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Abstract
Background: To perform a systematic review and meta-analysis of the impact of brachytherapy (BT) technique (two-dimensional [2D] or three-dimensional
image-guided [3D]) on outcomes of cervical cancer patients.

Methods: PubMed and Embase databases were searched up to April 16, 2019, for studies which evaluated the effect of 3D-BT compared to 2D-BT in cervical
cancer, and endpoints included cumulative incidence of severe toxicity, locoregional recurrence-free survival (LRRFS), progression-free survival (PFS), and
overall survival (OS). Hazard ratios (HRs) were pooled in the meta-analysis using the random-effects model.

Results: Six studies of 8 cohorts were included in the quantitative synthesis. The pooled hazard ratio (HR) regarding toxicity was evaluated in 5 cohorts in 3
studies, and the HR of 3D-BT compared to 2D-BT was 0.54 (95% con�dence interval [CI], 0.37-0.77). All 6 studies were included for the synthesis for LRRFS,
and the pooled HR favors 3D-BT (0.61 [95% CI, 0.40-0.93]). For PFS, 3 studies were included for analysis and 3D-BT was superior to 2D-BT (HR = 0.75 [95% CI,
0.0.59–0.96]). Five studies were included for the pooled HR regarding OS, and pooled HR of 3D-BT compared to 2D-BT was 0.65 (95% CI, 0.40–1.06).

Conclusions: 3D-BT might reduce severe toxicity and improve LRRFS, and PFS in patients with cervical cancer. 3D-BT should be considered for standard
management of cervical cancer, and efforts for adopting this procedure in Korea should be pursued.

Background
Brachytherapy (BT) is an essential part of radiotherapy for managing cervical cancer from stage I to IV. BT allows for the delivery of a high dose of radiation
to the cervical tumor while sparing the adjacent organs at risk (OAR) due to the steep dose fall-off. For many decades, the standard dosimetric system for BT
planning and treatment was based on two-dimensional (2D) orthogonal imaging(1). The prescribed dose of 2D-BT does not adapt to the diverse anatomy and
tumor burden of individuals. As result, 2D-BT can lead to overtreatment for patients with small tumors, and undertreatment for those with large tumors. In
addition, 2D-BT does not precisely determine the radiation dose for OAR. Grade 3 or 4 toxicity following 2D-BT has been reported to range from 5–30% for
bowel and bladder domains(2–4).

New methods that take advantage of computed tomography (CT) or magnetic resonance imaging (MRI) have been used to develop three-dimensional image-
guided BT (3D-BT). In 2005, Groupe Européen de Curiethérapie/European Society for Therapeutic Radiology and Oncology (GEC-ESTRO) published the
guideline for 3D-BT(5). GEC-ESTRO evaluated 3D-BT in locally advanced cervical cancer in an international study (Image guided intensity modulated External
beam radiochemotherapy and MRI based adaptive BRAchytherapy in locally advanced CErvical cancer, EMBRACE). The EMBRACE I study reported local
failure of 6.5% (crude rate) with median follow-up of 25 months(6). Grade 3 or 4 late rectal morbidity was also limited below 2% of the patients(7). In addition,
a prospective trial comparing 2D-BT and 3D-BT, the French Soutien aux Techniques Innovantes et Coûteuses (STIC), concluded that 3D-BT improved local
control with half the toxicity observed with 2D-BT(8).

3D-BT has been broadly adopted in the radiation oncology �eld for treatment of cervical cancer(9). However, only a limited number of centers perform 3D-BT
in Korea, and even more, 2D-BT is only available in 32.5% of radiation oncology centers(10). Due to the low national health insurance reimbursement, most BT
centers suffer a de�cit for operating BT, and the proportion of centers offering BT have decreased since 2006. In this circumstance, 3D-BT is di�cult to adopt
due to the cost. Delays in adopting 3D-BT result in disadvantages for cervical cancer patients who might could bene�t from 3D-BT. To foster the wide
untilization of 3D-BT in Korea, we performed a systematic review and meta-analysis to evaluate the impact of 3D-BT on toxicity and survivals compared to
those of 2D-BT in cervical cancer patients.

