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Abstract: To evaluate whether adjuvant concurrent chemoradiotherapy (CCRT) improves overall survival (OS) and
recurrence-free survival (RFS) compared with radiotherapy alone in patients with advanced-stage, high-risk endo-
metrial cancer. This single-center retrospective cohort study included 218 patients (97 radiotherapy alone, 121
CCRT). Demographic, clinicopathological, and molecular data were collected. Baseline serum CA125 levels were
measured. Treatment completion, adverse events (CTCAE v5.0), recurrence patterns, 0OS, and RFS were evaluated.
Multivariate Cox regression was performed to identify independent prognostic factors. Locoregional recurrence was
significantly lower in the CCRT group (8.26% vs. 17.53%, P=0.039), but the overall recurrence rate did not differ sig-
nificantly between groups (21.49% vs. 26.8%, P=0.360). Grade >3 adverse events (52.89% vs. 36.08%, P=0.013)
and neutropenia (26.45% vs. 7.22%, P<0.001) were more common in the CCRT group. Kaplan-Meier analysis with
log-rank test showed that the CCRT group had significantly better OS than the radiotherapy-alone group (P=0.010)
and significantly better RFS (P=0.009). Multivariate analysis identified CCRT as an independent protective factor for
0S (HR=0.71, 95% CI 0.53-0.95, P=0.021), while FIGO stage llIC (HR=2.12), non-endometrioid histology (HR=1.92),
grade 3 tumors (HR=1.78), and abnormal p53 expression (HR=4.34) were independent adverse prognostic factors
(all P<0.05). Adjuvant CCRT was significantly associated with improved 5-year OS and RFS compared with radio-
therapy alone, albeit with higher toxicity.
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Introduction for those at high risk of recurrence. External-

beam radiotherapy (EBRT) targets the tumor
Endometrial cancer is one of the most common bed and regional lymph nodes to eradicate
gynecologic malignancies, with its incidence residual microscopic disease and reduce lo-
rising globally. Advanced-stage, high-risk endo- coregional recurrence risk. Vaginal brachyther-

metrial cancer, characterized by higher stages
and more aggressive histological subtypes,
poses significant treatment challenges and
worsens patient outcomes [1-3]. Despite ad-
vancements in surgical techniques and adju-
vant therapies, the prognosis for these patients
remains poor, necessitating a deeper explora-
tion of effective treatment modalities [4, 5].

apy (VBT) is often added to improve local con-
trol by delivering high radiation doses directly to
the vaginal cuff, the most common site of recur-
rence [6, 7]. While EBRT and VBT have demon-
strated effectiveness in controlling local dis-
ease, their impact on distant metastasis and
overall survival remains limited. Radiotherapy
alone may not adequately address systemic
Radiotherapy has long been a cornerstone of spread, potentially leading to distant metasta-
endometrial cancer management, particularly ses and poorer long-term outcomes [8, 9.
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Therefore, there is a need for more comprehen-
sive treatment strategies that combine local
and systemic therapies to improve patient sur-
vival and quality of life.

CCRT is an innovative approach that combines
chemotherapy with radiotherapy to enhance
therapeutic efficacy both locally and systemi-
cally. In CCRT, cisplatin-based chemotherapy is
administered concurrently with EBRT, followed
by adjuvant carboplatin-paclitaxel chemothe-
rapy. This combination is based on the syner-
gistic effects of chemotherapy and radiation.
Chemotherapeutic agents such as cisplatin act
as radiosensitizers, increasing the vulnerability
of cancer cells to radiation-induced damage.
This dual action aims to achieve better eradica-
tion of residual microscopic disease within the
pelvic region while also targeting potential dis-
tant metastatic sites through systemic chemo-
therapy [10-12]. Combining chemotherapy with
radiotherapy may also stimulate an anti-tumor
immune response, potentially improving long-
term outcomes. Although CCRT is promising, it
is associated with increased toxicity compared
with radiotherapy alone, necessitating careful
patient selection and effective supportive care
(13, 14].

The choice between radiotherapy alone and
CCRT depends on multiple factors, including
patient performance status, comorbidity pro-
file, and physician discretion. In real-world clini-
cal practice, treatment decisions are typically
made by a multidisciplinary team of gynecolog-
ic, radiation, and medical oncologists to tailor
treatment plans to individual needs. However,
the optimal adjuvant treatment strategy for ad-
vanced high-risk endometrial cancer remains
controversial due to the lack of definitive evi-
dence from large-scale randomized controlled
trials. This study aims to add to the existing evi-
dence by comparing CCRT versus radiotherapy
alone on survival outcomes in a single-center
retrospective cohort. This study focuses on
evaluating the impact of two primary adjuvant
treatment approaches - radiotherapy alone and
CCRT - on overall survival and recurrence-free
survival in patients with advanced high-risk
endometrial cancer.

