
Abstract. Aim: To compare the advantage of image-guided
brachytherapy (IGBT) over conventional two-dimensional
brachytherapy (2DBT) in patients with advanced cervical
squamous cell carcinoma. Patients and Methods: This study
included 253 patients with stage IB2-IVA diseases treated
with two schemes of brachytherapy. One hundred and thirty-
six patients received 2DBT, whereas 117 patients received
IGBT. Tumor stage, age, and tumor diameter were matched
between the two groups. Local relapse-free survival, overall
survival, and cumulative incidences of gastrointestinal and
genitourinary complications were compared between the two
groups. Results: The overall and local relapse-free survival
rates were similar between the two groups. The cumulative
rate of grade 2 and higher gastrointestinal complication was
21.3% for the 2DBT group, and 8.5% for the IGBT group
(p=0.007), whereas that of grade 2 and higher genitourinary
injury was 11.8% for the 2DBT group, and 1.7% for the
IGBT group (p=0.002). Conclusion: In patients with
advanced cervical squamous cell carcinoma, IGBT achieves
a higher therapeutic ratio compared to 2DBT technique by
minimizing the late toxicities.

Cervical cancer remains one of the leading causes of cancer-
related deaths in women worldwide (1). In patients with
intact uterus, the use of image-guided brachytherapy (IGBT)

has grown considerably because of the introduction of an
adaptive target concept and a dose volume assessment
balancing constraints for clinical target volume (CTV) and
organ at risk (OAR) (2-10). A series of single institutional
studies demonstrated an increased therapeutic ratio when
compared to conventional two-dimensional brachytherapy
(2DBT) (2, 5). Although current findings suggest a favorable
impact of IGBT on outcomes, so far, no randomized trial has
been conducted to validate its benefits over 2DBT probably
due to ethical concerns.

In definitive chemoradiotherapy (CRT) for locally
advanced cervical cancer, in which brachytherapy is an
essential component of radiotherapy, the net impact of
advanced technique using IGBT on final outcome has been
reported by a prospective international study on magnetic
resonance imaging (MRI) based brachytherapy in cervical
cancer (EMBRACE) (9). The results showed that IGBT leads
to excellent local control and pelvic control (91% and 87%
at 3 years) and overall survival (74% at 3 years) with limited
severe morbidity (9). However, IGBT is a more time-
consuming process requiring individualized contouring and
planning. It also requires additional resources such as real-
time images and availability of 3D treatment planning
systems. The additional costs of setting up IGBT are more
than the normal costs of the conventional brachytherapy
procedure (11). In some developing countries, not all cancer
patients requiring brachytherapy are able to receive adequate
treatment (12). Furthermore, patients who can undergo
routine IGBT might be restricted in some institutes where
patient load was huge. Therefore, this retrospective study
was conducted to examine the hypothesis that IGBT may
potentially gain more therapeutic effect. All the studied
patients were treated with the similar technique and dosage
of external-beam radiotherapy (EBRT) using intensity-

3015

Correspondence to: Shang-Wen Chen, Department of Radiation
Oncology, China Medical University Hospital, No. 2, Yuh-Der Road,
Taichung, 404 Taiwan, R.O.C. Tel: +886 422052121, ext 7450, Fax:
+886 422052121, ext 7460, e-mail: vincent1680616@yahoo.com.tw

Key Words: Cervical cancer, intensity-modulated radiation therapy,
image-guided brachytherapy, therapeutic ratio.

