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Abstract
Introduction: Cervical cancer is a common malignancy of the female reproductive 
system. This study retrospectively analyzed cervical cancer patients treated with 
three-dimensional brachytherapy (3D-BT) to evaluate the effects of radiotherapy 
dose, treatment fractions, and combined therapeutic modalities on prognosis.
Objectives: To identify prognostic factors associated with treatment efficacy and 
provide evidence for individualized treatment strategies.
Methods: In this retrospective cohort study, data from cervical cancer patients 
treated with 3D-BT at Tianjin Cancer Hospital and Xiangyang Hospital of Traditional 
Chinese Medicine were collected. Variables included radiotherapy dose, treatment 
fractions, and combined treatment modalities. Kaplan–Meier and Cox regression 
analyses were performed using R and SPSS to identify prognostic factors associated 
with survival outcomes.
Results: Concurrent chemoradiotherapy, targeted therapy plus chemotherapy, 
targeted therapy plus hyperthermia, immunotherapy plus chemotherapy, 
immunotherapy plus hyperthermia, and hyperthermia plus chemotherapy 
were associated with improved progression-free survival (PFS) (all p < 0.001). 
Concurrent chemoradiotherapy (hazard ratio [HR]: 0.436, 95% confidence interval 
[CI]: 0.227–0.839, p = 0.013) and hyperthermia plus chemotherapy (HR: 0.106, 95% 
CI: 0.013–0.837, p = 0.033) were associated with reduced overall survival (OS) risk. 
A total brachytherapy dose > 2,800 cGy (HR: 0.177, 95% CI: 0.041–0.771, p = 0.021) 
and hyperthermia plus chemotherapy (HR: 0.186, 95% CI: 0.055–0.630, p = 0.007) 
were independently associated with improved PFS. More than four brachytherapy 
fractions were also associated with better PFS.
Conclusion: Higher brachytherapy doses (>2,800 cGy) and certain combination 
strategies, particularly concurrent chemoradiotherapy with hyperthermia, were 
associated with improved PFS and OS. However, the absence of key prognostic 
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variables limits interpretation, and prospective studies are required to confirm these 
findings.

Keywords: Cervical cancer; Three-dimensional brachytherapy; Radiotherapy; Prognostic 
correlates; Treatment modalities

1. Introduction
Cervical cancer is a common malignancy of the female 
reproductive system worldwide, especially in developing 
countries, where the incidence and mortality rates remain 
relatively high.1–3 According to statistical data, the global 
annual incidence of cervical cancer is approximately 
600,000 cases, with mortality rates remaining high. The 
incidence of cervical cancer increases significantly with age, 
particularly among women aged 40–60 years.2 In recent 
years, with the advancement of screening technologies 
and vaccination programs4,5, the early diagnosis rate of 
cervical cancer has improved6, and the survival rate of 
patients with early-stage cervical cancer has been steadily 
increasing. However, despite these advancements, most 
cervical cancer patients still present at later stages, and the 
treatment outcomes for these patients remain a significant 
challenge.7,8

Three-dimensional brachytherapy (3D-BT) is a local 
radiation therapy technique that has made significant 
progress in the treatment of cervical cancer in recent 
years.9,10 3D-BT utilizes precise radiation planning 
and dose distribution to maximize tumor dose while 
minimizing radiation damage to surrounding normal 
tissues, significantly enhancing targeting and safety. 
Compared to traditional two-dimensional brachytherapy11, 
3D-BT has shown superior treatment efficacy and control 
of side effects, especially in improving local control rates 
and reducing complications. Currently, 3D-BT has become 
one of the essential treatment modalities for advanced 
cervical cancer patients, including for primary radiation 
therapy, postoperative adjuvant radiation therapy, and the 
treatment of recurrent cervical cancer.12

Despite the significant advantages of 3D-BT in cervical 
cancer treatment, particularly in enhancing tumor local 
control and reducing normal tissue damage, the use of 
3D-BT alone may not achieve optimal therapeutic effects, 
especially in cases where the tumor has invaded surrounding 
or local tissues. As a result, in recent years, combined 
external irradiation (such as volumetric modulated arc 
therapy/intensity-modulated radiation therapy) with 
3D-BT has gradually emerged as an important approach to 
improving treatment outcomes. This combined treatment 

approach can effectively expand the irradiation range of 
the tumor while precisely targeting the tumor site with 
3D-BT, enhancing both the precision and effectiveness 
of the treatment, particularly in locally advanced cervical 
cancer patients. In addition to the combination of external 
irradiation and 3D-BT, other treatment modalities, such 
as targeted therapy, endocrine therapy, thermotherapy, 
and concurrent chemoradiotherapy (CRT), have also 
been widely applied and extensively studied in the clinical 
treatment of cervical cancer.13–17 These therapies work 
synergistically through various mechanisms, further 
improving patient outcomes and providing more options 
for personalized treatment in clinical practice.