Methods
The present systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines(11).
The research question of the present meta-analysis was as below: “Would 3D-BT reduce severe toxicity and improve survival outcomes compared to those of
2D-BT in patients with cervical cancer?”

Literature search
PubMed and Embase databases were searched up to April 16, 2019. Search queries included synonyms of “cervical cancer”, “brachytherapy”, “toxicity”, and
“survival” as the following (cervical OR cervix) AND (cancer OR carcinoma) AND (3D OR “image guided” OR image-guided OR adaptive OR 2D OR
conventional) AND BT AND (toxicity OR morbidity OR survival OR control). There was no language restriction. The references of retrieved articles were also
checked to search the additional relevant studies.

The inclusion criteria was based on the Patient/Intervention/Comparator/Outcome/Study design (PICOS) criteria (11): (1) “patients” with cervical cancer; (2)
3D-BT as the “intervention”; (3) 2D-BT as the “comparator”; (4) cumulative incidence of severe toxicity (≥ grade 3), locoregional recurrence-free survival
(LRRFS), progression-free survival (PFS), and overall survival (OS) as “outcome”; and (5) “study design” as original articles or brief report. The exclusion
criteria were as follows: (1) not in the �eld of interest, (2) containing information on single BT technique, and (3) planning study without clinical information.

Data extraction and quality assessment
A standardized form was used to extract (1) study characteristics including �rst author, year of publication, institution, period of enrollment, study design
(prospective or retrospective/consecutive enrollment), number of groups, and number of patients; (2) clinicopathological characteristics including age,
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pathology, stage, toxicity scoring system, and follow-up period; and (3) treatment characteristics including aim of radiotherapy (de�nitive or perioperative), rate
of concurrent chemotherapy, dose/technique of external beam radiotherapy (EBRT), modality of 3D image guidance, use of interstitial BT, and rate/dose of BT.
If published articles did not provide data for quantitative analyses, we contacted to the authors individually.

The methodological quality of included studies was assessed using the Quality in Prognostic Studies (QUIPS) tool(12). Two independent reviewers performed
literature selection, data extraction, and quality assessment. If there was any discrepancy, it was resolved via discussion.

Statistical Analysis
The endpoints were cumulative incidence of severe toxicity, LRRFS, PFS, and OS. Severe toxicity was de�ned as an adverse event grade ≥ 3 using Common
Terminology Criteria for Adverse Event (CTCAE) or Radiation Therapy Oncology Group and the European Organization for Research and Treatment of Cancer
(RTOG/EORTC) criteria. Locoregional recurrence was de�ned as any recurrences in the planning target volume. Progression-free survival de�ned as the �rst
relapse either locoregional or as a distant failure. OS was de�ned as death from any cause.

Hazard ratios (HRs) were used for comparisons between 2D-BT and 3D-BT. HRs with 95% con�dence intervals (CIs) from univariate Cox regression were
extracted. When Kaplan–Meier curves were presented, HRs and their CIs were extracted using Engauge Digitizer version 10.4
(http://markummitchell.github.io/engauge-digitizer/) and methodology by Tierney et al.(13).

The HRs were pooled using the random-effects model. Heterogeneity was evaluated with Higgins I2(14) and Cochran’s Q(15). The power of the Cochran’s Q is
low in some circumstances such as small numbers of included studies, so that cut-off for the p-value is 0.1, not 0.05(16). Funnel plots and Egger′s test were
performed to assess publication bias(17). Statistical analyses were done using “metafor” package in R (R Foundation for Statistical Computing, version
3.4.3). P-values < 0.05 were considered statistically signi�cant.