ANTICANCER RESEARCH 39: 3015-3024 (2019)
doi:10.21873/anticanres.13434

Effectiveness of Image-guided Brachytherapy in Patients 
With Locally Advanced Cervical Squamous Cell 

Carcinoma Receiving Concurrent Chemoradiotherapy
SHANG-WEN CHEN1,2,3, JI-AN LIANG1,2, YAO-CHING HUNG2,4, 

LIAN-SHUNG YEH4, WEI-CHUN CHANG2,4, WU-CHOU LIN2,4,5 and YIN-YI CHANG4,5

1Department of Radiation Oncology, China Medical University Hospital, Taichung, Taiwan, R.O.C.;
2Graduate Institute of Clinical Medical Science, School of Medicine,

College of Medicine, China Medical University, Taichung, Taiwan, R.O.C.;
3Department of Radiology, School of Medicine, Taipei Medical University, Taipei, Taiwan, R.O.C.;

4Department of Obstetrics and Gynecology, China Medical University Hospital, Taichung, Taiwan, R.O.C.;
5College of Chinese Medicine, China Medical University, Taichung, Taiwan, R.O.C.



modulated radiation therapy (IMRT) and concurrent
chemotherapy. The result will be helpful to institutions where
the cost-effectiveness of modern technique is a concern,
particularly where resources are limited. 

Patients and Methods
Patients. This retrospective cohort study included patients with
stage IB2-IVA cervical squamous cell carcinoma, according to the
International Federation of Gynecology and Obstetrics (FIGO)
staging system, treated with curative CRT in two treatment periods
between January 2007 and December 2016. In 2018, staging has
been revised by the FIGO Gynecologic Oncology Committee to
allow imaging and pathological findings to assign the stage (13).
Therefore, both old and new FIGO stages were applied. To
minimize the bias in this comparative study, patients with a
histological type of adenocarcinoma or adenosquamous carcinoma
were excluded because they have inferior outcomes compared with
those with squamous cell carcinoma when primarily treated with
CRT (14, 15). All patients received comprehensive pretreatment
workup, including computed tomography (CT), and completed an
allocated CRT course. Figure 1 presents the flowchart of patient
selection and study design.

The patients in the first period received IMRT plus 2DBT and
were labeled 2DBT group, whereas patients after 2012 were
irradiated with IMRT plus IGBT, referred to as IGBT group. A total
of 253 cases were included in this comparative study, and sample
size for 2DBT and IGBT group was 136 and 117, respectively.
Tumor stage, age, and tumor diameter were matched between the
two groups, while were treated by the same radiation oncology team.
Patient characteristics are summarized in Table I. The study was
approved by the institutional review board [CMUH107-REC3-19].

External beam radiotherapy. All patients underwent CT-based
planning with custom immobilization. Both groups were initially
irradiated with an IMRT technique with a prescribed dose to the
whole pelvis of 45 Gy in 25 fractions (16). Following the IMRT,
bilateral parametrial disease was boosted to 50.4 to 54.0 Gy via
anterior and posterior parallel fields with central shielding. In
patients with radiologically metastatic pelvic lymph nodes, the
involved nodes were further irradiated with IMRT to a cumulative
dose of 60 to 64 Gy. The CTV of the initial IMRT included the
gross disease, cervix, parametrium, uterus, superior half of the
vagina, cardinal ligament, presacral region, and regional lymph
nodes (common, internal, and external iliac) as similar with
consensus guidelines on CTV delineation (17, 18). Uniform
planning margins were added to account for organ motion and setup
uncertainty. We applied a 15-mm planning margin around the
cervix, a 10-mm margin around the uterus and the vagina, and an
8-mm margin around the remainder of the CTV according to
previous studies (19). Target planning constraints were standardized
and previously described (16). 

Image-guided radiotherapy using kilo-voltage imaging, and cone
beam CT to minimize geometrical uncertainties for daily treatment
setup was not routinely employed. This technique was implemented
by individual choice, and the proportion of the use for 2DBT and
IGBT groups was 19% and 21%, respectively.
Brachytherapy. Following 45 Gy to the pelvis, high-dose rate
intracavitary brachytherapy was performed using an Ir-192 remote
after-loading technique after adequate tumor regression and

concurrently with pelvic irradiation or parametrial boosting. In the
2DBT group, the standard prescribed dose for each 2DBT was 6.0 Gy
to Point A for 4 sessions. The Point A dose was reduced to 5.0 Gy for
those with higher reference doses to the rectum or bladder, or those
aged over 70 years. The total prescribed Point A doses (external beam
+ brachytherapy) ranged from 65.6 to 75 Gy (median, 69 Gy). The
details of the 2DBT have been reported previously (20).