This study, based on extensive follow-up clinical data 
from the hospital’s medical records system, draws on 
previous experience.18 By conducting a retrospective 
analysis of the treatment approaches and processes of 
cervical cancer patients, the study aims to assess the impact 
of different treatment strategies on patient prognosis. 
Although the clinical application of 3D-BT has become 
increasingly refined, variations in radiation dose and 
fractionation schedules persist among physicians treating 
patients with various conditions.19,20 How to optimize 
dosage, treatment frequency, and combined therapy 
strategies to maximize patient prognosis21 remains an 
urgent issue that needs to be addressed. Through this 
retrospective analysis of clinical data, we aim to identify 
high-risk factors affecting prognosis and provide evidence 
to improve personalized clinical treatment.

2. Materials and methods

2.1. Study participants

The inclusion criteria for this study are: (i) Patients 
diagnosed with cervical cancer and receiving treatment at 
this hospital; (ii) Patients who have undergone 3D-BT; (iii) 
Patients with clear time points for each treatment session 
recorded; (iv) Patients who received combined treatments 
with clearly documented treatment protocols; (v) Patients 
with reliable and valid data.

The exclusion criteria are: (i) Patients diagnosed 
with non-cervical cancer; (ii) Patients with missing or 
incomplete data; (iii) Patients who explicitly refused to 

https://doi.org/10.36922/EJMO026080091


Eurasian Journal of Eurasian Journal of 
Medicineand OncologyMedicineand Oncology Risk factors after 3D-BT in cervical cancer

Volume X Issue X (2026)	 3� doi: 10.36922/EJMO026080091

participate in the study during follow-up.

This study includes 3D-BT patients diagnosed with 
cervical cancer at Tianjin Cancer Hospital and Xiangyang 
Hospital of Traditional Chinese Medicine up to July 
2024. Relevant data were collected through the hospital 
information system, with a total of 681 patients initially 
enrolled. After excluding patients with missing, incomplete, 
or lost follow-up data (such as those not followed up 
during the COVID-19 pandemic), 636 patients remained. 
Based on the inclusion and exclusion criteria, 430 patients 
were ultimately included in the study.

2.2. Software and statistical methods

Data collection was performed using EpiData (version 3.1, 
EpiData Association, Denmark) for data programming 
and manual collection to establish the database. Statistical 
analyses were conducted using R software (v4.3.2, R 
Foundation for Statistical Computing, Austria) and 
Statistical Package for Social Sciences (SPSS 26.0, IBM, 
United States). Variables were grouped, and statistical 
analyses were performed using univariate and multivariate 
Cox regression analyses. Factors with a univariate p-value 
of <0.1 were included in multivariate analysis. Survival 
analysis was conducted using the Kaplan–Meier (K–M) 
method, with the primary outcomes being overall 
survival (OS) and progression-free survival (PFS). Before 
conducting multivariate Cox regression, multicollinearity 
among variables was assessed using variance inflation 
factors (VIFs); all variables in the final models had VIFs 
< 5, indicating that collinearity did not substantially affect 
the estimates. The proportional hazards assumption for the 
Cox models was tested using Schoenfeld residuals, and no 
significant violations were detected.

Of note, the total brachytherapy dose reported in this 
study refers to the physical prescription dose and does not 
include the contribution from external beam radiotherapy 
(EBRT), nor has it been converted to the equivalent 
dose in 2 Gy fractions (EQD2). This should be taken 
into consideration when interpreting the dose–response 
findings.

