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Abstract. The benefit of adjuvant hysterectomy after definitive 
concurrent chemoradiotherapy (CCRT) for locally‑advanced 
cervical cancer (LACC) is controversial. The purpose of the 
present study was to systematically search the literature and 
perform a meta‑analysis to compare overall survival (OS) 
and disease‑free survival (DFS) between patients subjected 
to CCRT with hysterectomy and those who underwent CCRT 
alone. The PubMed, Scopus, Embase and Google scholar 
databases were searched. A meta‑analysis to determine hazard 
ratios (HRs) and odds ratios (ORs) with meta‑regression 
was performed for the following moderators: Disease stage, 
histology and proportion of radical hysterectomy. Data from 
14 studies were included. The results indicated that patients 
who received CCRT with hysterectomy had significantly 
better OS (HR, 0.72; 95% CI, 0.56 to 0.91; I2=19%; P=0.007) 
and DFS (HR, 0.72; 95% CI, 0.56 to 0.93; I2=27%; P=0.01) 
than those treated with CCRT alone. However, in a subgroup 
analysis by study type, the results were significant only for 
retrospective studies but not for randomized controlled trials 
(RCTs). However, only 2 RCTs were included with small 
sample size, heterogeneity and low overall quality. Subgroup 
analyses based on the use of brachytherapy in the CCRT with 
hysterectomy group demonstrated no difference in OS and 
DFS between the two groups. Regarding the absolute numbers 
of death and recurrence events, no significant difference in 
mortality (OR, 0.91; 95% CI, 0.62 to 1.33; I2=0%; P=0.64) 
was determined between the two groups, but a significantly 

reduced incidence of recurrence was observed in the CCRT 
with hysterectomy group (OR, 0.61; 95% CI, 0.47‑0.79; I2=29%; 
P=0.0002). The meta‑regression results point to a significant 
influence of the proportion of stage II patients on OS. Despite 
the overall analysis indicating improved OS and DFS with the 
use of adjuvant hysterectomy after CCRT, subgroup analysis 
based on similar treatment protocols failed to demonstrate 
any significant benefit of hysterectomy in LACC. However, 
the results indicated that the recurrence rate may be higher 
in patients undergoing CCRT without hysterectomy. The 
limited quality of the studies included and selection bias from 
retrospective studies restrict the possibility to draw strong 
conclusions.

Introduction

Data from the recent GLOBOCAN report suggests that 
cervical cancer is the fourth most common malignancy in 
females worldwide and the second most common cancer type 
in low‑ and middle‑income countries (1). Globally, a total of 
569,847 new cases of cervical cancer were reported in 2018 
and an estimated 311,365 deaths (1). According to a recent 
systematic review on cervical cancer, it is one of the leading 
causes of death amongst females in developing countries (2).

According to the International Federation of Gynecology 
and Obstetrics classification, stage IB2, IIA2, IIB, IIIA, 
IIIB and IVA cervical cancer is defined as locally advanced 
cervical cancer (LACC) (3). The treatment of choice for 
patients with such a disease is definitive concurrent chemora‑
diotherapy (CCRT), consisting of external beam radiotherapy 
with concomitant platinum‑based chemotherapy and with or 
without further interstitial brachytherapy (4,5). Despite the 
better survival it achieves compared to radiotherapy alone, 
the 5‑year survival for patients remains ~70% (6). Completion 
or so‑called ‘adjuvant’ hysterectomy has been used after 
CCRT in certain patients to improve survival (7). However, no 
consensus over the benefit of such adjuvant surgery in LACC 
has been reached in the literature (8). Advocates of additional 
surgery argue that early hysterectomy leads to better disease 
control and avoidance of more extensive surgery, such as pelvic 
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exenteration, in the event of a future recurrence (7,9). On the 
other hand, adjuvant hysterectomy is not morbidity‑free and 
the rate of grade‑3 adverse events may be as high as 26.5% (8).