Methods
Ethical approval and study protocol

This single-center retrospective cohort study
was conducted at Shanghai First People’s
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Hospital Jiuquan Hospital (Jiuquan People’s
Hospital), after approval by the Medical Ethics
Committee of Shanghai First People’s Hospital
Jiuguan Hospital (Jiuguan People’s Hospital)
(Approval Number: 20260706038). All proce-
dures were performed in accordance with the
ethical standards of the institutional research
committee and with the 1964 Helsinki declara-
tion and its later amendments. Given the retro-
spective nature of the study and the use of ano-
nymized clinical data, the requirement for
written informed consent from individual
patients was waived by the IRB. Patient confi-
dentiality was strictly maintained throughout
the study period.

Patient selection and eligibility criteria

All consecutive patients with histologically
confirmed endometrial cancer who underwent
comprehensive surgical staging at our institu-
tion between January 2014 and December
2020 were screened for inclusion. Surgical
staging included total hysterectomy, bilateral
salpingo-oophorectomy, and systematic pelvic
and para-aortic lymphadenectomy, performed
by experienced gynecologic oncologists.

Inclusion criteria: (1) histologically confirmed
endometrial cancer with International Fede-
ration of Gynecology and Obstetrics (FIGO)
20009 [15] stage lll or IVA disease; (2) high-risk
features according to the European Society of
Gynecological Oncology/European Society for
Radiotherapy and Oncology/European Society
of Pathology (ESGO-ESTRO-ESP) consensus
guidelines [16], including deep myometrial in-
vasion (=50%), lymphovascular space invasion
(LVSI), grade 3 endometrioid histology, or non-
endometrioid histotypes (serous, clear cell, car-
cinosarcoma); (3) receipt of adjuvant therapy
at our institution; and (4) availability of com-
plete clinical and pathological records and
5-year follow-up data.

Exclusion criteria: (1) prior pelvic or abdominal
radiotherapy for any malignancy; (2) presence
of synchronous or metachronous other malig-
nancies (except non-melanoma skin cancer or
carcinoma in situ of the cervix); (3) incomplete
medical records or loss to follow-up within the
first 12 months after surgery; (4) receipt of neo-
adjuvant chemotherapy or radiotherapy before
surgical staging; (5) FIGO stage IVB disease or
distant metastases at presentation; and (6)
receipt of adjuvant hormonal therapy alone
without chemotherapy or radiotherapy.
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Adjuvant treatment regimens

Patients were categorized into two groups
according to the adjuvant treatment received
after complete surgical staging. Treatment as-
signment was not randomized and was based
on patient preference, physician discretion,
performance status, and comorbidity profile,
consistent with real-world clinical practice in a
retrospective cohort design. All treatment de-
cisions were made by a multidisciplinary tu-
mor board that included gynecologic oncolo-
gists, radiation oncologists, and medical onco-
logists.

Radiotherapy-alone group: Patients who re-
ceived pelvic EBRT with or without VBT and no
systemic chemotherapy were assigned to the
radiotherapy-alone group. EBRT was delivered
using a linear accelerator (Synergy®, Elekta AB,
Stockholm, Sweden) with computed tomogra-
phy (CT)-based three-dimensional conformal
radiotherapy or intensity-modulated radiother-
apy (IMRT). The planning target volume in-
cluded the vaginal cuff, parametria, presacral
region, and pelvic lymph node regions (external
and internal iliac, obturator, and common iliac
nodes). For patients with histologically con-
firmed common iliac or para-aortic lymph node
involvement, the radiation field was extended
to cover the para-aortic region up to the renal
vessels. The prescribed total dose was 45 Gy
in 1.8-Gy fractions, delivered once daily, five
days per week, for 5-6 weeks. For patients with
close (<5 mm) or involved surgical margins, a
sequential EBRT boost of 5.4 Gy in three frac-
tions was delivered to the vaginal cuff. VBT was
delivered at the discretion of the treating radia-
tion oncologist, typically for patients with cervi-
cal stromal invasion, deep myometrial inva-
sion, or high-grade histology. VBT was adminis-
tered using a high-dose-rate remote afterloa-
ding system (MicroSelectron HDR, Nucletron
B.V., Veenendaal, the Netherlands), with a dose
of 7 Gy prescribed to 5 mm depth of the vaginal
cuff, delivered in three fractions at weekly in-
tervals. No patient in this group received any
cycles of systemic chemotherapy.

Concurrent chemoradiotherapy group: Patients
who received cisplatin-based CCRT followed by
adjuvant carboplatin-paclitaxel chemotherapy
were assigned to the CCRT group. The concur-
rent phase comprised two cycles of intraven-
ous cisplatin (50 mg/m?) on days 1 and 29 of

4511

radiotherapy. Each cisplatin dose was pre-
ceded and followed by adequate intravenous
hydration (=1 L of normal saline with 20 mEq of
KCl and 2 g of gS0O,) and prophylactic antie-
metics (5-HT, antagonist and dexamethasone).
Radiotherapy was delivered concurrently using
the same protocol as in the radiotherapy-alone
group, with the same total dose and fraction-
ation schedule (45 Gy in 1.8 Gy fractions). For
patients with cervical stromal invasion or in-
volved surgical margins, the same EBRT boost
or VBT was added at the discretion of the treat-
ing radiation oncologist.

