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Objective: To provide updated evidence on comparative efficacy for clinical outcomes

of radical trachelectomy and radical hysterectomy in patients with early-stage

cervical cancer.

Methods: A systematic search was conducted in the PubMed, Scopus, Cochrane

Database of Systematic Reviews, and Google scholar databases. Studies were done in

patients with early-stage cervical cancer that compared the outcomes between radical

trachelectomy (RT) and hysterectomy (RH) were considered for inclusion in the review.

The outcomes of interest were operative time, the volume of blood loss, need for blood

transfusion, any complications, length of hospital stay, risk of recurrence, and survival.

The strength of association was presented in the form of pooled relative risk (RR), hazards

risk (HR), and weighted mean difference (WMD). Statistical analysis was done using

STATA version 16.0.

Results: A total of 12 articles were included in the meta-analysis. The majority were

retrospective cohort-based studies. Compared to RH, the operative time (in min) was

comparatively higher in RT (WMD 23.43, 95% CI: 5.63, 41.24). Patients undergoing RT

had blood loss (in ml) similar to those undergoing RT (WMD −81.34, 95% CI: −170.36,

7.68). There were no significant differences in the risk of intra-operative (RR 1.61, 95%

CI: 0.49, 5.28) and post-operative complications (RR 1.13, 95% CI: 0.54, 2.40) between

the two groups. Patients in the RT group had lesser duration of post-operative hospital

stay (in days) (WMD −1.65, 95% CI: −3.22, −0.09). There was no statistically significant

difference in the risk of recurrence (HR 1.21, 95% CI: 0.68, 2.18), 5-year overall survival

(HR 1.00, 95%CI: 0.99, 1.02), and recurrence-free survival (HR 0.99, 95%CI: 0.96, 1.01)

between the two groups.

Conclusion: Among the patients with early-stage cervical cancer, RT is similar to RH in

safety and clinical outcomes. Future studies with a randomized design and larger sample

sizes are needed to further substantiate these findings.
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INTRODUCTION

One of the most common causes of mortality in young women
aged 20–39 years is cervical cancer (1, 2). In 2018, cervical cancer
was ranked as fourth most frequently diagnosed cancer and was
attributed to an estimated 0.5 million cases and∼3,00,000 deaths
worldwide (3). With the widespread implementation of cervical
cancer screening programs, the proportion of people diagnosed
with early-stage cancer is increasing. Until recently, the preferred
treatment for such patients has been radical hysterectomy along
with lymphadenectomy (4). The downside to this management
modality is that fertility is compromised (4).

Radical trachelectomy (RT) consists of removing most of the
portion of the cervix and the upper part of the vagina (5).
As the uterus is left intact, there is a possibility of preserving
fertility. This is usually done for those with early-stage cancer,
that is, those with Stage IA1, stage IA2, and stage IB1 and
in those with lesions <2 cm and with a negative lymph node
metastasis status (6). The approaches to perform RT could be
vaginal or abdominal, and the procedure is usually accompanied
by pelvic node dissection (6, 7). In a recent systematic review
that analyzed 1,300 RTs, there were nearly 300 pregnancies with
173 live births reported (8). The review found a 3% risk of
cancer recurrence and the most reported complications were
miscarriage and chorioamnionitis (8). The review concluded that
RT could be a safe option for women with early cervical cancer to
preserve their fertility.

While there are studies comparing the clinical outcomes
between RH and RT, very few attempts have been done to
systematically synthesize the findings of these studies to derive
a meaningful interpretation of the comparative efficacy of
these two modalities. Prodromidou et al. compared outcomes
of abdominal RT and RH by pooling data from five studies
consisting of 840 women with early-stage cervical cancer (9).
The authors excluded data of all vaginal trachelectomies. They
noted a significantly prolonged operative time for RT compared
to RH, but the 5-year overall survival and disease-free survival
were similar between the two groups. Based on these findings, the
authors concluded that RT has a similar efficacy and safety profile
compared to RH and recommended the use of this technique for
women of reproductive age who wish to have future pregnancies
(9). Another recent review, using five studies, concluded that
RT, particularly the vaginal mode, is safe and effective for the
management of early-stage cervical cancer with lesion size of
<2 cm and negative tumor margins (10). However, with new
studies being published, there is a need to update the evidence
and therefore, the current meta-analysis was undertaken.