So far, two meta‑analyses have performed data syntheses in 
an attempt to provide evidence on the benefit of hysterectomy 
with CCRT for LACC. Shim et al (8) performed a meta‑anal‑
ysis of studies published until April 2016 and compiled 
survival and recurrence data from eight studies comparing 
CCRT with hysterectomy vs. CCRT alone. However, they only 
pooled the odds ratio (OR) data in their analysis. Shi et al (10) 
provided another meta‑analysis of studies published until 
August 2017, pooling eight studies that used both radiotherapy 
alone and CCRT with or without hysterectomy. Their study 
only analyzed survival data to obtain hazard ratios (HRs) 
without comparing recurrence rates. The publication of new 
studies since then (11,12) warrants a more comprehensive and 
updated analysis to guide clinicians treating LACC. Therefore, 
the purpose of the present study was to systematically search 
the literature and conduct a comprehensive meta‑analysis with 
meta‑regression to compare survival and recurrence between 
patients undergoing CCRT with hysterectomy and those 
undergoing CCRT alone.

Materials and methods

Inclusion criteria. The Preferred Reporting Items for 
Systematic Reviews and Meta‑analyses (PRISMA) (13) guide‑
lines were followed during the preparation of this review. The 
protocol of the study was, however, not registered. All types 
of peer‑reviewed studies conducted on patients with LACC 
i.e., stages IB2 to IVA, were included. The included studies 
compared groups of patients undergoing CCRT with hyster‑
ectomy with those undergoing CCRT alone and reported on 
overall survival (OS) and/or disease‑free survival (DFS) as 
outcome variables. Both groups of patients included patients 
who underwent brachytherapy, who had radical/simple hyster‑
ectomy and/or who had different histological types of LACC. 
Studies including other cancer stages such as IB1 or IVB were 
only considered if the overall percentage of patients with these 
stages was <10% of the study sample. The criteria for exclu‑
sion were as follows: i) Non‑comparative single‑arm studies; 
ii) studies using only chemotherapy or radiotherapy and not 
combined CCRT; iii) case series, case reports, letters to editors 
and abstracts; iv) non‑English language studies and articles 
with unavailable full‑text versions. In cases of studies with 
overlapping data, only the study reporting the largest dataset 
was included.

Search strategy. An electronic search of the PubMed, Scopus, 
Embase and Google scholar databases was performed. The 
last search was performed on the 20th of February, 2020. A 
total of two independent reviewers (CL, ZY) performed the 
database search using the following keywords in various 
combinations: ‘Cervical cancer’, ‘locally advanced cervical 
cancer’, ‘chemoradiotherapy’, ‘chemotherapy’, ‘radiotherapy’, 
‘surgery’, ‘hysterectomy’ and ‘brachytherapy’. The exact 
search terms and the number of results obtained are presented 
in Table SI. After the selection of studies, the bibliography of all 
included studies was manually checked to identify any studies 
missed during the digital search. First, two different reviewers 

(CL, ZY) screened the titles and abstracts of search records. 
After screening of abstracts, the full texts of relevant articles 
were extracted and assessed in detail based on the inclusion 
criteria. Any disagreements during the study selection process 
were resolved by discussion with the third reviewer (LG).

Data extraction and quality of included studies. A data 
abstraction form was used to extract the following details: 
Author name, publication year, study type, sample size, 
demographic data, LACC stage, histological type, lymph node 
metastasis, CCRT protocol, brachytherapy details, chemo‑
therapy regimen, hysterectomy type and timing, follow‑up 
and study outcomes. The primary outcomes of interest were 
the differences in OS and DFS between patients with LACC 
undergoing CCRT with hysterectomy and those undergoing 
CCRT alone using HRs. The secondary outcomes of interest 
were differences in mortality and recurrence (both local and 
distant) between the two groups by comparing ORs.

The Cochrane Collaboration Risk Assessment Tool was 
used to assess the risk of bias in randomized controlled trials 
(RCTs) (14). For non‑RCTs, the risk of a bias assessment tool 
for non‑randomized studies was used (15). For each domain, 
studies were graded as having low, high or unclear risk of bias.