Results

Study characteristics
Figure 1 describes the study selection process. The initial literature search retrieved 1410 articles, of which 12 articles were considered potentially eligible.
After full-text review, six articles were excluded as they described planning studies without clinical data. Ultimately, six original articles were included(8, 18–
22). Study characteristics, clinicopathological factors, and treatment are summarized in Tables 1 and 2. The sole prospective study by Charra-Brunaud et al.
included three different groups and reported results from each; we pooled their results separately in all analyses(8). Lin et al. compared 2D-EBRT/2D-BT and
intensity modulated radiotherapy (IMRT)/3D-BT(22).We included these results in the meta-analysis, but not that 8% of the patients in the IMRT/3D-BT arm
actually received 2D-BT with IMRT. Derks et al. divided patients who underwent 3D-BT into separate cohorts: with and without interstitial needles(21). As the
majority of patients included in the other 5 studies did not use needles for 3D-BT, we included the cohort without needles for 3D-BT arm (n = 60). The median
age was early �fties (range, 47–68). The majority of patients had squamous cell carcinoma at stages I-III. The shortest follow-up period was about 24 months
in two studies(8, 20), while the others reported follow-up time over 44 months. The aim of treatment was mostly de�nitive, and rate of concurrent
chemotherapy varied. EBRT dose was 45-50.4 Gy in 23–28 fractions, and 2D/3D conformal/IMRT techniques were used. Extended �eld radiotherapy covering
the para-aortic area was also performed for selected patients according to the study protocol. MRI was more commonly used for imaging than CT for 3D-BT.
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Table 1
Study and clinicopathological characteristics of studies included in meta-analysis.

Study characteristics Clinicopathological characteristics

First
author

Year Institution Enrollment
period

Study
design

No. of
group(s)

No. of
patients

Median
age
(year)

Pathology,
SqCC (%)

FIGO Stage
(%)
I/II/III/IV

Toxicity
scoring
system

Median
follow-
up
(months)

Kang
[18]

2010 National
Cancer
Center, South
Korea

2001–
2005

R 1 230 58 90 16/63/16/5 RTOG/EORTC 50

Charra-
Brunaud
[8]

2012 Multicenter,
France

2005–
2007

P 1 165 48/47a

(2D/3D)
67 90/10/0/0 CTCAE 3.0 24.3

2 305 49/48a 80 10/80/10/0

3 235 56/53a 67 7/63/30/0

Rijkmans
[19]

2014 Leiden
University
Medical
Center,
Netherlands

2000–
2012

R 1 126 56 80 19/58/23(III-
IV)

CTCAE 3.0 45.3

Thomas
[20]

2017 University of
Texas
Southwestern
Medical
Center, USA

2009–
2014

R 1 71 NR NR 32/41/24/3 CTCAE 4.0 NR
(reported
2-year
survival)

Derks
[21]

2018 Catharina
Hospital,
Netherlands

1997–
2009

R 1 126 68/50
(2D/3D)

85 26/53/21(III-
IV)

CTCAE 4.03 44/50
(2D/3D)

Lin [22] 2019 Washington
University
School of
Medicine,
USA

1997–
2013

R 1 600 50 86 33/41/25/1 CTCAE 3.0 127.2

2D, two-dimensional; 3D, three-dimensional; CTCAE, Common Terminology Criteria for Adverse Events; FIGO, The International Federation of Gynecology
and Obstetrics; LRFS, local recurrence-free survival; LRRFS, locoregional recurrence-free survival; No., number; NR, not reported; OS, overall survival; P,
prospective; PFS, progression-free survival; R, retrospective; RT, radiotherapy; RTOG/EORTC, Radiation Therapy Oncology Group (RTOG) and the European
Organization for Research and Treatment of Cancer (EORTC); SqCC, squamous cell carcinoma; USA, United States of America

aData reported as mean values
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Table 2
Characteristics of treatment

First
author

Aim of
treatment

Rate of
CCRT
(%)

EBRT
dose
(Gy/fx)

EBRT
technique

Rate of
EFRT
(%)

Method of
image
guidance

Use of
interstitial
needles (%)c

Dose
rate of
BT

Dose of BT

Kang [18] De�nitive 86 45/25 2D or 3D
conformal

8 MRI 100% 0 HDR Median total dose to
point A, EQD210 Gy
82.1/81.8 (2D/3D)

Charra-
Brunaud
[8]

Postoperative 1 Not
performed

4-�eldb 0 MRI 18%, CT
82%

0 LDR or
PDR

Mean total dose to
point A, Gy
61.4/64.7 (2D/3D)

Preoperative 94 45/25 7 0 LDR or
PDR

64.7/62.6

De�nitive 84 45/25 22 0 LDR or
PDR

68.5/70.8

Rijkmans
[19]