2.3. Treatment strategies and grouping

All treatment decisions for patients in this cohort were 
made by a multidisciplinary team based on the then-current 
National Comprehensive Cancer Network guidelines, 
the availability of therapeutic modalities, and individual 
patient characteristics (e.g., age, performance status, and 
comorbidities). No predetermined study-specific protocol 
was applied. For the purpose of comparing integrated 
treatment strategies, patients were additionally categorized 
into mutually exclusive groups according to the main 

combination they received: (i) CRT alone, (ii) CRT 
combined with hyperthermia, (iii) CRT combined with 
targeted therapy, (iv) CRT combined with immunotherapy, 
and (v) other combinations. These groups were used in 
K–M analysis to provide a more clinically interpretable 
comparison of major combination strategies.

3. Result

3.1. General population

Among the 430 patients, the average age was 57.39 
(±10.794) years, with an age range of 23–84 years, all of 
whom were female. The average duration of brachytherapy 
was 23.56 (±12.448) days, with a total dose median of 2,800 
cGy (ranging from 700 to 3,600 cGy), and the median 
number of fractions was four (ranging from one to seven). 
The median dose per fraction was 700 cGy, with a range 
from 400 to 750 cGy.

The average follow-up time was 16.727 (±12.881) 
months, with the shortest follow-up being 0.85 months 
and the longest reaching 89.86 months. The average 
progression-free follow-up time was 13.974 (±11.956) 
months, and the average OS follow-up time was 16.756 
(±12.883) months. A total of 130 (30.2%) patients 
experienced disease progression, and 42 (9.8%) patients 
died. Other baseline characteristics are presented in Table 
1.

3.2. Survival analysis

We conducted K–M survival analysis with OS and PFS as 
outcome events for cervical cancer patients undergoing 
3D-BT. In the survival analysis with OS as the outcome 
event, no significant effects of radiotherapy-related 
and treatment-related factors on post-surgery OS were 
observed. However, in the survival analysis with PFS as 
the outcome event, we identified 10 factors that were 
associated with post-surgery PFS risk.

Regarding radiotherapy-related factors, receiving 
more than four fractions of brachytherapy (hazard ratio 
[HR] = 0.63, 95% confidence interval [CI]: 0.39–1.00, p 
< 0.001, Figure 1A) and a total dose greater than 2,800 
cGy (HR = 0.56, 95% CI: 0.34–0.92, p < 0.001, Figure 
1B) significantly improve PFS for cervical cancer patients 
undergoing 3D-BT. In terms of treatment-related factors, 
CRT (HR = 0.42, 95% CI: 0.28–0.62, p < 0.001, Figure 
1C), targeted therapy combined with chemotherapy (HR 
= 0.56, 95% CI: 0.38–0.85, p < 0.001, Figure 1D), targeted 
therapy combined with hyperthermia (HR = 0.37, 95% 
CI: 0.18–0.77, p < 0.001, Figure 1E), immunotherapy 
combined with chemotherapy (HR = 0.50, 95% CI: 0.25–
0.99, p < 0.001, Figure 1F), immunotherapy combined with 
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Table 1. Baseline characteristics of cervical cancer patients treated with three-dimensional brachytherapy

Variable Subgroup n Percentage

Age (mean ± SD, range) − 57.39 (±10.794) 23–84

Dose (cGy)
≤2,800 312 72.56

>2,800 118 27.44

Fraction
≤4 311 72.33

>4 119 27.67

cGy/f
≤700 427 99.30

>700 3 0.70

Boost
No 408 94.88

Yes 22 5.12

Interruption
No 311 72.33

Yes 119 27.67

TT
No 323 75.12

Yes 107 24.88

IT
No 363 84.42

Yes 67 15.58

CRT
No 65 15.12

Yes 365 84.88

Thermotherapy
No 249 57.91

Yes 181 42.09

TT + IT
No 404 93.95

Yes 26 6.05

TT + CRT
No 330 76.74

Yes 100 23.26

IT + CRT
No 369 85.81

Yes 61 14.19

Thermo + CRT
No 257 59.77

Yes 173 40.23

Thermo + TT
No 390 90.70

Yes 40 9.30

Thermo + IT
No 397 92.33

Yes 33 7.67

Abbreviations: CRT: Concurrent chemoradiotherapy; IT: Immunotherapy; SD: Standard deviation; TT: Targeted therapy.

hyperthermia (HR = 0.50, 95% CI: 0.21–1.23, p < 0.001, 
Figure 1G), hyperthermia combined with chemotherapy 
(HR = 0.28, 95% CI: 0.17–0.45, p < 0.001, Figure 1H), and 
hyperthermia (HR = 0.28, 95% CI: 0.17–0.45, p < 0.001, 
Figure 1I) all had favorable effects on PFS prognosis in 
these patients. Additionally, although patients receiving 
a single dose greater than 700 cGy showed certain 
advantages in PFS prognosis compared to those receiving 

≤ 700 cGy, the uneven distribution of outcome events 
precluded effective calculation of HR and 95% CI for this 
group. Further research is needed to obtain more data to 
support this finding.