In IGBT group, gross tumor volume (GTV) and high-risk CTV
(HR-CTV) were contoured on pelvic MRI that was done prior to
the first secession of IGBT. Using image registration technique, the
MRI-based target volumes were then fused with applicator-based
simulation CT on the first IGBT. Planning volumes were according
to the GEC-ESTRO guidelines (21). Thereafter, individual dose
optimization of the subsequent application was based on the
transferred MRI target volume and OAR structures delineated on
CT. A dose-volume histogram was calculated according to CT-based
HR-CTV and OAR. The brachytherapy was performed by
commercial treatment planning system (Varian GammaMedplus ix,
Palo Alto, CA, USA). Intracavitary applicators with Henschke T&O
applicator consisting of tandem and ovoids (Mick Radio-Nuclear
Instruments, Inc., Mount Vernon, NY, USA) were used for insertion.
Dose volume adaptation was performed with the aim of dose of
cumulative equivalent dose in 2 Gy per fraction (EQD2) of HR-
CTV-D90 >80 Gy. The mean HR-CTV was 34.5±15.5 ml
(range=14.0-150.4), and the mean cumulative EQD2 of HR-CTV-
D90 was 87.6±7.9 Gy10 (range=71.9-110.1). The mean cumulative
EQD2 of doses for the most exposed 2cc (D2cc) for rectum,
bladder, and sigmoid colon were 60.9±6.4 Gy3, 67.1±8.6 Gy3, and
64.8±6.9 Gy3, respectively.

Chemotherapy. Chemotherapy consisted of cisplatin delivered
weekly at a dose of 40 mg/m2 intravenously, with a total maximal
dose of up to 60 mg. The first cycle of cisplatin was initiated at the
first radiotherapy (RT) treatment. In accordance with the duration
of RT, the treatment plan included a total of five to eight cycles of
cisplatin (16).

Follow-up. After completion of radiotherapy, patients received
regular follow-up every 2 months for the first year, and every 3
months afterward. A pelvic examination was performed during each
follow-up; in addition, tumor markers (squamous cell carcinoma
antigen and carcinoembryonic antigen) were checked. A CT scan
was carried out every 6 months for the first 2 years and routine
urine and stool examinations were done every 6 to 12 months.
Patients who had persistent abdominal pain, bloody stools or
hematuria underwent sigmoidoscopy or cystoscopy to identify the
source of bleeding, and underwent blood counts for surveillance of
the severity of the complications. Common Terminology Criteria for
Adverse Events Version 4.0 was used to score the maximum late
toxicities, including gastrointestinal (GI) and genitourinary (GU)
complications (22). 

Study endpoints and statistical analysis. The primary endpoints were
local relapse-free survival (LRFS) and cumulative incidences of
grade 2 or more complications of adjacent GI or GU tracts because
of the association with the direct treatment efficacy across three
treatment regimes. A comparison of the categorical and continuous
variables among groups was performed using the ANOVA and Chi-
square test. A multivariate analysis using binary logistic regression
was carried out to estimate the odds ratio (OR) of complications
among the variables examined. Overall survival (OS) and LRFS
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were calculated using the Kaplan-Meier method. The log-rank test
and Cox regression analysis were performed to examine the effects
of explanatory variables on these endpoints. Statistical significance
was considered when a two-sided p-value was <0.05. Patient survival
was measured from the date of radiotherapy initiation to the last
follow-up. The latency of complications was measured from the end
of radiotherapy to the last follow-up. All statistical analyses were
performed using a commercial software package (SPSS 13.0 for
Windows, Chicago, IL, USA). 