After completion of concurrent chemoradio-
therapy, patients proceeded to the adjuvant
chemotherapy phase, which consisted of four
to six cycles of carboplatin and paclitaxel
administered intravenously every three weeks.
Each cycle of chemotherapy was delivered as
follows: paclitaxel 175 mg/m? was infused over
three hours, followed by carboplatin with an
area under the curve (AUC) of 5 to 6 (calculat-
ed using the Calvert formula with a target AUC
of 5 for patients with a glomerular filtration rate
<60 mL/min or AUC of 6 for patients with nor-
mal renal function) infused over 30 to 60 min-
utes. Premedication for paclitaxel included
dexamethasone (20 mg intravenously), diphen-
hydramine (50 mg intravenously), and an H2-
receptor antagonist (ranitidine 50 mg intrave-
nously) administered 30 to 60 minutes before
paclitaxel infusion. Filgrastim (granulocyte col-
ony-stimulating factor, 5 yg/kg once daily for
five days) was administered at the discretion
of the treating medical oncologist for patients
with documented neutropenia or at high risk of
febrile neutropenia. Chemotherapy cycles were
delayed for up to two weeks if recovery from
adverse events was incomplete; dose reduc-
tions were performed according to standard
protocols for grade 3 or higher hematologic or
non-hematologic toxicities.

Data collection and clinicopathological vari-
ables

Demographic and clinicopathological data were
extracted from electronic medical records. Tu-
mor characteristics were obtained from pathol-
ogy reports following surgical staging. Tumor
grade according to the International Federation
of Gynecology and Obstetrics grading system
for endometrioid tumors; non-endometrioid
histotypes were classified as grade 3 for analy-

Am J Cancer Res 2026;16(10):4509-4521



Progression-free and overall survival analysis

sis. Depth of myometrial invasion was cate-
gorized as <50% or =250% of the myometrial
thickness. Adnexal involvement was defined as
tumor involvement of the fallopian tube or
ovary. Blood samples were collected within one
week prior to surgery (baseline). Serum CA125
levels were measured using a chemilumines-
cent immunoassay (CLIA) on an automated
analyzer (Architect i2000SR, Abbott Diagno-
stics, Abbott Park, IL, USA) with a commercial
kit (Abbott Diagnostics).

Immunohistochemical analysis of p53 and
mismatch repair proteins

Formalin-fixed, paraffin-embedded (FFPE) tu-
mor tissue sections from the primary tumor
were retrieved for all patients. Immunohisto-
chemistry (IHC) was performed to assess p53
expression and mismatch repair (MMR) protein
status (MLH1, PMS2, MSH2, and MSH®6) using
standard automated IHC systems in the De-
partment of Pathology. A mouse monoclonal
anti-p53 antibody (clone DO-7, DakoCytoma-
tion, Glostrup, Denmark) was used. MMR pro-
tein expression was assessed using mouse
monoclonal antibodies against MLH1 (clone
ES05, Dako), PMS2 (clone EP51, Dako), MSH2
(clone FE11, Dako), and MSH6 (clone EP49,
Dako). p53 expression was classified as wild-
type (normal) if <10% of tumor cell nuclei
showed weak-to-moderate staining, or as
abnormal (overexpression or null) if >70%
showed intense uniform staining or complete
absence of nuclear staining with positive in-
ternal controls. MMR proficiency (pPMMR) was
defined as preserved nuclear staining for all
four MMR proteins, while MMR deficiency
(dMMR) was defined as complete loss of nu-
clear staining for at least one MMR protein,
confirmed by the presence of positive internal
controls (stromal cells and lymphocytes) with-
in the same section. All IHC slides were evalu-
ated independently by two dedicated gyneco-
logic pathologists blinded to clinical outcome
data, and discordant cases were resolved by
CONSENSUS review.

Treatment completion and toxicity assessment

Treatment completion was defined per the
planned treatment regimen. For the radiothe-
rapy-alone group, completion of prescribed ra-
diotherapy fractions was recorded as the per-
centage of patients who received the full pre-
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scribed 45-Gy dose with all fractions delivered.
For the CCRT group, completion was record-
ed as the number and percentage of patients
who received all six planned carboplatin-pacli-
taxel cycles without permanent discontinua-
tion. Reasons for discontinuation of chemo-
therapy, including toxicity, patient refusal, di-
sease progression, or other clinical reasons,
were recorded from medical notes.