Statistical analysis. The software Review Manager [version 5.3; 
Nordic Cochrane Centre (Cochrane Collaboration)] was used 
for the meta‑analysis. HR values for OS and DFS, as well 
as data on the absolute number of deaths and recurrences, 
were extracted from the studies included. In cases in which 
HR values were unavailable, they were extrapolated from 
Kaplan‑Meier survival curves using the Microsoft Excel 
sheet developed by Matthew Sydes and Jayne Tierney (16). 
The study estimates were then combined using inverse 
variance‑weighted averages of logarithmic HRs in a 
random‑effects model. Categorical data of mortality and any 
recurrences were summarized using the Mantel‑Haenszel OR 
with 95% confidence intervals (CI) in a random‑effects model. 
Heterogeneity was calculated using the I2 statistic. Based 
on I2 values, heterogeneity was classified as low (25‑50%) 
medium (50‑75%) or substantial (>75%). Subgroup analyses 
by study type and use of brachytherapy in the CCRT with 
hysterectomy group were performed using a random effects 
model. A sensitivity analysis was conducted to assess the 
influence of each study on the overall estimate by excluding 
one study at a time. Publication bias was assessed based 
on visual inspection of funnel plots only if >10 studies had 
been included in the analysis. In addition, a meta‑regression 
analysis was performed using a random‑effects model 
with Open MetaAnalyst software (17). The influence on 
the pooled effect size of the proportion of patients with 
stage IB2, stage II, stage III and squamous cell carcinoma 
(SCC), as well as the proportion of patients undergoing 
radical hysterectomy, were analyzed using a univariate 
meta‑regression analysis. Meta‑regression coefficients 
(Beta) with 95% CIs were calculated. Since logHR/logOR>0 
corresponds to HR/OR>1 and log HR/OR<0 corresponds to 
HR/OR<1, a negative meta‑regression coefficient indicates 
that HR/OR decreases as a given factor increases, and a 
positive coefficient indicates that HR/OR increases as a 
given factor increases.
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Results

Study selection. Fig. 1 presents the PRISMA flow chart of 
the search and selection process. Of the eligible records 
identified, 22 were subjected to full‑text review, eight of 
which (7,9,18‑23) were excluded for the following reasons: 
A total of two studies used only radiotherapy (22,23), two 
were non‑comparative studies (7,19), one study included a 
large cohort of patients with stage I cancer (21), one study 
evaluated patients with stage IVB cervical cancer (18), 
one study had duplicate data (9) and the full‑text of 
one study was unavailable (20). Finally, data from 
14 studies were included in this systematic review and 
meta‑analysis (11,12,24‑35).

Table I presents details of the included studies. Except for 
2 RCTs (31,32), all were retrospective cohort studies. From 
these 14 studies, the data of 1,224 patients undergoing CCRT 
and hysterectomy were compared with those of 2,635 patients 

undergoing CCRT alone. The sample size of the CCRT with 
hysterectomy groups ranged from 24 to 192 patients, while 
the sample size of the CCRT groups ranged from 30 to 
1,407 patients. The median age of the patients was ≥45 years 
in all studies. None of the studies reported any statistically 
significant differences in the distribution of cancer stages 
between the two groups. None of the studies reported any 
statistically significant differences in tumor histology between 
the two groups, except for one study (12). In addition, one 
study reported a significant difference in lymph node metas‑
tasis between the two groups at baseline (28). Furthermore, 
four studies (25,27,29,31) did not use brachytherapy in the 
CCRT with hysterectomy group and used the procedure only 
in the CCRT group. The chemotherapy regimens included 
mostly cisplatin (40 mg/m2 weekly) with certain variations 
across studies. Of note, two studies (29,33) carried out hyster‑
ectomies only in good responders, defined as patients with a 
decrease in tumor volume of at least 50% according to MRI on 

Figure 1. Study flow‑chart.
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CCRT completion, while one RCT (32) conducted hysterecto‑
mies only in complete responders (patients without residual 
disease). Most studies did not report data on the percentage 
of patients with residual disease after CCRT. Both simple and 
radical hysterectomies were used across studies at varying 
proportions.

Meta‑analysis. After pooling data from 12 studies, it was 
determined that patients receiving CCRT with hysterectomy 
had significantly better OS than those undergoing CCRT 
alone (HR, 0.72; 95% CI, 0.56 to 0.91; I2=19%; P=0.007; 
Fig. 2). The funnel plot did not indicate any gross asymmetries 
(Fig. S1). However, on subgroup analysis, the difference was 
significant only for retrospective studies (HR, 0.69; 95% CI, 
0.55‑0.87; I2=9%; P=0.002) but not for the two RCTs (HR, 
1.36; 95% CI, 0.27‑6.88; I2=67%; P=0.71; Fig. 2). Similarly, 
after dividing studies based on the use of brachytherapy in 
the CCRT and hysterectomy group, no statistically significant 
difference in OS was obtained in any of the subgroups (without 
brachytherapy: HR, 0.89; 95% CI, 0.57‑1.39; I2=0%; P=0.61; 
with brachytherapy: HR, 0.70; 95% CI, 0.49‑1.01; I2=33%; 
P=0.06; Fig. 3).