Results

Within a median follow-up duration of 60 months for the
2DBT group and 47 months for the IGBT group, 187
patients were alive and 66 patients had died. Moreover, 198
patients had no evidence of disease progression, whereas 55
patients had disease progression (infield recurrence, distant
metastasis, and both in 28, 41, and 14 patients, respectively).
Among the 28 patients with infield recurrence, one
experienced sole pelvic lymph node relapse. In summary,
226 patients remained relapse-free at primary sites, whereas
27 patients experienced local recurrence. As depicted in
Figures 2 and 3, the 4-year LRFS for 2DBT and IGBT

groups was 89% and 87% (p=0.68), whereas the 4-year OS
for 2DBT and IGBT groups was 70% and 76% (p=0.32),
respectively. Table II lists the result of the Cox regression
analyses and disclosed that IGBT did not lead to a superior
outcome in terms of OS or LRFS. The adverse features for
OS were new stage IIIA-IVA disease [p=0.04, hazard ratio
(HR) 1.21, 95% confidence interval (CI)=1.01-1.47] and
existence of paraaortic lymph node metastasis (p=0.005, HR
2.36, 95%CI=1.32-4.28), whereas prognostic factors for
LRFS were age 65 years (p=0.024, HR=3.47, 95%CI=1.36-
8.33) and new stage IIIA-IVA disease (p=0.027, HR=1.43,
95%CI=1.04-1.96), respectively. Subgroup analysis was
carried out for IGBT group (Table III). The evidence of
obstructive uropathy and HR-CTV values were two
predictors for inferior LRFS in the Cox regression analysis.
The cumulative EQD2 to the HR-CTV was not associated
with local failure.

The incidences of various endpoints of GI or GU toxicities
across the treatment groups are summarized in Table IV. The
median duration of GI and GU complication was 15 months
(range=4-29) and 27 months (range=3-56), respectively. The
cumulative rate of grade 2 and higher GI complication was
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Figure 1. The flowchart of patient selection and study design.



21.3% for 2DBT group and 8.5% for IGBT group (p=0.007),
whereas that of grade 2 and higher GU injury was 11.8 %
for the 2DBT group and 1.7% for the IGBT group
(p=0.002). The actuarial hazard curves are depicted in Figure
4. The 4-year actuarial GI complication rate was 27% for
2DBT group and 10% for IGBT group (p=0.022), whereas
that of GU complication rate was 17% for 2DBT group and
3% for IGBT group (p=0.017). The cumulative rate of grade
3 and higher complication was 10.3% for 2DBT group and
1.7% for IGBT group (p=0.03), whereas that of grade 3 and
higher GU injury was 4.4% for 2DBT group and 0.9% for
IGBT group (p=0.08). According to most endpoints, 2DBT
group experienced a higher probability of late complications
compared with IGBT group.

Using toxicity profile of 2DBT group as a reference, Table
V indicates that the independent factors which decreased grade
2 and higher GI toxicities was the application of the IGBT
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Table I. Patient characteristics.

Characteristics                   2DBT group         IGBT group        p-Value  
                                                (n=136)                 (n=117)
                                              Mean (%)              Mean (%)

