS (0-1)% T classification N classification
Huang et al, UFT: 51.61 UFT: 90.2% UFT: 92.0% T3-T4: UFT 72.55% N2-N3: UFT 60.78%,
2021 [19] non-UFT 57.14%
Non-UFT: 57.10 Non-UFT: 88.1% Non-UFT: 66.66% Non-UFT 73.81%
Huang et al, UFT: 49.8 + 8.8 UFT: 90.6% 100% (all T4: UFT 46.9% N3B: UFT 82.8%,
2022 [20] ECOGPS 1) non-UFT 92.3%
Non-UFT: 49.9 +£ 11.5 Non-UFT: 92.3% Non-UFT 61.5%
Lien et al, Median: 54 98% (both groups)  Not reported pT3-4: cortactin+ pN3: cortactint 68%,
2023 [21] 70%, cortactin- 65% cortactin- 51%
Yeh et al, UFT: 56 + 10 UFT: 97.9% Not reported Not reported Not reported
2021 [22]
Non-UFT: 54 + 10 Non-UFT: 97.2%
Hsieh et al, UFT: 52+ 10 UFT: 98% Not reported Not reported Not reported
2018 [9]
Non-UFT: 54 £ 11 Non-UFT: 93%
Hsieh et al, UFT: 42% > 60 years ~ UFT: 95% Not reported T1-T2: UFT 39%, NO-N1: UFT 37%,
2025 [23] non-UFT 41%; non-UFT 30%

Non-UFT: 36%
> 60 years

Non-UFT: 92%

T3-T4: UFT 61%,
non-UFT 59%

N2-N3: UFT 63%,
non-UFT 70%

UFT: tegafur-uracil; HNSCC: head and neck squamous cell carcinoma; ECOG PS: Eastern Cooperative Oncology Group performance status.

ity in treatment effects across studies (Fig. 4).

For OS-TSA, the required information size was calculated
to be 1,816 patients. The current meta-analysis included 1,373
patients (75.6% of required information size). While the Z-
curve crossed the conventional boundary for benefit, the trial
sequential monitoring boundary was not reached. Consequent-
ly, the evidence to date is inconclusive, and any potential sur-
vival benefit should be regarded as provisional until confirmed
by larger, high-quality trials (Fig. 5).

Sensitivity analysis

Sensitivity analyses using the leave-one-out approach demon-
strated the robustness of the meta-analysis findings for both
outcomes. For PFS, sequential exclusion of individual studies

resulted in HRs ranging from 0.65 to 0.71, with all CIs remain-
ing statistically significant. For OS, the HRs ranged from 0.53
to 0.61, again maintaining statistical significance regardless
of which study was excluded. These analyses indicate that no
single study disproportionately influenced the overall results
(Supplementary Material 4, wjon.elmerpub.com).

Publication bias assessment

Publication bias assessment via funnel plots and Egger’s test
was not performed due to the limited number of included stud-
ies (< 10 studies). According to methodological guidelines,
tests for funnel plot asymmetry require at least 10 studies for
reliable interpretation. Therefore, while publication bias can-
not be ruled out, formal statistical assessment was deemed in-

Weight Weight
Study Total number PFS-HNSCC HR 95%-Cl (common) (random)
Hsieh 2018 356 —I&— 0.62 [0.45; 0.85] 21.8% 23.0%
Yeh 2021 240 —8—— 0.51 [0.31;0.82] 9.3% 12.0%
Huang 2022 103 —-—i— 0.47 [0.26; 0.85] 6.3% 8.5%
Lien 2023 157 +— 0.88 [0.64; 1.22] 21.2% 22.5%
Hsieh 2025 424 —-— 0.73 [0.58;0.92] 41.4% 34.1%
i
1
Common effect model 1280 <> 0.69 [0.59; 0.80] 100.0% ;
Random effects model - 0.68 [0.56; 0.81] 100.0%
Heterogeneity: 12 =32.7%, p =0.2032 I
0.5 1 2

Figure 2. Forest plot for progression-free survival (PFS) in head and neck squamous cell carcinoma (HNSCC). HR: hazard ratio;

Cl: confidence interval.
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Figure 3. Trial sequential analysis for progression-free survival (PFS-TSA). The blue line represents the cumulative Z-curve,
which crosses both the conventional boundary for benefit (inner green line, Z = 1.96) and the trial sequential monitoring boundary
for benefit (outer dashed red line). The cumulative sample size (1,280 patients) has reached 90.6% of the required information
size (APIS = 1,413 patients, vertical red line), suggesting that the evidence for a benefit in PFS is sufficient and conclusive.

appropriate given these limitations (Supplementary Material 5,
wjon.elmerpub.com).