A similar pattern was obtained after pooling data from 
10 studies in a meta‑analysis for DFS. An overall significant 
effect in favor of CCRT with hysterectomy was determined, 
suggesting improved DFS with hysterectomy (HR, 0.72; 
95% CI, 0.56 to 0.93; I2=27%; P=0.01; Fig. 4). However, 
on subgroup analysis, the significant effect was restricted 
to retrospective studies only (HR, 0.68; 95% CI, 0.53‑0.88, 
I2=12%; P=0.003) with no significant differences in DFS in 
RCTs (HR, 1.10; 95% CI, 0.33‑3.63; I2=72%; P=0.88; Fig. 4). 
No evidence of publication bias was observed in the funnel 
plot (Fig. S2). After further dividing the studies based on the 
use of post‑CCRT brachytherapy in the CCRT with hyster‑
ectomy group, no differences in DFS were obtained between 
the two groups with the use of brachytherapy (HR, 0.78; 
95% CI, 0.55‑1.11; I2=39%; P=0.17) or without the use of 
brachytherapy (HR, 0.68; 95% CI, 0.41‑1.13; I2=43%; P=0.13; 
Fig. 5).

A total of seven studies reported data on the number of 
deaths in their study population. The mortality was 19.4% in 
the CCRT with hysterectomy group and 20.6% in the CCRT 
only group without any statistically significant differences 
(OR, 0.91; 95% CI, 0.62‑1.33; I2=0%; P=0.64; Fig. 6). Data 
on recurrence were provided by 13 studies. Pooled analysis 
indicated a statistically significant reduction in the incidence 
of recurrence in the CCRT with hysterectomy group (17.14 vs. 
26.96%; OR, 0.61; 95% CI, 0.47 to 0.79; I2=29%; P=0.0002; 
Fig. 7). Again, this result was significant only for retrospec‑
tive studies (OR, 0.56; 95% CI, 0.44‑0.72; I2=19%; P<0.0001) 
but not for RCTs (OR, 1.14; 95% CI, 0.40‑3.26; I2=49%; 
P=0.80; Fig. 7). The funnel plot did not indicate any gross 
asymmetries (Fig. S3). On further subgroup analysis based 
on the addition of brachytherapy in the CCRT with hyster‑
ectomy group, recurrence rates were significantly lower in 
the CCRT with hysterectomy group with brachytherapy (OR, 
0.63; 95% CI, 0.42‑0.94; I2=50%; P=0.03) and in the CCRT 
with hysterectomy group without brachytherapy (OR, 0.62; 
95% CI, 0.44‑0.88; I2=0%; P=0.007) than in the CCRT alone 
group (Fig. 8).
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Sensitivity and meta‑regression analysis. Both primary 
and secondary outcomes remained the same after each 
one‑at‑a‑time exclusion of singular studies. The influence of 
the proportion of patients with stage IB2, stage II, stage III, 
SCC and radical hysterectomy on the pooled effect size 
was analyzed. The results are presented in Table II. The OS 
was significantly influenced by the proportion of stage II 
patients. The log HR decreased as the proportion of stage II 
patients increased, indicating improved OS with CCRT and 
hysterectomy (Fig. 9).

Risk of bias analysis. Table SII presents the results of the 
assessments of the risk of bias in the RCTs and retrospective 
studies. The RCTs included failed to clearly describe random‑
ization, allocation concealment and blinding of outcome 
assessment. The trial of Cetina et al (31) had high number of 
patients lost to follow up Among the retrospective studies, the 
selection of participants was from multiple hospital settings 
in four studies (12,25‑27); only one study (34) performed 
baseline matching of study cohorts, while two studies (11,12) 
presented multivariate‑adjusted HRs.

Figure 2. Forest plot of overall survival for CCRT with AH vs. CCRT alone with subgroup analysis based on study type. CCRT, concurrent chemoradiotherapy; 
AH, adjuvant hysterectomy; RCT, randomized controlled trial; SE, standard error; IV, inverse variance; df, degrees of freedom.