Age (years)**                      57 (31-79)             59 (28-78)            0.12
  <45                                     16 (11.8%)            12 (10.3%)
  45-65                                  81 (59.5%)            68 (58.1%)
  >65                                     39 (28.7%)            37 (31.6%)
Stage (old)                                                                                       0.78
  IB2                                     23 (16.9%)            23 (19.7%)
  II                                         70 (51.5%)            61 (52.1%)
  III-IVA                               43 (31.6%)            33 (28.2%)
Stage (new)                                                                                     0.23
  IB3                                     15 (11.0%)              7 (6.0%)
  II                                         45 (33.1%)            40 (33.6%)
  III-IVA                               76 (55.9%)            70 (59.8%)
Tumor size                                                                                       0.70
  <4 cm                                 32 (23.5%)            27 (23.1%)
  ≥4 cm                               104 (76.5%)            90 (76.9%)
Pelvic lymph node                                                                          0.85
  Negative                             77 (56.6%)            60 (51.3%)
  Positive                              59 (43.4%)            57 (48.7%)
Paraaortic lymph node                                                                    0.64
  Negative                           118 (86.8%)          101 (86.3%)
  Positive                              18 (13.2%)            16 (13.7%)
Obstructive uropathy                                                                      0.60
  Negative                           117 (86.0%)          105 (89.7%)
  Positive                              19 (14.0%)            12 (10.3%)
RT duration (days)**              51~101                  48~99               0.57
                                            (median 60)          (median 56)
Cisplatin cycle (mean)               5.9                         5.9                  0.88
Follow-up (months)**             5~120                    6~66                0.006
                                            (median 60)          (median 47)

2DBT, Two-dimensional brachytherapy; IGBT, image-guided
brachytherapy; RT, radiotherapy. *Continuous variables were examined
by ANOVA test., whereas categorical variables were tested by Chi-
square test. **Data presented as median (range).

Figure 2. Local relapse-free survival curves according to the treatment
groups (A), stage (B), and age (C). 



[p=0.015, odds ratio (OR)=0.40, 95%CI=0.19-0.84]. The
IGBT also contributed the reduction of grade 2 and higher GU
complications (p=0.009, OR=0.14, 95%CI=0.05-0.69). When
lumping any events with grade 2 or above GI or GU
complications together, the employing the IGBT decreased the
risk of late sequalae (p=0.001, OR=0.30, 95%CI=0.15-0.60).
In addition, the IGBT could reduce grade 3 and higher GI or
GU toxicities (p=0.003, OR=0.10, 95%CI=0.02-0.45). 

Discussion 
In patients with advanced cervical cancer, it would be not
ethically feasible to conduct phase 3 trials to compare the
advantage of IGBT over conventional 2DBT. Another barrier
of cost-effectiveness analysis was that the impact of EBRT
techniques should be assessed together due to the cumulative
effect. Using the two matching cohorts with uniform EBRT
and the same histology, we first disclosed the impact of
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Figure 3. Overall survival curves according to the treatment groups (A),
stage (B), and paraaortic lymph node status (C).

Figure 4. Actuarial rates for late grade 2 and above complication of the
gastrointestinal (A) and genitourinary tract (B) according to the
treatment groups.



IGBT on reduction of major complications for these patients.
Although a longer follow-up duration for IGBT group would
be ideal to confirm the differences, our findings could
provide where the cost-effectiveness of modern technique is
a concern, particularly where resources are limited.

For patients with locally advanced cervical cancer, this is
a pilot study to compare the clinical outcome of IMRT plus
IGBT over IMRT plus 2DBT. Although the application of
IMRT technique is believed to result in the OARs being
exposed to a lower dose of radiation and consequently
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Table II. Cox regression analysis results for the patients and treatment-related parameters associated with overall survival (OS) and local relapse-
free survival (LRFS).

Variables                                                                          OS                                                                                             LRFS

                                                        Univariate                                 Multivariate                                Univariate                           Multivariate

                                                          p-Value              p-Value              HR                95%CI            p-Value           p-Value            HR            95%CI