The log-rank test revealed a statistically significant 
difference in PFS across the groups (p < 0.001). Pairwise 
comparisons indicated that patients receiving CRT 
combined with hyperthermia showed the most favorable 
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PFS, followed by those receiving CRT combined with 
immunotherapy. In contrast, patients receiving CRT alone 
exhibited the shortest median PFS. These descriptive 
results further support the potential benefit of integrating 
hyperthermia or immunotherapy with CRT in cervical 
cancer patients undergoing 3D-BT, although the non-
randomized nature of this comparison precludes definitive 
conclusions.

3.3. Cox regression analysis

Univariate and multivariate analyses were conducted 
for the 430 cervical cancer patients with OS or PFS as 

outcome events. A total of 15 related factors were analyzed. 
In the univariate COX analysis for OS, four factors were 
included in the multivariate analysis: CRT, hyperthermia, 
immunotherapy combined with chemotherapy, and 
hyperthermia combined with chemotherapy. In the 
univariate Cox analysis for PFS, 10 factors were included in 
the multivariate analysis: dose group (cGy), fraction group 
(times), targeted therapy, CRT, hyperthermia, targeted 
therapy combined with chemotherapy, immunotherapy 
combined with chemotherapy, hyperthermia combined 
with chemotherapy, targeted therapy combined with 
hyperthermia, and immunotherapy combined with 
hyperthermia (Tables 2 and 3).

Figure 1. Impact of different factors on PFS in cervical cancer patients treated with three-dimensional brachytherapy
Abbreviations: CI: Confidence interval; CRT: Concurrent chemoradiotherapy; HR: Hazard ratio; IT: Immunotherapy; PFS: Progression-free survival; TT: 
Targeted therapy.
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Table 2. Univariate Cox regression analysis

Variable Subgroup
OS univariate PFS univariate

HR 95% CI (low–high) p HR 95% CI (low–high) p

Dose (cGy)
≤2,800 Ref. Ref.

>2,800 0.519 0.203 1.325 0.170 0.618 0.387 0.988 0.045

Fraction
≤4 Ref. Ref.

>4 0.761 0.337 1.719 0.511 0.683 0.435 1.075 0.099

cGy/f
≤700 Ref. Ref.

>700 0.998 0.993 1.002 0.310 0.998 0.995 1.001 0.245

Boost
No Ref. Ref.

Yes 0.000 0.000 0.000 0.997 0.833 0.306 2.265 0.720

Interruption
No Ref. Ref.

Yes 0.826 0.366 1.862 0.645 1.316 0.882 1.963 0.179

TT
No Ref. Ref.

Yes 0.620 0.318 1.210 0.161 0.718 0.489 1.053 0.090

IT
No Ref. Ref.

Yes 0.519 0.160 1.686 0.275 0.715 0.417 1.227 0.223

CRT
No Ref. Ref.

Yes 0.271 0.146 0.504 0.000 0.451 0.306 0.663 0.000

Thermotherapy
No Ref. Ref.

Yes 0.223 0.079 0.629 0.005 0.276 0.171 0.445 0.000

TT + IT
No Ref. Ref.

Yes 0.689 0.166 2.858 0.608 1.004 0.509 1.981 0.990

TT + CRT
No Ref. Ref.

Yes 0.559 0.278 1.123 0.102 0.642 0.432 0.955 0.029

IT + CRT
No Ref. Ref.

Yes 0.185 0.025 1.344 0.095 0.452 0.229 0.891 0.022

Thermo + CRT
No Ref. Ref.

Yes 0.112 0.027 0.465 0.003 0.225 0.133 0.381 0.000

Thermo + TT
No Ref. Ref.

Yes 0.320 0.077 1.327 0.116 0.393 0.192 0.807 0.011

Thermo + IT
No Ref. Ref.