De�nitive 52 45-
50.4/23–
28

2D or 3D
conformal

NR MRI 87%, CT
13%

13 LDR or
HDR

Mean BT boost dose to
point A, Gy
27.6/20.8/20.8 (2D-
LDR/2D-HDR/3D-HDR)

Thomas
[20]

De�nitive 100 NR 3D
conformal
or IMRT

NR CT 100% 0 HDR Mean total dose to
point A, Gy
90/80.9 (2D/3D)

Derks [21] De�nitive 73 45–50/25 3D
conformal
or IMRT

NR MRI 100% 66a HDR HR-CTV D90, EQD210
Gy
NR/85.3 (2D/3D)

Lin [22] De�nitive 89 50.4/28 2D or IMRT 15.3 MRI 74%, CT
18%

0 HDR or
LDR

Routine boost dose to
point A, Gy
NR/39/39 (2D-LDR/2D-
HDR/3D-HDR)

2D, two-dimensional; 3D, three-dimensional; BT, brachytherapy; CT, computed tomography; CCRT, concurrent chemoradiotherapy; EBRT, external beam
radiotherapy; EFRT, extended-�eld radiotherapy; EQD210, biologically equivalent dose in 2-Gy fractions, α/β = 10; fx, fractions; HDR, high dose rate; HR-CTV
D90, the minimum dose received by 90% of the high-risk clinical target volume; LDR, Low dose rate; MRI, magnetic resonance imaging; NR, not reported;
PDR, pulsed dose rate

aCohort treated with interstitial needles was not included in quantitative analyses.

bDid not specify whether they utilized 2D or 3D conformal technique.

c Proportion in 3D-BT group.

There was one study that provided local recurrence-free survival as de�ned by relapse occurring in primary cervical lesion instead of LRRFS, which also
included relapse occurring in nodal area(8), and another study which did not provide clear de�nition of local control(20). However, both were also included for
LRRFS analysis with �exibility. The additional survival outcomes of Kang et al. were obtained by personal communication(18).

Quality assessment
Figure 2 presents risk of bias assessment using the QUIPS tool. For selection bias, two studies had moderate risk, as the study populations were enrolled
retrospectively and did not report consecutive enrollment(19, 21). Two trials did not provide drop-out information, so that they had moderate risks of attrition
bias(8, 22). Regarding prognostic factor measurement, one study had a moderate risk of bias as it did not report continuous variables for age, follow-up time,
or information on major clinicopathological factors such as pathology and EBRT dose(20). For outcome measurement, one study had a moderate risk of bias,
because of an unclear de�nition of local control(20). Regarding confounding bias, two studies had a moderate risk as no multivariate analysis was
performed(20, 21). All the studies had a low risk of statistical analysis bias.

Cumulative incidence of severe toxicity
The HR of 3D-BT compared to 2D-BT regarding cumulative incidence of ≥ grade 3 toxicity was evaluated in 5 cohorts in 3 studies (Fig. 3a). The other 3
studies were excluded for meta-analysis, since they did not provide time-to-event data; instead, they evaluated the crude incidence rate of severe toxicities after
2D- and 3D-BT. Rijkmans et al. found lower toxicity rates after 3D-BT (7.3%) compared to 2D-BT (21.4%, p = 0.04)(19), and Thomas et al. also demonstrated
signi�cantly lower gastrointestinal and vaginal (≥ grade 2) toxicity rates in patients who received 3D-BT than in those receiving 2D-BT(20). Derks et al. did not
provide P-values, but reported superiority of 3D-BT with respect to toxicity (2D vs. 3D, 17% vs. 6%)(21).

The pooled HR signi�cantly favoring 3D-BT compared to 2D-BT was 0.54 (95% CI, 0.37–0.77). No heterogeneity was present in all subgroup analyses (I2 = 0%)
and P-value also was not signi�cant (p = 0.47). Publication bias was not de�nitely present upon visual assessment of the funnel plot (Fig. 4a) and was not
signi�cant using Egger’s test (p = 0.290).
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Locoregional recurrence-free survival
Eight cohorts in 6 studies were included for the pooled HR for LRRFS (Fig. 3b). The HR of 3D-BT was 0.61 (95% CI, 0.40–0.93) compared to 2D-BT. Moderate
heterogeneity was found (I2 = 45%) and P-value was also 0.08 which represented signi�cant heterogeneity. A funnel plot was provided in Fig. 4b, and the P-
value from the Egger’s test was 0.783, so that there was no signi�cant publication bias.