MATERIALS AND METHODS

Search Strategy
A thorough systematic search of English language articles
published until April 30, 2021, was carried out in electronic
search engines, such as PubMed, Scopus, Cochrane Database
of Systematic Reviews, and Google academic databases.
Supplementary Table 1 has the specific details of the search
strategy used to identify the relevant literature for this

meta-analysis. The literature search aimed at identifying studies
done in patients with early-stage cervical cancer that compared
the outcomes between trachelectomy and hysterectomy. The
outcomes of interest were operative time, volume of blood loss,
need for blood transfusion, any complications, length of hospital
stay, risk of recurrence, and survival. The study processes were
in compliance with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines.

Selection Criteria and Methods
The search strategy was executed in the databases mentioned.
Studies identified through these databases were compared and
duplicates were removed. Subject experts (QH, ZD) from the
study team screened the titles and abstracts as an initial step.
After removing the articles that were considered not useful for
inclusion in the review, the full texts of the remaining articles
were reviewed in detail. In case of any disagreements between
the two study authors with respect to the inclusion or exclusion
of studies, a third senior experienced author was consulted, and
consensus was reached through discussions. Only studies that
fulfilled the inclusion criteria were included in the meta-analysis.
In order to identify additional literature, the reference list of the
included studies was also reviewed.

Inclusion Criteria
Studies that were randomized controlled trials or adopted
a cohort approach or retrospective data-based studies were
considered for inclusion. For a study to be included, it
should have been done in patients with early-stage cervical
cancer and had compared the outcomes between trachelectomy
and hysterectomy. The outcomes of interest were operative
time, volume of blood loss, need for blood transfusion, any
complications, length of hospital stay, risk of recurrence,
and survival.

Exclusion Criteria
Review articles were excluded. Studies that did not provide data
on the outcomes of interest or did not compare the outcomes
between hysterectomy and trachelectomy were excluded.

Data Extraction and Quality Assessment
Through the use of a pretested data extraction sheet, two study
authors separately extracted data from the included studies.
The methodological assessment was done independently by the
two authors using the Newcastle–Ottawa Quality Assessment
Scale (11).

Statistical Analysis
This meta-analysis, using STATA version 16.0 (StataCorp),
reported effect sizes as pooled relative risk (RR) or hazards ratio
(HR) with 95% CI for categorical outcomes and weighted mean
difference (WMD) for continuous outcomes. I2 was used to assess
the heterogeneity and in instances where the value of I2 exceeded
40%, the random effects model was used (12). Sub-group analysis
was done based on the route of trachelectomy, that is, vaginal or
abdominal. For reporting statistical significance, a p < 0.05 was
considered. Egger’s test was employed to assess the presence or
absence of publication bias for categorical outcomes (13).
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FIGURE 1 | The selection process of the studies included in the review.

RESULTS

Selection of Articles, Study
Characteristics, and Quality of Included
Studies
Using the search strategy and after removal of the duplicates,

a total of 221 citations were retrieved (Figure 1). Screening

of the titles led to the removal of 153 studies. Of the

remaining 68 citations, 47 were omitted after reading the

abstract. The remaining 21 articles were reviewed in detail and

finally, 12 articles were included in the meta-analysis (14–25).
Supplementary Table 3 presents the details of the included
studies. All the studies were non-randomized and majority were

retrospective cohort-based studies (n = 6/12) followed by case-

control studies (n= 3/12).Most of the studies were done in China
(n = 4/12) followed by the United States (n = 2/12) and Japan

(n= 2/12). One study each was conducted in Canada, France, the

United Kingdom, and The Netherlands. Vaginal trachelectomy
was reported in four studies and abdominal trachelectomy was
reported in the remaining eight studies. A detailed description

of the surgical procedures adopted for radical trachelectomy or
radical hysterectomy in the included studies has been presented
in Supplementary Table 2. A need for adjuvant treatment, either
chemotherapy or radiation therapy or a combination of both, was
reported in less than one-third of the participants in most of the
included studies (Supplementary Table 2). Lymph node surgical
assessment was done in all the studies. Open surgical approach
to radical hysterectomy was used in most of the studies. Most of
the studies had a mean follow-up period of at least 36 months.

The results of the quality evaluation of the included studies are
provided in Supplementary Table 2. The included studies were
of good quality.

Operative Time and Blood Loss
Compared to radical hysterectomy (RH), the operative time
(in min) was comparatively higher in radical trachelectomy
(RT) (WMD 23.43, 95% CI: 5.63, 41.24; I2 = 96.0%, N = 10)
(Figure 2). In the subgroup analysis, the operative time was
similar for trachelectomy and hysterectomy when the approach
for trachelectomy was vaginal (WMD 15.21, 95% CI: −10.84,
41.27; I2 = 88.4%, N = 3). However, with the abdominal
approach for trachelectomy, the operative time was higher
compared to hysterectomy (WMD 26.67, 95% CI: 3.75, 49.59;
I2 = 96.9%, N = 7) (Figure 2).