Figure 3. Forest plot of overall survival for CCRT with AH vs. CCRT alone with subgroup analysis based on the use of brachytherapy in the CCRT with 
hysterectomy group. CCRT, concurrent chemoradiotherapy; AH, adjuvant hysterectomy; SE, standard error; IV, inverse variance; df, degrees of freedom.
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Discussion

The utility of additional surgery after CCRT for the manage‑
ment of LACC has remained under considerable debate in the 
gynecological literature for over two decades (7,18,22,23). 
While adjuvant hysterectomy has fallen out of favor in the 
USA (12), a French survey from 2016 reported that one‑third 
of academic centers still perform the procedure in patients 
with complete response to CCRT and negative paraaortic 
nodes (26). To date, two RCTs have been performed to compare 

outcomes for patients treated with or without hysterectomy 
after CCRT. A trial by Morice et al (32) in France conducted 
in 2003 included 61 patients but was closed early. The authors 
reported that since a majority of the treating physicians favored 
hysterectomies, they were reluctant to enroll patients for the 
trial. In another study, Cetina et al (31) did not obtain any differ‑
ences in OS or DFS when comparing patients with patients 
stage IB2‑IIB LACC undergoing external beam radiotherapy 
(EBRT) with chemotherapy followed by either hysterectomy 
or brachytherapy. Given the limitations of both of these RCTs, 

Figure 5. Forest plot of disease‑free survival for CCRT with AH vs. CCRT alone with subgroup analysis based on the use of brachytherapy in the CCRT with 
hysterectomy group. CCRT, concurrent chemoradiotherapy; AH, adjuvant hysterectomy; SE, standard error; IV, inverse variance; df, degrees of freedom.

Figure 4. Forest plot of disease‑free survival for CCRT with AH vs. CCRT alone with subgroup analysis based on study type. CCRT, concurrent chemoradio‑
therapy; AH, adjuvant hysterectomy; RCT, randomized controlled trial; SE, standard error; IV, inverse variance; df, degrees of freedom.
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numerous clinicians have reported their experience regarding 
the role of adjuvant hysterectomy, but by means of retrospective 
studies (11,12,24‑30,33‑35). The present review was performed 
to provide comprehensive and updated evidence on this subject.

The present analysis of all included studies points to 
significantly better OS and DFS in patients undergoing hyster‑
ectomy after CCRT. By contrast, a previous meta‑analysis by 
Shi et al (10) reported no difference in OS between the two 
groups (HR, 1.13; 95% CI, 0.91 to 1.41). This discrepancy 
may be attributed to two major reasons: First, the study by 
Shi et al (10) included only pooled data from eight studies 
and furthermore, in two of those studies, patients were only 
treated with radiotherapy without concurrent chemotherapy. 
The results of the present study, however, require to be inter‑
preted with caution considering the instability of the subgroup 
analyses. The pooled results of RCTs did not demonstrate any 

significant differences in OS or DFS. However, the results may 
not be reliable as only 2 RCTs were available for analysis both 
of small sample size. There was high inter‑study heterogeneity 
and low overall quality. The pooled analysis of retrospective 
studies did indicate a significantly improved OS and DFS in 
patients undergoing hysterectomy.

Brachytherapy after EBRT is an important element of 
CCRT. A combined dose of ≥80‑85 Gy of brachytherapy 
and EBRT is recommended for LACC (36). In the present 
review, four studies compared hysterectomy as an alterna‑
tive to brachytherapy after EBRT and chemotherapy. In the 
absence of brachytherapy, the total radiation dose in patients 
undergoing CCRT with hysterectomy was lower than that in 
patients receiving both EBRT and brachytherapy. This leads 
to baseline differences among these studies that are absent 
from the comparisons of studies utilizing brachytherapy for 

Figure 6. Forest plot of mortality rate for CCRT with AH vs. CCRT alone. CCRT, concurrent chemoradiotherapy; AH, adjuvant hysterectomy; M‑H, 
Mantel‑Haentzel; df, degrees of freedom.

Figure 7. Forest plot of recurrence rate for CCRT with AH vs. CCRT alone with subgroup analysis based on study type. CCRT, concurrent chemoradiotherapy; 
AH, adjuvant hysterectomy; RCT, randomized controlled trial; M‑H, Mantel‑Haentzel; df, degrees of freedom.
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both study groups. To eliminate such variation, a subgroup 
analysis was performed. No significant differences in OS or 
DFS were identified, irrespective of the use of brachytherapy 
in the CCRT and hysterectomy group. The insignificant results 
in these subgroups despite the significant results in the earlier 
total analysis may be due to the small number of studies pooled. 
In addition, the excluded data in the study by Albert et al (12) 
(which did not report data on brachytherapy), with the upper 
end of the 95% CI above 1 (HR, 0.64; 95% CI, 0.40 to 1.01) 
may have contributed to the insignificant results. It may be 
reasoned that the results of the present meta‑analysis with 
grouping based on the use of brachytherapy provides better 
evidence than the overall analysis, as studies with similar 
baseline treatment protocols were pooled in these subgroups.