Age (years) >65 vs. ≤65                   0.39                    0.18                                                                    0.002               0.024             3.47        1.36~8.33
FIGO stage (old) 
  IB2-IIB vs. IIB-IVA                        0.006                  0.40                                                                    0.39                 0.45
FIGO stage (new)
  IB3-IIB vs. IIIA-IVA                      0.003                  0.04                 1.21             1.01~1.47             0.005              0.027             1.43        1.04~1.96
Pelvic lymph node 
  Negative vs. positive                       0.014                 0.89                                                                   0.014              0.67 
Paraaortic lymph node 
  Negative vs. positive                     <0.001                  0.005               2.36             1.30~4.28             0.022               0.37
Initial obstructive uropathy
  Negative vs. positive                       0.007                  0.17                                                                    0.26                 0.60
Brachytherapy number 
  4 vs. ≥5                                            0.38                    0.63                                                                    0.08                 0.19
2DBT vs. IGBT                                  0.36                    0.26                                                                    0.50                 0.38

HR, Hazard ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; 2DBT, two-dimensional brachytherapy;
IGBT, image-guided brachytherapy; RT, radiotherapy.

Table III. Multivariate Cox regression analysis for tumor- or treatment-related parameters associated with local relapse-free survival in patients
receiving image-guided brachytherapy (IGBT).

Variables                                                                                                                         Local relapse-free survival

                                                                            Univariate mode                                                             Multivariate analysis

                                                                                    p-Value                                 p-Value                                    HR                                95%CI

Age (years) >65 vs. ≤65                                              0.03                                      0.055                                     7.14                              0.96-30.73
FIGO stage (old) 
  IB2-IIB vs. IIB-IVA                                                   0.30                                      0.84
FIGO stage (new)
  IB3-IIB vs. IIIA-IVA                                                 0.05                                     0.29 
Pelvic lymph node 
  negative vs. positive                                                   0.09                                     0.61 
Paraaortic lymph node 
  negative vs. positive                                                   0.01                                      0.337
Initial obstructive uropathy
  negative vs. positive                                                   0.009                                    0.013                                     5.71                              1.45-22.54
HR-CTV (continuous)                                                  0.017                                    0.04                                       1.04                              1.01-1.08
EQD2 of HR-CTV-D90 (continuous)                          0.76                                      0.93

HR, Hazard ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; HR-CTV, high-risk clinical target volume;
EQD2, equivalent dose in 2 Gy per fraction.



reduced toxicities, phase 3 studies compared IMRT with
non-IMRT techniques remain limited in the setting of
definitive CRT (23, 24). Hasselle et al. (25) reported the rate
of grade 3 and greater complications in 89 patients with
intact cervix treated with IMRT plus low-dose rate
brachytherapy was 4% and 5% for GI and GU system,
respectively. In addition, Kidd et al. (26) showed a great
difference in the incidence of late toxicities between the
groups. The IMRT group had only a 6% rate of Grade 3 or
greater GI or GU toxicity, versus 17% for the non-IMRT
group (p=0.0017). Taken together, the application of IMRT
ought to be one of the determinants of late toxicities when
using conventional brachytherapy.

Unlike those treated in the postoperative setting, in which
irradiation dose is mainly prescribed by EBRT,
brachytherapy always plays an important role in determining
the final outcome for patients with an intact uterus. Thus,
IGBT is major approach that might be used to increase
therapeutic ratio. In this study, the control rate was
comparable to other international studies (2-10). Although
the mean total EQD2 of HR-CTV-D90 for IGBT group was
87.6 Gy10, the dose-response curve was not obvious.
Dimopoulos et al. studied a cohort of 141 patients with
cervical cancer treated with IGBT, and they suggested that
local control rates greater than 95% can be achieved when
the cumulative D90 for HR-CTV is 87 Gy or greater (27).
Above this dose, local failure rate was 4% (3 of 68)
compared to 20% (15 of 73) for doses less than 87 Gy.
Therefore, local control could be further optimized if dose
escalation through the implementation of interstitial implant
could be done in our practice. 