Acute treatment-related adverse events were
documented from clinical records during treat-
ment and up to 30 days after adjuvant therapy
completion. Toxicities were graded according to
the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0. Hematologic toxici-
ties assessed included neutropenia (absolute
neutrophil count <1.0 x 10°%/L for grade 3, <0.5
x 109/L for grade 4), thrombocytopenia (plate-
let count <50.0 x 10°%/L for grade 3, <25.0 x
10°%/L for grade 4), and anemia (hemoglobin
<80 g/L for grade 3, <65 g/L for grade 4).
Complete blood counts were obtained at base-
line before each chemotherapy cycle and re-
peated weekly or as clinically indicated. Non-
hematologic toxicities assessed included gas-
trointestinal toxicity (nausea, vomiting, diarrhea
rated according to CTCAE grade >3 criteria,
defined as requiring hospitalization for man-
agement of symptoms, severe impairment of
oral intake or hydration, or more than seven
episodes of diarrhea per day above baseline),
neuropathy (sensory or motor neuropathy grade
>3, defined as severe symptoms limiting self-
care activities of daily living), and fatigue (gra-
de >3, defined as severe fatigue limiting self-
care activities of daily living). All adverse events
were recorded as the highest grade observed
during the treatment period for each patient.

Follow-up and outcome assessment

The primary endpoints were overall survival
(0S) and recurrence-free survival (RFS). OS was
defined as the interval from the date of surgery
to death of any cause or last known follow-up.
RFS was defined as the interval from surgery to
first documented disease recurrence (locore-
gional or distant) or death from any cause,
whichever occurred first. The interval from sur-
gery to the start of adjuvant treatment was cal-
culated for each patient and compared between
the two groups. Patients who were alive and
free of recurrence at the end of the study peri-
od were censored on the date of their last
follow-up.
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Follow-up data were obtained from outpatient
clinic records, imaging reports, and telephone
interviews. After completion of adjuvant thera-
py, all patients were scheduled for routine fol-
low-up examinations according to institutional
guidelines. Follow-up visits were scheduled
every three months for the first two years, every
six months for years three to five. At each fol-
low-up visit, patients underwent a complete
physical examination including pelvic examina-
tion. Imaging studies included pelvic ultra-
sound or computed tomography (CT) of the
chest, abdomen, and pelvis performed every
six months for the first two years and annually
thereafter, or as clinically indicated based on
symptoms or physical examination findings.
Suspected disease recurrence was confirmed
by imaging (CT, magnetic resonance imaging
[MRI], or positron emission tomography [PET]-
CT) and, when feasible, by histopathological
biopsy of the suspected lesion. Disease recur-
rence was classified as locoregional (vaginal
recurrence, pelvic recurrence including central
pelvis and pelvic sidewall, or para-aortic lymph
node recurrence) or distant metastasis (intra-
abdominal spread outside the pelvis, lung, liver,
bone, brain, or other extra-abdominal sites).
Patients with both locoregional and distant
recurrence were recorded in both categories
for pattern of recurrence analysis. Any recur-
rence was defined as the first documented
recurrence event; patients who developed si-
multaneous locoregional and distant recur-
rence at the time of first recurrence were
recorded as a separate “simultaneous recur-
rence” category.

Statistical analysis

All statistical analyses were performed using
SPSS version 29.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were tested for nor-
mality using the Shapiro-Wilk test. All continu-
ous variables were normally distributed and are
expressed as mean + standard deviation (SD);
between-group comparisons were performed
using the independent-samples t-test. Cate-
gorical variables are expressed as frequencies
and percentages and were compared between
the two groups using the chi-square (x?) test
or Fisher’s exact test, as appropriate (Fisher’s
exact test was applied when any expected cell
frequency was less than 5). All statistical tests
were two-tailed, and a P value <0.05 was con-
sidered statistically significant. No adjustment
for multiple comparisons was performed, as
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the analyses were primarily descriptive and
confirmatory.

Kaplan-Meier curves were constructed to esti-
mate OS and RFS distributions for the two
treatment groups, and differences in survival
distributions were compared using the two-
sided log-rank test. Median follow-up duration
was calculated using the reverse Kaplan-Meier
method. Multivariate Cox proportional hazards
regression analysis was performed to identify
independent prognostic factors for 0S. Vari-
ables with P<0.10 in univariate analysis were
entered into the multivariate model using a for-
ward stepwise selection method. The propor-
tional hazards assumption was verified by test-
ing the scaled Schoenfeld residuals, and no
violation was detected. Hazard ratios (HRS)
with 95% confidence intervals (Cls) were report-
ed for each variable.

Results
Patient characteristics

No significant between-group differences were
observed for any baseline demographic or clini-
cal variables (all P>0.05; Table 1). The two
groups were well balanced with respect to age,
body mass index, menopausal status, smoking
history, hypertension, diabetes mellitus, prior
abdominal surgery history, and baseline CA125
level.

Tumor characteristics

All tumor characteristics and pathologic pa-
rameters were comparable between the two
groups, with no statistically significant differ-
ences in FIGO stage, histological type, tumor
grade, depth of myometrial invasion, lympho-
vascular space invasion, cervical stromal inva-
sion, adnexal involvement, or number of posi-
tive lymph nodes (all P>0.05, Table 2).

Molecular classification

The distribution of p53 expression and mis-
match repair protein status did not differ signifi-
cantly between the radiotherapy-alone group
and the concurrent chemoradiotherapy group
(P>0.05 for both comparisons, Table 3).