After pooling data on the absolute number of deaths 
and recurrences, no significant difference in mortality was 
observed between the two study groups, but a significantly 
higher incidence of recurrence was determined in the CCRT 
only group. Shim et al (8) obtained similar results in their 

meta‑analysis, which also reported no differences in mortality 
(OR, 1.01; 95% CI, 0.58 to 1.78) but higher rates of recurrence 
(OR, 0.59; 95% CI, 0.44 to 0.79) in patients undergoing CCRT 
without hysterectomy than in those undergoing hysterectomy. 
On further subgroup analyses, the recurrence rates did not 
differ for the RCTs, probably due to the small sample size, 
and they remained significant on subgroup analyses based 
on the use of brachytherapy. Of note, the present analysis of 
DFS in the brachytherapy subgroup indicated a lack of differ‑
ence between the CCRT with hysterectomy and CCRT alone 
groups. This variation may be due to the addition of the study 
of Sun et al (30), which reported a significant difference in 
recurrence rates [CCRT with hysterectomy (16.6%) vs. CCRT 
alone (31.7%)] between the two groups, in the latter analysis.

One of the biggest limitations when assessing the benefit 
of adjuvant hysterectomy regarding clinical outcomes after 
CCRT is the influence of confounding factors. The bias is 
further amplified in the present results, as 12 of the 14 studies 
included in the analysis were retrospective in nature. Several 

Table II. Meta‑regression for proportion of moderator on the pooled effect size.

A, Overall survival (hazard ratio)

Moderator β Lower 95% CI Upper 95% CI SE P‑value

Stage IB2 0.000 ‑0.008 0.009 0.004 0.974
Stage II ‑0.007 ‑0.013 ‑0.000 0.003 0.044
Stage III 0.005 ‑0.000 0.011 0.003 0.069
SCC  0.007 ‑0.001 0.015 0.004 0.069
RH 0.008 ‑0.004 0.021 0.006 0.180 

B, Disease free survival (hazard ratio)

Moderator β Lower 95% CI Upper 95% CI SE P‑value

Stage IB2 0.008 ‑0.005 0.020 0.007 0.246
Stage II ‑0.004 ‑0.011 0.002 0.003 0.175 
Stage III 0.002 ‑0.004 0.007 0.003 0.525 
SCC  0.005 ‑0.001 0.011 0.003 0.121 
RH 0.006 ‑0.005 0.017 0.006 0.310 

C, Mortality (odds ratio)

Moderator β Lower 95% CI Upper 95% CI SE P‑value

Stage IB2 0.007 ‑0.010 0.023 0.008 0.424
Stage II 0.004 ‑0.009 0.017 0.007 0.507 
Stage III ‑0.004 ‑0.013 0.005 0.004 0.377 
SCC  ‑0.004 ‑0.030 0.023 0.014 0.792 
RH ‑0.005 ‑0.023 0.012 0.009 0.548

D, Recurrence (odds ratio)

Moderator β Lower 95% CI Upper 95% CI SE P‑value

Stage IB2 0.011 ‑0.001 0.023 0.006 0.079 
Stage II ‑0.004 ‑0.011 0.003 0.004 0.270 
Stage III 0.000 ‑0.006 0.007 0.003 0.926 
SCC  ‑0.000 ‑0.020 0.020 0.010 0.986 
RH 0.007 ‑0.007 0.020 0.007 0.334