Yes 0.663 0.160 2.750 0.571 0.418 0.171 1.025 0.057

Abbreviations: CI: Confidence interval; CRT: Concurrent chemoradiotherapy; HR: Hazard ratio; IT: Immunotherapy; OS: Overall survival; PFS: 
Progression-free survival; TT: Targeted therapy.
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Table 3. Multivariate Cox regression analysis

Variable Subgroup
OS multivariate PFS multivariate

HR 95% CI (low–high) p HR 95% CI (low–high) p

Dose (cGy)
≤2,800 Ref.

>2,800 0.177 0.041 0.771 0.021

Fraction
≤4 Ref.

>4 3.194 0.772 13.221 0.109

TT
No Ref.

Yes 1.152 0.415 3.203 0.786

CRT
No Ref. Ref.

Yes 0.436 0.227 0.839 0.013 0.938 0.587 1.500 0.790

Thermotherapy
No Ref. Ref.

Yes 1.589 0.361 6.999 0.541 0.917 0.294 2.860 0.881

TT + CRT
No Ref.

Yes 0.553 0.185 1.651 0.288

IT + CRT
No Ref. Ref.

Yes 0.370 0.049 2.764 0.332 0.560 0.239 1.310 0.181

Thermo + CRT
No Ref. Ref.

Yes 0.106 0.013 0.837 0.033 0.186 0.055 0.630 0.007

Thermo + TT
No Ref.

Yes 1.833 0.642 5.235 0.258

Thermo + IT
No Ref.

Yes 2.069 0.558 7.670 0.277

Abbreviations: CI: Confidence interval; CRT: Concurrent chemoradiotherapy; HR: Hazard ratio; IT: Immunotherapy; OS: Overall survival; PFS: 
Progression-free survival; TT: Targeted therapy.

Multivariate analysis showed that CRT (HR: 0.436, 95% 
CI: 0.227–0.839, p = 0.013) and hyperthermia combined 
with chemotherapy (HR: 0.106, 95% CI: 0.013–0.837, p = 
0.033) were significantly associated with reduced OS risk 
in cervical cancer patients undergoing 3D-BT.

The dose group greater than 2,800 cGy (HR: 0.177, 95% 
CI: 0.041–0.771, p = 0.021) and hyperthermia combined 
with chemotherapy (HR: 0.186, 95% CI: 0.055–0.630, p = 
0.007) were independently associated with improved PFS 
in cervical cancer patients undergoing 3D-BT.

3.4. Nomogram prediction model and evaluation

We developed a nomogram prediction model for cervical 
cancer patients undergoing 3D-BT, with PFS as the outcome, 
using factors such as dose, fractionation, and combined 

treatment methods. The model predicts the 2-year, 3-year, 
and 5-year PFS probabilities. A random split of the data 
was performed, with 70% used for model development 
and 30% for internal validation. The prediction model was 
successfully established in the development group (Figure 
2), with a C-index of 0.708, indicating moderate predictive 
ability, and a C-index of 0.704 in the internal validation 
group, demonstrating similar predictive performance. The 
receiver operating characteristic (ROC) curve and area 
under the ROC curve (AUC) were also assessed. The AUC 
values for 2 years (AUC = 0.689), 3 years (AUC = 0.727), 
and 5 years (AUC = 0.723) all demonstrated remarkable 
performance (Figure 3).

Calibration plots for 2-year, 3-year, and 5-year PFS 
predictions demonstrated acceptable agreement between 
predicted and observed outcomes in the internal validation 
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Figure 2. Nomogram prediction model for PFS in cervical cancer three-dimensional brachytherapy patients
Abbreviations: CRT: Concurrent chemoradiotherapy; HT: Hyperthermia; IT: Immunotherapy; PFS: Progression-free survival; TT: Targeted therapy.

Figure 3. Receiver operating characteristic curve validation of the prediction model
Abbreviation: AUC: Area under the curve.
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set (Figure 4A–4C). However, external validation is lacking, 
and the nomogram should be regarded as an exploratory 
tool rather than a ready-to-use clinical instrument.

4. Discussion
In the clinical treatment of cervical cancer, we found that 
CRT and hyperthermia combined with chemotherapy are 
key factors associated with the OS risk for cervical cancer 
patients undergoing 3D-BT. Additionally, a total treatment 
dose exceeding 2,800 cGy and hyperthermia combined 
with chemotherapy showed significant clinical benefits in 
reducing the risk of PFS.