Treatment-related variables

Completion rates of prescribed radiotherapy
were similarly high in both groups (96.91% vs.
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Table 1. Baseline demographic and clinical characteristics

Radiotherapy-alone

Concurrent Chemoradiotherapy

Parameter Group (n=97) Group (n=121) vxe P
Age (years) 57.98 + 10.45 58.43 £9.92 0.323 0.747
BMI (kg/m?) 26.52 + 3.28 26.78 £ 3.41 0.567 0.571
Menopausal status (Premenopausal/Postmenopausal), n (%) 18 (18.56%)/79 (81.44%) 20 (16.53%)/101 (83.47%) 0.154 0.695
Smoking history (Ever smoker/Never smoker), n (%) 10 (10.31%)/87 (89.69%) 11 (9.09%)/110 (90.91%) 0.092 0.762
Hypertension (Yes/No), n (%) 39 (40.21%)/58 (59.79%) 45 (37.19%)/76 (62.81%) 0.207 0.649
Diabetes mellitus (Yes/No), n (%) 26 (26.8%)/71 (73.2%) 29 (23.97%)/92 (76.03%) 0.230 0.632
Prior abdominal surgery history (Yes/No), n (%) 29 (29.9%)/68 (70.1%) 31 (25.62%)/90 (74.38%) 0.494 0.482
Baseline CA125 (U/mL) 38.26 + 18.43 36.91 + 17.05 0.560 0.576
BMI, body mass index; CA125, cancer antigen 125.
Table 2. Tumor characteristics and pathologic parameters
Parameter Radiotherapy-alone Concurrent Chemoradiotherapy ¥ p
Group (n=97) Group (n=121)

FIGO stage, n (%) 0.229 0.892

1A 22 (22.68%) 30 (24.79%)

1B 15 (15.46%) 20 (16.53%)

nc 60 (61.86%) 71 (58.68%)
Histological type, n (%) 0.334 0.953

Endometrioid 56 (57.73%) 73 (60.33%)

Serous 23 (23.71%) 29 (23.97%)

Clear cell 12 (12.37%) 13 (10.74%)

Carcinosarcoma 6 (6.19%) 6 (4.96%)
Tumor grade, n (%) 0.120 0.942

Grade 1 6 (6.19%) 8 (6.61%)

Grade 2 26 (26.8%) 30 (24.79%)

Grade 3 65 (67.01%) 83 (68.6%)
Depth of myometrial invasion (<50%/250%), n (%) 27 (27.84%)/70 (72.16%) 33 (27.27%)/88 (72.73%) 0.009 0.926
LVSI (Absent/Present), n (%) 39 (40.21%)/58 (59.79%) 54 (44.63%)/67 (55.37%) 0.430 0.512
Cervical stromal invasion (Yes/No), n (%) 36 (37.11%)/61 (62.89%) 41 (33.88%)/80 (66.12%) 0.246 0.620
Adnexal involvement (Yes/No), n (%) 26 (26.8%)/71 (73.2%) 29 (23.97%)/92 (76.03%) 0.230 0.632
Number of positive lymph nodes, n (%) 0.308 0.857

0 31 (31.96%) 42 (34.71%)

1-2 45 (46.39%) 56 (46.28%)

>3 21 (21.65%) 23(19.01%)

FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion.

95.87%, P=0.966), and the proportion of
patients receiving vaginal brachytherapy did
not differ significantly (37.11% vs. 32.23%,
P=0.451; Table 4). n the CCRT group, 86
patients (71.07%) completed all six prescribed
chemotherapy cycles. The remaining 35 pa-
tients (28.93%) discontinued prematurely due
to toxicity (n=16, 13.22%), disease progression
(n=8, 6.61%), patient refusal (n=7, 5.79%), or
other clinical reasons (n=4, 3.31%). The 5-year
OS rate was 86.05% for completers versus
71.43% for non-completers (P=0.068); the cor-
responding 5-year RFS rates were 83.72% and
65.71% (P=0.041).
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The median interval from surgery to the start of
adjuvant treatment was 5.2 weeks (IQR: 4.1-
6.3 weeks) in the radiotherapy-alone group and
5.4 weeks (IQR: 4.3-6.5 weeks) in the CCRT
group, with no significant difference between
the two groups (P=0.412).

Five-year survival outcomes

Kaplan-Meier analysis with the log-rank test
showed that the CCRT group had significantly
better OS (P=0.010) and RFS (P=0.009) than
the radiotherapy-alone group (Figure 1). The
median follow-up duration for the entire cohort
was 60.2 months: 59.8 months for the radio-
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Table 3. Molecular classification by immunohistochemistry