Discussion

This systematic review and meta-analysis provide, to our
knowledge, the first comprehensive evaluation of UFT main-
tenance therapy in non-metastatic HNSCC. Based on six ob-

servational studies including 1,373 patients, our findings sug-
gest that UFT maintenance therapy may be associated with
improvements in both PFS and OS compared with observation
alone following curative-intent treatment. TSA indicated that
the available evidence appears adequate to suggest a poten-
tial benefit for PFS, whereas the findings for OS remain less
certain and require confirmation through additional research.
Overall, these results should be interpreted with caution, and
further high-quality studies are necessary before UFT mainte-

Weight Weight
Study Total number 0OS-HNSCC HR 95%-Cl (common) (random)
Hsieh 2018 356 —i— 0.54 [0.37;0.77] 18.6% 19.2%
Huang 2021 93 —'—h:— 0.37 [0.19; 0.75] 5.3% 10.0%
Yeh 2021 240 —— 0.53 [0.33; 0.85] 11.1% 15.4%
Huang 2022 103 —l—i 0.29 [0.16; 0.54] 6.7% 11.7%
Lien 2023 157 —lH- 0.83 [0.59; 1.17] 21.3% 20.2%
Hsieh 2025 424 —'.- 0.61 [0.47;0.79] 37.0% 23.5%
Common effect model 1373 ‘ 0.58 [0.50; 0.68] 100.0% .
Random effects model - 0.54 [0.42; 0.71] 100.0%
Heterogeneity: I* = 55.7%, p = 0.0461 ' ! ! !
0.2 05 1 2 5

Figure 4. Forest plot for overall survival (OS) in head and neck squamous cell carcinoma (HNSCC). HR: hazard ratio; Cl: con-

fidence interval.
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Figure 5. Trial sequential analysis for overall survival (OS-TSA). The blue line represents the cumulative Z-curve. Although the Z-
curve has crossed the conventional boundary for benefit (inner green line, Z = 1.96), it has not yet crossed the more stringent trial
sequential monitoring boundary (outer dashed red line). The cumulative sample size (1,373 patients) has only reached 75.6% of
the required information size (APIS = 1,816 patients, vertical red line). This indicates that while there is a trend towards benefit,

the evidence is not yet conclusive, and further studies are needed.

nance therapy can be considered for routine incorporation into
standard care pathways for HNSCC.

Therapeutic benefits

Our meta-analysis lends preliminary support to the potential
role of metronomic chemotherapy as implemented through
UFT maintenance therapy. This approach, which involves
continuous administration of chemotherapeutic agents at low,
minimally toxic doses, has been hypothesized to inhibit tumor
angiogenesis, modulate immune responses, and reduce the
likelihood of tumor regrowth [24]. The sustained drug expo-
sure achieved with UFT may contribute to targeting minimal
residual disease and delaying the establishment of micrometa-
static foci during the post-treatment period [25].

While the observed trends appear consistent across differ-
ent primary tumor sites and treatment modalities, these find-
ings should be interpreted with caution. The field cancerization
phenomenon, characterized by multiple genetic alterations in
the head and neck mucosa due to chronic exposure to carcino-
gens such as tobacco and alcohol, may predispose to recur-
rence [1]. UFT maintenance therapy could potentially help
counteract these oncogenic processes through its sustained an-

tineoplastic activity, although further high-quality studies are
needed to confirm these effects.