Regarding radiotherapy-related factors, we identified 
that treatment with more than four brachytherapy fractions 
and a total dose exceeding 2,800 cGy were independent 
factors that significantly improved PFS in cervical cancer 
patients undergoing 3D-BT. This suggests that the total 
radiation dose and the number of fractions play a crucial 
role in extending patients’ PFS.12,19,22

In terms of treatment strategies, we observed that CRT, 
targeted therapy combined with chemotherapy, targeted 
therapy combined with hyperthermia, immunotherapy 
combined with chemotherapy, immunotherapy 
combined with hyperthermia, hyperthermia combined 
with chemotherapy, and chemotherapy combined 
with hyperthermia all had favorable effects on PFS in 
patients undergoing 3D-BT. These combined treatment 
approaches, by integrating diverse therapeutic modalities 
and mechanisms, may effectively delay tumor progression 
and improve patients’ quality of life. Particularly when 
combined with hyperthermia and chemotherapy, these 
strategies enhance tumor cell radiosensitivity and boost 
the immune system’s anti-tumor response, further 
strengthening the treatment effect.

These findings suggest that treatment intensity and 
combination modality may play a clinically meaningful 
role in patient outcomes. However, the optimal dose, 
fractionation, and combination regimen cannot be 
determined from this retrospective analysis and should be 
investigated in future prospective studies that incorporate 
complete staging information.

Additionally, we established a nomogram that provides 
forward-looking PFS predictions based on clinical 
treatment-related factors in cervical cancer patients 
undergoing 3D-BT. By incorporating factors such as 
dose, fractionation, and combined treatment, this model 
offers valuable prognostic insights, thus better guiding the 
application of clinical treatment strategies.

In the clinical treatment of cervical cancer, 3D-BT 
has become an important radiotherapy modality. With 

the continuous advancement of medical technology, 
the effectiveness of 3D-BT has significantly improved, 
especially when combined with other therapeutic 
strategies, resulting in more pronounced clinical benefits. 
The development of 3D-BT has been particularly notable, 
driven by advances in radiotherapy technology, especially 
the rapid development of computers, artificial intelligence, 
and imaging technologies. Early brachytherapy relied 
mainly on two-dimensional imaging and simpler treatment 
planning, which often led to standard target areas and 
lower accuracy. However, with the widespread application 
of imaging technologies such as computed tomography 
and magnetic resonance imaging, 3D-BT has been able 
to provide more accurate tumor target localization22,23, 
resulting in more precise and uniform dose delivery, 
thereby reducing damage to surrounding healthy tissues. 
This technological advancement has significantly improved 
the local control rate and quality of life for cervical cancer 
patients.11 Studies have shown that with appropriate 
dosage and fractionation schemes, 3D-BT can significantly 
prolong patients’ PFS and OS, making it widely applied in 
clinical treatment.24

Concurrent chemoradiotherapy is a standard treatment 
protocol for cervical cancer, where radiotherapy and 
chemotherapy work synergistically through different 
mechanisms. Radiotherapy primarily works by damaging 
tumor cell DNA through radiation, inhibiting tumor 
growth, while chemotherapy drugs directly kill cancer cells 
or inhibit their proliferation. The combination of CRT and 
3D-BT can enhance the overall treatment effect. Research 
has shown that the combination of CRT and 3D-BT in 
clinical treatment for cervical cancer can significantly 
improve the local control rate and prolong both PFS and 
OS.25

Hyperthermia, as an adjunctive therapy, has 
demonstrated potential to enhance the effects of 
radiotherapy across multiple cancer types. Hyperthermia 
works by locally heating the tumor, increasing tumor cell 
radiosensitivity, and thereby enhancing the efficacy of 
radiotherapy. Combining hyperthermia with 3D-BT in 
the treatment of cervical cancer can improve treatment 
outcomes by enhancing the radiosensitivity of tumor cells 
and boosting immune responses.17 Studies have shown that 
the combination of hyperthermia and 3D-BT effectively 
delays the progression of cervical cancer, with relatively 
mild side effects, making it a promising combination 
therapy strategy.26,27

Targeted therapy and immunotherapy have become hot 
topics in cancer treatment research in recent years. Targeted 
therapy works by specifically targeting tumor cell molecules, 
inhibiting tumor growth28–30, whereas immunotherapy 
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Figure 4. Calibration curves for nomogram-predicted probability of 2-, 3-, and 5-year PFS
Abbreviation: PFS: Progression-free survival.
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enhances the body’s immune response against cancer by 
activating the immune system.31–33 Combining targeted 
therapy with 3D-BT enables the synergistic effects of 
radiotherapy and molecular targeted therapy, improving 
the precision and efficacy of treatment.34 At the same time, 
combining immunotherapy with 3D-BT improves the 
body’s immune response, reduces tumor immune escape, 
and enhances the efficacy of radiotherapy.35,36

This growing body of evidence supports the importance 
of combining 3D-BT with other therapeutic modalities, 
including chemotherapy, hyperthermia, targeted therapy, 
and immunotherapy, to improve clinical outcomes and 
patient survival in cervical cancer treatment.