Using a variety of treatment schedules of IGBT, several
studies indicated the low rates of grade 3 and higher
complications ranged from 0% to 14% (2-9, 28). Except for
the historic data reported by Vienna group (28), there was a
paucity of studies comparing the late toxicities between

IGBT and 2DBT. In general, the cumulative rate of grade 2
or grade 3 and higher complications in 2DBT group were
similar to that of these studies (2-9). Despite the majority of
the urinary and rectal complications occurring within 2 to 3
years after the completion of therapy, the risk of developing
late bladder complications might occur up to 25 years after
treatment, as pointed out by Eifel et al. (29). Thus, a long-
term observational study is essential to verify the true
incidence of bladder complication. Interestingly, the mean
cumulative EQD2 of D2cc for the bladder in our IGBT
group was 67.1 Gy3, which was far less than the value of
101 Gy, which could result in a 10% risk of grade 2 or more
GU complications (28, 30). The disparity was due to the fact
that the strategy of bladder dilatation was not adopted during
our IGBT application. Given that the GI toxicities were not
remarkably elevated by this approach, it can become a
feasible method to minimize bladder dose.

The findings of this study should be interpreted cautiously
because they represent a retrospective study design in a single
institute. The median follow-up duration in the IGRT group
was shorter than that of the 2DBT group. Nonetheless, several
potential bias could be excluded when matching variables
between the groups, such as lymph node status or histological
types. In addition, although the benefit of the preferable dose
distribution was intensified by using IMRT, a routine
implementation of image-guided radiotherapy combined with
timely adaptive radiotherapy might be the best approach. By
reducing setup error and correcting for uncertainty after tumor
regression, these approaches allow a reduction in the margin
that is added to the CTV. In this way, the therapeutic index
ought to be promoted. Finally, implementation of a combined
interstitial-intracavitary applicator will be another approach to
optimize the treatment result (31). The use of additional
interstitial needles provides sufficient prescribed dose to
eccentric tumors, whereas the dose to OARs was within
standard limits for intracavitary brachytherapy alone.
Accordingly, a combination of high-quality IMRT and IGBT
will probably become a benchmarking guidance for the
treatment of advanced cervical cancer. 

In summary, this comparative study disclosed that primary
control was similar when comparing IGBT with 2DBT for
locally advanced cervical squamous cell carcinoma treated
in the IMRT era. However, the therapeutic ratio could be
increased by IGBT through minimizing the late toxicities.
The result will be helpful to institutions where the cost-
effectiveness of IGBT is a concern, particularly where
resources are limited. More long-term observational studies
are required to verify these findings. 
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Table IV. Cumulative rate of late gastrointestinal (GI) and genitourinary
(GU) toxicities according to treatment groups.

Variables                            2DBT (n=136)     IGBT (n=117)      p-Value*
                                                  n (%)                    n (%)

≥Grade 2 GI                          29 (21.3)               10 (8.5)             0.007 
≥Grade 3 GI                          14 (10.3)                 2 (1.7)             0.03 
≥Grade 2 GU                         16 (11.8)                 2 (1.7)             0.002 
≥Grade 3 GU                           6 (4.4)                   1 (0.9)             0.08 
≥Grade 2 GI or GU               39 (28.7)               12 (10.3)         <0.001 
≥Grade 3 GI or GU               19 (14.0)                 3 (2.6)             0.01 

2DBT, Two-dimensional brachytherapy; IGBT, image-guided
brachytherapy. *Categorical outcome for two groups were examined by
Chi-square test.
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Variables                                 ≥Grade 2 GI                            ≥Grade 2 GU                     ≥Grade 2 GI or GU                 ≥Grade 3 GI or GU 
                                               complications                           complications                           complications                           complications

                                    Univariate       Multivariate     Univariate       Multivariate      Univariate       Multivariate       Univariate        Multivariate

                                         p-Value p-Value  OR 95%CI p-Value  p-Value  OR  95%CI   p-Value  p-Value  OR  95%CI   p-Value  p-Value   OR    95%CI
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CI, Confidence interval; FIGO, International Federation of Gynecology and Obstetrics; 2DBT, two-dimensional brachytherapy; IGBT, image-guided
brachytherapy.
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