Progression-free survival
For the HR regarding PFS according to BT technique, 3 studies were evaluated for meta-analysis (Fig. 3c). Derks et al. did not report PFS(21), and the other
two excluded studies did not provide su�cient data(8, 19). Charra-Brunaud et al. did not report signi�cantly higher PFS in 3D-BT compared to 2D-BT(8), while
Rijkmans et al. reported superior 3-year PFS in 3D-BT (83%) compared to 2D-BT (49%, p < 0.01)(19).

The pooled HR of 3D-BT was 0.75 (95% CI, 0.0.59–0.96) compared to 2D-BT. No heterogeneity was present in the analyses (I2 = 0%), and P-value was 0.63.
Funnel plot was demonstrated in Fig. 4c, and p-value of Egger’s test was 0.941. Publication bias was not signi�cant.

Overall survival
The impact of 3D-BT for OS was assessed in 5 studies (Fig. 6). The sole excluded study was Charra-Brunaud et al. because of the paucity of data for meta-
analysis; they reported similar OS between 2D-BT and 3D-BT groups (p = 0.27)(8).

Pooled HR of 3D-BT compared to 2D-BT was 0.65 (95% CI, 0.40–1.06), and moderate heterogeneity was found (I2 = 66%). P-value was also signi�cant (p = 
0.02). Visual assessment of the funnel plot was provided in Fig. 4d and p-value of Egger’s test (p = 0.781) showed that there was no signi�cant publication
bias.

Discussion
The present study demonstrated that 3D-BT seemed to reduce severe toxicity and improve LRRFS and PFS for cervical cancer patients when compared to 2D-
BT with HR of 0.54 (95% CI, 0.37–0.77), 0.61 (95% CI 0.40–0.93), and 0.75 (95% CI 0.59–0.96), respectively. 3D-BT had no impact on OS (HR 0.65, 95% CI
0.40–1.06).

The effect of 3D-BT was most evident in reducing toxicity. Although half of the six studies were not included for meta-analysis for toxicity, the excluded
studies also reported meaningful reductions of ≥ grade 3 toxicity in 3D-BT patients. The toxicity outcomes of previous EMBRACE studies evaluating MRI
based 3D-BT have shown favorable results. The 2-year actuarial probability of severe vaginal morbidity was 3.6%, which was less than has been reported
from earlier studies of ~30%(4, 23). Likewise, late severe rectal toxicities were rare (1.7%), and they were strongly related to dosimetric parameters (e.g., )
which available through 3D image guidance(24). The incidence of women diagnosed with cervical cancer in their 20s has increased from 1993 through
2002(25), and the younger population tends to be more affected by severe toxicity owing to their long life expectancy, so the rapid introduction of 3D-BT
should be needed.

LRRFS was also considerably improved with 3D-BT, and this might contribute to the improvement of PFS. These results seem reasonable, since 3D imaging
may be more likely to have su�cient radiation dose coverage for primary cervical tumors. The previous RetroEMBACE study also reported excellent 3-year
local control of 91% and pelvic control of 87%(26). This was 10% improvement of pelvic control compared to that of a historical 2D-BT cohort. A recent
EBRACE report also found that nodal failure rate after concurrent chemoradiotherapy and 3D-BT was 11%, with a median follow-up time of 34 months, and
one quarter of which were diagnosed with simultaneous local recurrence(27).

The present study failed to show the improvement of OS in patients treated with 3D-BT compared to 2D-BT. However, there should be a group of patients who
might have improved OS with 3D-BT, such as patients with bulky primary tumors. The majority of the patients included in the present study utilized
intracavitary BT consisted of tandem and ovoid/ring sources. Only a few patients received interstitial BT using needles. The guideline from the American
Brachytherapy Society recommends high-dose rate interstitial BT for patients with bulky tumors, a narrow vaginal apex, inaccessible cervical os, tumor
invasion to the lateral parametria or pelvic sidewall, and extension to the lower vagina(28). As multiple needle insertions for bulky or advanced tumor are
needed, it is more invasive than intracavitary BT, making 3D imaging is essential. Interstitial BT could be more widely utilized, and could lead to improvement
of OS.