This study has several important limitations that must 
be acknowledged. First and most critically, the analysis 
does not include key prognostic variables such as the 
International Federation of Gynecology and Obstetrics 
stage, tumor size, lymph node status, histological subtype, 
and performance status. These factors are well-established 
determinants of survival in cervical cancer, and their 
absence introduces substantial unmeasured confounding. 
The treatment-associated factors identified here may 
therefore be confounded by differences in disease severity, 
and the reported independent associations should be 
interpreted cautiously as they may change materially if 
these staging variables were available for adjustment. 
Second, the number of death endpoint events included in 
the study was small (42 deaths), and the median follow-up 
was relatively short (~17 months), which may partly 
reflect the relatively recent implementation of 3D-BT in 
clinical practice. Consequently, the OS-related analyses are 
underpowered and must be regarded as preliminary. Third, 
the data were not stratified by key clinical characteristics 
due to insufficient follow-up data and the absence of 
valid stratification factors in the current dataset. Moving 
forward, we will continue standardized follow-up, aim 
to collect complete staging and toxicity data, and refer to 
other clinical studies to propose meaningful stratification 
factors for further validation of survival and progression 
outcomes in different subgroups. Fourth, treatment-
related toxicity data were not systematically documented 
in the institutional records and therefore could not be 
analyzed in this study. This is a recognized limitation of 
retrospective real-world studies, and prospective collection 
of graded adverse events will be a key objective of our 
future research. Fifth, the brachytherapy dose threshold 
reported herein refers to the physical dose only and was 
not converted to EQD2, nor does it account for the EBRT 
contribution. This limits the biological interpretability and 
cross-study comparability of the dose threshold.

Importantly, although our analyses revealed multiple 

treatment components that are independently associated 
with improved PFS or OS, this retrospective design cannot 
identify a single “best” combined regimen. The choice of 
combination therapy in real-world practice is influenced by 
numerous clinical and non-clinical factors, which are likely 
to introduce selection bias. The supplementary comparison 
of integrated strategies is intended to visually illustrate 
outcome trends, but it does not replace formal comparative 
effectiveness research. Well-designed prospective trials are 
needed to determine the optimal therapeutic sequence and 
combination for cervical cancer patients receiving 3D-BT.

With the continuous advancement of medical 
technology, the treatment methods and combination 
therapy strategies for cervical cancer using 3D-BT will 
also continue to innovate. In the future, we aim to improve 
the precision and effectiveness of 3D-BT through the 
development of precision medicine, the integration of new 
immunotherapy approaches, and ongoing technological 
innovations. By combining 3D-BT with other treatment 
modalities, we hope to provide patients with more diverse 
and effective treatment options. This will maximize the 
potential of brachytherapy, helping patients achieve better 
treatment outcomes and improved quality of life.

5. Conclusion
This real-world study demonstrated that treatment-related 
factors play an important role in the prognosis of cervical 
cancer patients receiving 3D-BT. A total brachytherapy 
dose exceeding 2,800 cGy and intensified combination 
strategies, particularly concurrent chemoradiotherapy 
and hyperthermia-based regimens, were associated with 
favorable survival outcomes. In addition, a greater number 
of brachytherapy fractions showed a potential benefit for 
progression-free survival.

These findings suggest that optimizing radiation dose 
and integrating multimodal therapies may further improve 
the efficacy of 3D-BT and provide valuable information 
for individualized treatment planning in cervical cancer. 
However, because of the retrospective nature of this study 
and the absence of several key prognostic variables, the 
observed associations should be interpreted with caution. 
Prospective studies with longer follow-up and more 
comprehensive clinical data are warranted to validate these 
findings and to determine the optimal treatment strategies 
for patients undergoing 3D-BT.
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