It is crucial to interpret our findings in light of the obser-
vational design of all included studies, which carry a moderate
to serious risk of bias (Supplementary Material 3, wjon.elmer-
pub.com). As treatment was allocated by physician discretion,
selection bias favoring patients with better prognoses for UFT
maintenance is a significant concern. Despite multivariable ad-
justments in the original studies, residual confounding likely
influenced the outcomes. Therefore, the magnitude of the ob-
served treatment effect (OS HR 0.54; PFS HR 0.68) is plausi-
bly inflated by these inherent biases. While the consistency of
the results is noteworthy, a definitive causal link between UFT
and improved survival awaits validation from prospective ran-
domized controlled trials.

Comparison with contemporary therapies and clinical
implications

Compared to other oral fluoropyrimidines such as S-1, UFT
demonstrates efficacy as a maintenance therapy in non-met-
astatic head and neck cancers that is not inferior, with dis-
tinct advantages. Similarly, the ACTS-HNC trial in HNSCC
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showed that 1 year of S-1 yielded a 3-year disease-free surviv-
al of 64.1%, comparable to UFT’s 60.0%, though S-1 achieved
a higher 3-year OS (82.9% vs. 75.8%) [25]. As previously
noted, UFT’s favorable toxicity profile and practical advan-
tages - such as less hand-foot syndrome than capecitabine and
reduced hematologic toxicity compared to S-1 - make it a suit-
able option for prolonged maintenance therapy.

The emergence of immunotherapy and targeted therapies
has influenced current approaches to HNSCC treatment, yet
these agents are primarily utilized in the recurrent or metastatic
setting [26-28]. Comparison with EGFR-targeted therapy, such
as cetuximab, UFT holds a more established role in maintenance
therapy. The RTOG 0234 phase II trial demonstrated survival
benefits when cetuximab was combined with postoperative
chemoradiation in high-risk HNSCC, yet no phase III trials have
confirmed its status as a standard maintenance therapy, and its
toxicity (e.g., rash) limits widespread adoption [26]. By com-
parison, the findings of our study suggest that UFT may provide
survival benefits with relatively lower toxicity, although these
results remain to be validated in prospective randomized trials
before its broader clinical utility can be established.

Regarding immune checkpoint inhibitors, their role var-
ies by cancer type. In nasopharyngeal carcinoma (NPC), pro-
grammed cell death protein 1 (PD-1) inhibitors like camreli-
zumab (DIPPER trial) have shown significant benefits in the
maintenance phase post-CCRT, improving 3-year event-free
survival (86.9% vs. 77.4%) and reducing distant metastases,
particularly in high-risk patients (e.g., those with elevated
Epstein-Barr virus (EBV) DNA) [29]. This positions immu-
notherapy as a promising candidate for standard care in NPC,
increasingly integrated into clinical practice. However, in HN-
SCC, evidence remains insufficient to support immunotherapy
as a standard maintenance therapy [28]. The JAVELIN Head
and Neck 100 trial with avelumab failed to improve PFS [30],
and the KEYNOTE-412 trial has yet to demonstrate over-
whelming benefits [28], suggesting further research is needed
to clarify its role. Their application in HNSCC maintenance
may also be limited by cost considerations and potential auto-
immune toxicities in disease-free patients. Our findings sug-
gest that UFT provides an immediately implementable mainte-
nance strategy that bridges the therapeutic gap.

Implementation should consider patient selection criteria,
optimal dosing strategies, and treatment duration. While the
included studies employed varying protocols, most utilized
UFT 300 - 400 mg daily divided into two doses for approxi-
mately 1 year. In addition, UFT with a reduced toxicity profile
may be suitable for long-term maintenance therapy in the el-
derly and frail patients [31]. Therefore, the favorable toxicity
profile allows for individualized dose modifications based on
patient tolerability, ensuring treatment can be tailored to opti-
mize both efficacy and quality of life.