In addition, ~ 40% of patients included in the present meta-analysis received CT based 3D-BT. MRI provides superior soft tissue delineation compared with CT,
so that there has been a concern that target volume might different between CT and MRI (29, 30). A previous planning study compared CT and MRI guided
brachytherapy, and resulted in that CT planning may compromise target volume coverage and increase OAR dose (29). Increasing the use of MRI based
brachytherapy also could lead the improvement of survival and toxicities.

Use of 3D-BT does carry added cost compared to 2D-BT. Not only costs for cross-sectional imaging, but also additional time, the availability of imaging
machines, and longer planning time should be taken into consideration. Therefore, cost-effectiveness could be another issue. A cost-effectiveness analysis
performed in the United States using a Markov state transition model based on 3-year survival estimates and severe complication rates from the previous
studies concluded that 3D-BT is a cost-effective option compared to 2D-BT, and supporting the routine use of 3D-BT in locally advanced cervical cancer(31).
Although the exact costs differ between the United States and Korea, the result suggests that adoption of 3D-BT could save medical costs.

With the growing evidence, 3D-BT is becoming a new standard worldwide. In the United States, there was an increased percentage of using CT for BT from
55–95%) or MRI for BT from 2–34% between 2007 and 2014(32). A 2015 survey in Japan found that only 16% of facilities had adopted 3D-BT, but 53% of
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facilities had plans to adopt 3D-BT in the future(33). However, adoption of 3D-BT in Korea is limited due to low medical reimbursement(10). Apart from EBRT,
BT is another independent treatment modality which has advantages of rapid dose fall-off around the radioactive sources. There have been attempts to
replace the BT boost to EBRT in cervical cancer, but they resulted in worsening of survival by 12%(34). BT could be applied to other cancers in addition to
cervical cancer, such as for malignancies in the prostate, breast, head and neck, respiratory tract, and digestive organs. Re-irradiation also could be performed
with escalating doses with BT compared to EBRT.

There were several limitations in this meta-analysis. First of all, a majority of the studies included were retrospective trials, which might lead to an
overestimation of pooled HRs. Also, all retrospective studies were limited by shorter follow-up time in 3D-BT patients compared to 2D-BT patients.
Furthermore, the number of studies for meta-analysis was small, and due to the lack of provided data, only 3 studies were included for meta-analysis of
cumulative incidence of toxicity and PFS. The characteristics were varied among the studies (Tables 1 and 2), and analyses for LRRFS and OS had moderate
heterogeneity. Meta-regression analysis could be used to evaluate the impact of these factors; however, it was impossible in the present study due to the
limited number of studies and available data. In addition, this was not an individual patient data meta-analysis. Lastly, patients included in the 3D-BT group
tended to receive more advanced EBRT techniques such as 3D conformal or IMRT. Although well designed large randomized controlled studies are warranted
to con�rm the present �ndings, so far, the present study is the �rst systematic review and meta-analysis of clinical outcomes of patients with cervical cancer
who have received 3D-BT or 2D-BT.

Conclusions
3D-BT might be a better option for the patients with cervical cancer than 2D-BT in terms of toxicity, LRRFS, and PFS. 3D-BT is becoming the new standard care
for cervical cancer, and introduction of 3D-BT is an urgent task for radiation oncology centers in Korea.
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Figure 1

Flow diagram showing the study selection process.
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Figure 2

Assessment of risk of bias using the Quality in Prognostic Studies (QUIPS) tool.
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Figure 3

Forest plots for hazard ratios comparing 3D-brachytherapy (3D-BT) to 2D-brachytherapy (2D-BT) regarding (a) cumulative incidence of severe toxicity, (b)
locoregional recurrence-free survival, (c) progression-free survival, (d) and overall survival.

Figure 4

Funnel plots representing hazard ratios of brachytherapy technique (3D versus 2D) regarding (a) cumulative incidence of severe toxicity, (b) locoregional
recurrence-free survival, (c) progression-free survival, (d) and overall survival.