SCC, squamous cell carcinoma; RH, radical hysterectomy; CI, confidence interval; SE, standard error. P‑values in bold denote significant results. β is the meta‑regression 
co‑efficient.
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factors, such as the presence of comorbidities, tumor size, tumor 
stage, histology, residual disease after CCRT and lymph node 
involvement may influence the decision to perform completion 
hysterectomy (11,12,24,27). Albert et al (12) demonstrated that 
patients with stage IIA2 disease were less likely to undergo 
hysterectomy, whereas patients with adenocarcinoma (which 
is not as radiosensitive as SCC and has worse prognosis 
than SCC) were more likely to undergo adjuvant surgery. 
Furthermore, the use of radical vs. simple hysterectomy 
may also influence survival and recurrence rates (37). In the 
meta‑regression analysis, a significant association between 
the proportion of stage II disease and OS was determined. 
The OS increased as the proportion of patients with stage II 

disease increased. This may be attributed to the fact that 
adjuvant hysterectomy after CCRT failure is easier to perform 
in patients with stage II disease and may thereby account for 
the better survival (10‑12). In addition, it was not possible to 
subdivide the present data according to the disease stage due to 
the lack of adequate data from the included studies. No other 
influence by the LACC stage, tumor histology or history of 
radical hysterectomy on the pooled effect size was observed.

The presence of residual disease after CCRT is a major 
concern and has been linked to local disease progression and 
poor OS (38,39). According to certain clinicians, adjuvant 
hysterectomy may remove residual tumor masses, thereby 
improving local control (11,25). Identification of patients with 

Figure 9. Meta‑regression plot for the influence of the proportion of patients with stage II locally‑advanced cervical cancer on the logarithmic HR of overall 
survival. Individual studies are denoted by circles. The diameter of the circle denotes the weight of the study. HR, hazard ratio.

Figure 8. Forest plot of recurrence rate for CCRT with AH vs. CCRT alone with subgroup analysis based on the use of brachytherapy in the CCRT with 
hysterectomy group. CCRT, concurrent chemoradiotherapy; AH, adjuvant hysterectomy; M‑H, Mantel‑Haentzel; df, degrees of freedom.
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residual disease after CCRT is generally based on clinical 
examination, MRI or cervical biopsy results (40,41). However, 
these methods are less accurate than surgical‑pathology 
confirmation. Yang et al (11) reported residual tumors in 
27.4% of patients after CCRT based on imaging studies in their 
cohort, but 64.1% of patients had residual tumor on the final 
post‑hysterectomy pathological examination. In the present 
study, no meta‑regression analysis was performed to assess the 
influence of post‑CCRT residual disease on pooled outcomes, 
as only six of the included studies had reported these data.

Of note, the present meta‑analysis had certain limitations. 
First, as discussed earlier, the results are mostly based on 
data from unmatched retrospective studies. The possibility 
of selection bias having influenced the present results cannot 
be ruled out. The HRs were only adjusted for confounding 
variables using multivariate regression analysis in two of the 
studies included (11,12). In addition, only two RCTs were 
included (31,32), which was insufficient to determine any 
significant differences. Furthermore, in most studies, HR 
values were extrapolated from Kaplan‑Meier survival curves 
and not from the original data. The calculation of data from 
survival curves is prone to errors (16). In addition, variations 
amongst the included studies in patient populations, and 
variables including CCRT doses, surgical techniques and 
follow‑up duration may have skewed the present. Therefore, 
a random‑effects model was used to account for such 
inter‑study variations. As another limitation, meta‑regression 
was not performed for all confounding factors, such as disease 
sub‑stages, lymph node metastasis or residual disease after 
CCRT due to lack of data. Finally, the quality of the included 
studies was not high, which limited our ability to draw strong 
conclusions.

However, compared to previous studies (8,10), the present 
review provides a significant update with the addition of six 
new studies. Both HR and OR data were pooled with appro‑
priate subgroup and meta‑regression analyses to provide a 
comprehensive review. The stability of the results according to 
the sensitivity analysis lends credibility to the present results.

To conclude, despite the overall analysis indicating 
improved OS and DFS with the use of adjuvant hysterectomy 
after CCRT, subgroup analyses of studies based on similar treat‑
ment protocols failed to demonstrate any significant benefit of 
hysterectomy post‑CCRT for patients with LACC. However, it 
was indicated that the recurrence rate may be higher in patients 
undergoing CCRT without hysterectomy. In addition, analysis 
of retrospective studies indicated significantly improved OS 
and DFS in patients undergoing hysterectomy compared with 
patients not undergoing the adjuvant surgery. The limited 
quality of studies and selection bias from retrospective data 
restrict our ability to draw conclusions. Further high‑quality, 
homogenous RCTs are required to derive stronger evidence. 
In addition, future studies should provide detailed analyses 
regarding the use of adjuvant hysterectomy based on different 
tumor histologies, tumor stages, amounts of residual disease 
and different doses of total radiotherapy to confirm or disprove 
the benefit of hysterectomy in these patients.
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