Radiotherapy-alone

Concurrent Chemoradiotherapy ¥

Parameter Group (n=97) Group (n=121) P
p53 expression, n (%) 0.288 0.866
Wild-type (normal) 57 (58.76%) 75 (61.98%)
Abnormal (overexpression/null) 19 (19.59%) 23 (19.01%)
Not tested/indeterminate 21 (21.65%) 23 (19.01%)
MMR status, n (%) 0.233 0.890
Proficient (p)MMR) 55 (56.7%) 71 (58.68%)
Deficient (AIMMR) 21 (21.65%) 23 (19.01%)
Not tested/indeterminate 21 (21.65%) 27 (22.31%)
MMR, mismatch repair; pMMR, mismatch repair proficient; AIMMR, mismatch repair deficient.
Table 4. Treatment details and completion rates
Parameter Ra(éifézzrzanpzéa;?ne Concurrznrtotjgi:‘]n:lrz;dli)otherapy @ p
Radiotherapy completion (Yes/No), n (%) 94 (96.91%)/3 (3.09%) 116 (95.87%)/5 (4.13%) 0.002 0.966
Vaginal brachytherapy (Yes/No), n (%) 36 (37.11%)/61 (62.89%) 39 (32.23%)/82 (67.77%) 0.569 0.451
Completion of all six prescribed chemotherapy cycles, n (%) 86 (71.07%) / /

therapy-alone group and 60.5 months for the
CCRT group. This is consistent with the study’s
inclusion criterion requiring at least 5 years of
follow-up data for all patients.

Patterns of recurrence

Although the overall recurrence rate did not
differ significantly between groups (P=0.360),
locoregional recurrence was significantly less
frequent in the CCRT group (8.26% vs. 17.53%,
¥x?=4.256, P=0.039; Table 5). Distant meta-
stasis rates were similar between the groups
(24.74% vs. 21.49%, P=0.570). The sum of
locoregional and distant recurrence rates ex-
ceeds the “any recurrence” rate because 15
patients (15.46%) in the radiotherapy-alone
group and 10 (8.26%) in the CCRT group had
simultaneous locoregional and distant recur-
rence at first documented recurrence.

Treatment-related toxicity

Patients in the CCRT group had a significantly
higher incidence of grade >3 adverse event
than those in the radiotherapy-alone group
(52.89% vs. 36.08%, x?=6.137, P=0.013; Table
6). Neutropenia (grade 3-4) was markedly more
common in the CCRT group (26.45% vs. 7.22%,
x?=13.553, P<0.001). No significant differenc-
es were observed for thrombocytopenia, ane-
mia, gastrointestinal toxicity, neuropathy, or
fatigue (all P>0.05).
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Of the 35 patients in the CCRT group who did
not complete all six planned chemotherapy
cycles, 16 patients (13.22% of the CCRT group)
discontinued specifically because of treatment-
related toxicity. The most common toxicity lead-
ing to discontinuation was grade 4 neutropenia
(n=7), followed by persistent grade 3 gastroin-
testinal toxicity (n=5) and grade 3 neuropathy
(n=4).

Multivariate Cox regression analysis

For multivariate Cox regression analysis, vari-
ables were selected based on statistical crite-
ria and clinical importance. Variables meeting
the prespecified entry criterion (P<0.10) in uni-
variate analysis and entered into the final multi-
variate model included: treatment group (CCRT
vs. radiotherapy alone), FIGO stage (IlIB and IlIC
vs. IlIA), histological type (hon-endometrioid vs.
endometrioid), tumor grade (grade 3 vs. grade
1-2), and p53 status (@abnormal vs. wild-type). In
addition, clinically well-established prognostic
factors - including age (>60 vs. <60 years), LVSI
status (present vs. absent), and MMR status
(dMMR vs. pMMR) - were forced into the model
a priori to adjust for potential confounding,
regardless of their univariate P values. Baseline
serum CA125 level (as a continuous variable)
did not meet the univariate entry criterion and
was not entered into the multivariate model.
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Figure 1. Kaplan-Meier curves for overall survival (A) and recurrence-free survival (B), stratified by radiotherapy alone
versus concurrent chemoradiotherapy. P values were from two-sided log-rank tests (OS: P=0.010; RFS: P=0.009).

Multivariate Cox regression analysis identified with FIGO stage llIA, stage IlIC was indepen-
concurrent chemoradiotherapy as an indepen- dently associated with worse 0S (HR=2.27,
dent protective factor for overall survival com- 95% CI 1.35-3.81, P=0.002), while stage IIIB
pared with radiotherapy alone (HR=0.71, 95% did not show a statistically significant differ-
Cl 0.53-0.95, P=0.021, Table 7). Compared ence (HR=1.51, 95% Cl 0.72-3.16, P=0.274).
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Table 5. Patterns of disease recurrence

Radiotherapy-alone Concurrent Chemoradiotherapy

Parameter Group (n=97) Group (n=121) X P
Any recurrence, n (%) 26 (26.8%) 26 (21.49%) 0.838 0.360
Locoregional recurrence, n (%) 17 (17.53%) 10 (8.26%) 4.256 0.039
Pelvic recurrence 11 6
Vaginal recurrence 6 4
Distant metastasis, n (%) 24 (24.74%) 26 (21.49%) 0.323 0.570
Table 6. Grade 3 or higher treatment-related adverse events
Radiotherapy-alon ncurrent Chemoradiother