Evidence on the safety profile of UFT from observational
studies

In the studies included in our review, UFT appeared to be gen-
erally well tolerated. Huang et al reported no significant dif-

ference in adverse effects between UFT and non-UFT groups
among patients with non-distant-metastatic stage [V oral cavity
cancer, with oral UFT showing no grade 4 or 5 toxicities [19].
Huang et al observed that the most common adverse event was
macrocytic anemia, while most toxicities were mild, infre-
quent, and typically manageable with dose reduction [20]. Yeh
et al found that UFT-related toxicities were limited to grade
1-2 events with an overall prevalence of 17.7% [22]. Hsieh et
al similarly indicated that adverse effects were generally mild,
with no grade 4-5 toxicities, treatment-related deaths, severe
hepatic dysfunction, or bone marrow suppression [9]. Overall,
these findings suggest that UFT may be associated with a man-
ageable safety profile, although the current evidence is limited
and primarily based on observational studies.

Future research directions

Several important questions remain to be addressed through
future research. The identification of predictive biomarkers
could enable more precise patient selection for UFT main-
tenance therapy, potentially enhancing therapeutic efficacy
while minimizing unnecessary treatment exposure. Combina-
tion strategies incorporating UFT with targeted therapies or
immunotherapeutic agents warrant investigation, particularly
given the complementary mechanisms of action these ap-
proaches might provide.

The optimal duration of UFT maintenance therapy requires
further study, as does the potential for treatment breaks or dose
de-escalation strategies in patients achieving sustained disease
control. Future studies should incorporate robust assessments
of quality of life and patient-reported outcomes to ensure that
survival benefits translate into meaningful improvements in
patient well-being, alongside systematic monitoring of treat-
ment adherence.

Strengths and limitations

This meta-analysis has several notable strengths. We conduct-
ed a comprehensive search strategy across multiple databases
and followed rigorous systematic review methodology with
PRISMA guidelines. The inclusion of TSA provides additional
statistical rigor and helps address concerns about random er-
rors due to sparse data. Our sensitivity analyses demonstrated
the robustness of findings, with no single study disproportion-
ately influencing the overall results.

However, several limitations must be acknowledged. All
included studies were observational cohort studies rather than
randomized controlled trials, introducing potential confound-
ing bias despite multivariable adjustments employed by indi-
vidual studies. The non-randomized allocation to UFT main-
tenance therapy was largely based on physician discretion,
which may have resulted in selection bias favoring patients
with better prognosis or performance status for treatment al-
location. Heterogeneity in UFT dosing regimens, treatment
duration, and follow-up protocols across studies may have in-
fluenced the observed treatment effects.
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The relatively small number of included studies precluded
formal assessment of publication bias using statistical meth-
ods, though the consistent direction of effect across all studies
reduces this concern. Additionally, the observational nature of
included studies limits our ability to establish definitive causal
relationships between UFT maintenance therapy and improved
outcomes, though the consistency and magnitude of observed
benefits provide compelling evidence for therapeutic efficacy.

All included studies were conducted in East Asia, primar-
ily in Taiwan and Japan, which may limit the generalizability
of the findings to other populations and clinical practice set-
tings. UFT, originally developed by Japanese pharmaceutical
companies, has been more widely used in Asia but is not rou-
tinely available or approved in many Western countries. These
geographic and regulatory differences may partly account
for the limited number of UFT-based trials outside East Asia.
Therefore, the external validity of the current findings remains
uncertain, and further studies in more diverse populations are
needed to confirm their applicability.

Furthermore, crucial data for evaluating a maintenance
therapy were not systematically reported across the included
studies. Key metrics such as median follow-up durations, pa-
tient-reported quality of life outcomes, and detailed treatment
adherence rates were either unavailable or inconsistently docu-
mented, limiting our ability to conduct a more granular analy-
sis and to form a complete picture of the treatment burden.

Conclusions

This systematic review and meta-analysis suggest that UFT
maintenance therapy may offer survival benefits for patients
with non-metastatic HNSCC following curative-intent treat-
ment. Pooled analyses indicate a potential improvement in
PFS and OS compared to observation, although TSA shows
that firm conclusions - particularly for OS - remain uncertain.
While the consistent trends across studies, together with UFT’s
favorable toxicity profile, oral administration route, and rela-
tive affordability, make it an attractive option, the current evi-
dence is limited by the observational nature and methodologi-
cal constraints of available studies. Therefore, UFT should be
regarded as a promising but not yet established approach, and
prospective randomized controlled trials are needed to confirm
these findings, refine patient selection, and determine optimal
dosing and treatment duration.
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