Parameter A S
Any grade >3 adverse event, n (%) 35 (36.08%) 64 (52.89%) 6.137 0.013
Neutropenia (grade 3-4), n (%) 7 (7.22%) 32 (26.45%) 13.553 <0.001
Thrombocytopenia (grade 3-4), n (%) 3 (3.09%) 11 (9.09%) 3.223 0.073
Anemia (grade 3-4), n (%) 5 (5.15%) 10 (8.26%) 0.813 0.367
Gastrointestinal toxicity (grade >3), n (%) 11 (11.34%) 24 (19.83%) 2.883 0.090
Neuropathy (grade >3), n (%) 2 (2.06%) 6 (4.96%) 0.590 0.442
Fatigue (grade 23), n (%) 5 (5.15%) 13 (10.74%) 2.220 0.136
Table 7. Multivariate Cox regression analysis of factors associated with overall survival
Parameter Category HR (95% CI) P
Treatment group Concurrent chemoradiotherapy vs. radiotherapy alone 0.71 (0.53-0.95) 0.021
FIGO stage B vs. IlIA 1.51 (0.72-3.16) 0.274

IC vs. 1A 2.27 (1.35-3.81) 0.002
Histological type Non-endometrioid vs. endometrioid 1.92 (1.15-3.21) 0.013
Tumor grade Grade 3 vs. Grade 1-2 1.78 (1.03-3.08) 0.040
p53 status Abnormal vs. wild-type 4.34 (2.85-6.62) <0.001
MMR status dMMR vs. pMMR 1.45 (0.91-2.31) 0.119
Age >60 vs. <60 years 1.35(0.84-2.17) 0.213
LVSI Present vs. absent 1.44 (0.91-2.28) 0.122

HR, hazard ratio; Cl, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular
space invasion; MMR, mismatch repair.

Non-endometrioid histology (HR=1.92, 95% CI
1.15-3.21, P=0.013), grade 3 tumors (HR=
1.78, 95% Cl 1.03-3.08, P=0.040), and abnor-
mal p53 expression (HR=4.34, 95% Cl 2.85-
6.62, P<0.001) were independently associated
with worse overall survival. MMR status, age,
and LVSI showed no independent prognostic
value (all P>0.05). In the univariate Cox regres-
sion analysis, baseline serum CA125 level (as a
continuous variable) did not meet the prespeci-
fied entry criterion (P<0.10) and was therefore
not entered into the multivariate model.

Discussion

Advanced-stage, high-risk endometrial cancer
poses significant challenges in terms of treat-
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ment and survival outcomes. This study aimed
to evaluate the impact of adjuvant CCRT com-
pared to radiotherapy alone on overall survival
and recurrence-free survival in patients with
advanced-stage endometrial cancer. The find-
ings indicate a positive association between
CCRT and improved long-term outcomes in this
patient cohort, although it is associated with
higher rates of adverse events.

Baseline characteristics were well balanced
between the groups, ensuring comparability.
This balance suggests that observed differenc-
es are likely attributable to the treatment rather
than to pre-existing patient factors. Both groups
had similar demographic and clinical profiles,
including age, BMI, menopausal status, smok-
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ing history, and comorbidities. Similarly, tumor
characteristics such as FIGO stage, histological
type, tumor grade, depth of myometrial inva-
sion, and lymphovascular space invasion did
not differ significantly between the two groups.
These similarities provide a strong foundation
for comparing the effectiveness of the two
treatment approaches.

The 5-year OS and PFS were higher in the
CCRT group compared to the radiotherapy-
alone group. Several mechanisms may explain
these differences. First, adding chemotherapy
to radiotherapy enhances eradication of resi-
dual microscopic disease, reducing local recur-
rence risk. Chemotherapy agents such as cis-
platin hve radiosensitizing properties that in-
crease radiation effectiveness by making can-
cer cells more susceptible to radiation-induced
damage. This combination allows more effec-
tive targeting of primary tumors and microscop-
ic metastases, thereby improving local control
and preventing recurrence. Additionally, sys-
temic chemotherapy targets distant metastatic
sites, preventing cancer spread beyond the pri-
mary tumor. The dual action of local and sys-
temic therapies provided by CCRT may account
for the observed improvement in survival out-
comes [17-19].

Although the subgroup analysis suggested a
potential survival benefit for completing all six
chemotherapy cycles, this comparison should
be interpreted with caution. The observed dif-
ference is susceptible to confounding by prog-
nosis-related factors, as patients who com-
plete the full regimen likely have better base-
line performance status and fewer comorbidi-
ties, which may independently influence out-
comes.

Locoregional recurrence was less frequent in
the CCRT group, indicating that the combined
treatment effectively controls local disease.
This reduction may be attributed to the syner-
gistic effects of chemotherapy and radiothera-
py. Radiation damages cancer cell DNA, while
chemotherapeutic agents disrupt cell division
and repair processes. Together, they create a
more potent anti-tumor effect, leading to better
local control. In contrast, distant metastasis
rates were similar between the groups, sug-
gesting that while CCRT improves local control,
its impact on preventing distant metastases
may be limited. Further research is needed to
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explore whether additional systemic therapies
could further reduce the risk of distant metas-
tases [20-22].

Treatment-related toxicity was higher in the
CCRT group, particularly hematologic adverse
events such as neutropenia. The higher inci-
dence of severe adverse events highlights the
need for careful monitoring and supportive
care during CCRT. Neutropenia, a common che-
motherapy side effect, increases infection risk
and other complications [23-25]. Strategies to
mitigate these risks, such as prophylactic anti-
biotics or growth factor support, should be con-
sidered to ensure patient safety. Specifically,
routine use of prophylactic granulocyte colony-
stimulating factor (G-CSF) during adjuvant che-
motherapy and protocol-driven dose modifica-
tions for grade >3 hematologic toxicities are
practical measures to improve treatment to-
lerability and completion rates. Despite these
challenges, the potential survival benefits of
CCRT must be weighed against the increased
risk of adverse events [26, 27].

Multivariate Cox regression analysis identified
several independent predictors of worse OS,
including FIGO stage IlIC, non-endometrioid
histology, grade 3 tumors, and abnormal p53
expression. These factors highlight the impor-
tance of considering tumor biology and stag-
ing when making treatment decisions. Patients
with these high-risk features may benefit most
from aggressive strategies such as CCRT. For
instance, abnormal p53 expression is associ-
ated with poorer prognosis due to its role in
regulating cell cycle progression and apoptosis.
Targeting this pathway with combined-modality
treatments may help overcome resistance and
improve response rates [28-30]. The particu-
larly strong adverse prognostic impact of ab-
normal p53 expression warrants emphasis.
This finding underscores the aggressive bio-
logy of p53-abnormal tumors, which often have
high genomic instability and rapid disease pro-
gression. Moreover, the overrepresentation of
such molecular alterations in advanced-stage
disease in this cohort may have contributed to
the effect magnitude. Similarly, non-endometri-
oid histologies tend to have more aggressive
behavior, and thus, more intensive treatment
approaches like CCRT may be necessary to
achieve optimal outcomes. The analysis con-
firmed that CCRT is an independent protective
factor for overall survival, reinforcing the poten-
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tial benefits of this approach in selected popu-
lations. Identifying specific patient subgroups
that derive the most benefit from CCRT can
help personalize treatment plans and improve
overall survival.

Despite the promising findings, this study has
several limitations. We acknowledge that the
retrospective design carries an inherent risk of
selection bias. Although we used multivariate
Cox regression to adjust for measured con-
founders, we did not perform propensity score
matching (PSM). Given the relatively limited
sample size (97 in the radiotherapy group and
121 in the CCRT group), 1:1 PSM would have
substantially reduced effective sample size
and statistical power, potentially introducing
new biases. Therefore, residual confounding
by unmeasured variables (e.g., performance
status, detailed comorbidity burden) cannot be
excluded, and our findings should be interpret-
ed as associations rather than causal effects.
The retrospective design introduces inherent
bias, and selection bias cannot be entirely
ruled out because of non-randomized treat-
ment allocation. The single-center design and
limited sample size may restrict the generaliz-
ability of our findings.

Upon re-adjudication, we confirmed that all 22
deaths in the CCRT group occurred in patients
with documented disease recurrence. Although
this observation may initially appear unusual,
it is plausibly explained by the inclusion criteri-
on requiring complete 5-year follow-up data.
This criterion may have systematically excluded
patients who died early from treatment-related
toxicity or intercurrent illness, as they would
lack complete follow-up records. Consequently,
the cohort may have been enriched for patients
who either remained recurrence-free or sur-
vived long enough to recur before death, intro-
ducing survivorship bias. This limitation should
be considered when interpreting the absolute
survival rates, and caution is warranted in
generalizing these findings to unselected real-
world populations with less stringent follow-up
requirements.

Future prospective randomized controlled trials
are needed to validate these preliminary find-
ings and explore the broader implications of
CCRT in advanced-stage, high-risk endometrial
cancer. Larger sample sizes and longer follow-
up periods would provide more robust evidence
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on the long-term efficacy and safety of CCRT.
Further research should also aim to identify
patient subgroups most likely to benefit and
to assess the cost-effectiveness of CCRT in
routine clinical practice. By addressing current
limitations and expanding future research
scope, we aim to refine CCRT application and
ultimately improve care for patient with ad-
vanced-stage, high-risk endometrial cancer.
Enhancing patient-centered care through evi-
dence-based practices remains a priority for
improving the experience and outcomes of
those undergoing treatment for this challenging
disease.

Conclusion

In this retrospective cohort, adjuvant CCRT was
associated with improved OS and RFS com-
pared with radiotherapy alone in patients with
advanced-stage, high-risk endometrial cancer.
The findings indicate that CCRT may enhance
local control and reduce locoregional recur-
rence risk. However, CCRT is associated with
a higher incidence of adverse events, particu-
larly hematologic toxicities, necessitating care-
ful monitoring and supportive care. Although
these results are promising, further prospec-
tive studies are needed to validate these obser-
vations and identify patient subgroups most
likely to benefit. Overall, CCRT holds promise
for improving outcomes in this challenging
patient population, but further research is war-
ranted to fully establish its efficacy and safety.
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