With respect to blood loss (in ml), patients undergoing
radical trachelectomy had blood loss similar to those undergoing
radical hysterectomy (WMD −81.34, 95% CI: −170.36, 7.68;
I2 = 95.8%, N = 10) (Figure 3). In the subgroup analysis,
vaginal trachelectomy was associated with comparatively lesser
blood loss (WMD −315.94, 95% CI: −370.01, −261.87;
I2 = 21.7%, N = 3), whereas no significant difference
was noted between radical abdominal trachelectomy and
hysterectomy (WMD 24.81, 95% CI: −11.0, 60.62; I2 = 65.2%,
N = 7) (Figure 3).

Complication, Need for Blood Transfusion,
and Length of Hospital Stay
There were no significant differences in the risk of intra-
operative (RR 1.61, 95% CI: 0.49, 5.28; I2 = 46.1%, N = 6)
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FIGURE 2 | The pooled effect size for the operative time (in min) is based on comparison between radical trachelectomy and hysterectomy in patients with early-stage

cervical cancer.

and post-operative complications (RR 1.13, 95% CI: 0.54, 2.40;
I2 = 90.2%, N = 7) between RT and RH groups (Figure 4).
The risk of the need for blood transfusion was similar for both
RT and RH groups (RR 0.52, 95% CI: 0.20, 1.34; I2 = 62.0%,
N = 4) (Figure 5). However, those with RT had lesser duration
of post-operative hospital stay (in days) (WMD −1.65, 95%
CI: −3.22, −0.09; I2 = 98.2%, N = 5) (Figure 6). Egger’s test
did not indicate the presence of publication bias (P = 0.17
for risk of complications; P = 0.91 for risk of the need
for blood transfusion). In the subgroup analysis, there were
no differences in the risk of complications and need for
blood transfusion based on vaginal or abdominal trachelectomy
(Table 1). However, in those with vaginal trachelectomy, the
length of post-operative hospital stay was significantly lesser than
RH (WMD −3.53, 95% CI: −6.37, −0.69; I2 = 98.2%, N = 2),
but no such difference was noted for those with abdominal
trachelectomy (WMD −0.35, 95% CI: −1.09, 0.40; I2 = 67.5%,
N = 3) (Table 1).

Recurrence, 5-Year Overall Survival, and 5
Years Recurrence-Free Survival
There was no statistically significant difference in the risk of
recurrence among the two groups of patients (HR 1.21, 95% CI:
0.68, 2.18; I2 = 40.7%, N = 7). The 5-year overall survival (HR

1.00, 95% CI: 0.99, 1.02; I2 = 1.7%, N = 9) and recurrence-
free survival (HR 0.99, 95% CI: 0.96, 1.01; I2 = 0.0%, N = 8)
was similar in the two groups (Figure 7). Egger’s test did not
indicate the presence of publication bias (P= 0.35 for recurrence;
P = 0.19 for overall survival and P = 0.93 for recurrence-free
survival). In the subgroup analysis, the recurrence rate was higher
in those with vaginal (HR 2.99, 95% CI: 1.24, 7.18; I2 = 7.2%,
N = 3) but not in those with abdominal trachelectomy (HR
0.59, 95% CI: 0.27, 1.30; I2 = 0.0%, N = 4) (Table 1). The
5-year overall survival and recurrence-free survival were similar
for both vaginal and abdominal trachelectomy compared to
radical hysterectomy.

DISCUSSION

The current meta-analysis was conducted to provide updated

evidence on the safety and efficacy of radical trachelectomy,

compared to radical hysterectomy in patients with early-
stage cervical cancer. The available studies suggest that the

feasibility and success of conservative trachelectomy surgery
depends largely on the selection of the patients, personal history
(nulliparous or not), size of the tumor, as well as the status of
lymph node localization at the preoperative stage (26, 27). Our
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FIGURE 3 | The pooled effect size for the blood loss (in ml) is based on the comparison between radical trachelectomy and hysterectomy in patients with early-stage

cervical cancer.

review found an increased operative time in patients undergoing
RT compared to patients undergoing RH. The blood loss, rates
of complications, recurrence rate, 5-year overall survival, and
recurrence-free survival were similar among the two groups. RT
patients had a lower duration of post-operative hospital stay.
These results are similar to the previous reviews on this aspect
and add to the body of the already available evidence (9, 10).
Our findings underscore that in women of reproductive age with
early-stage cervical cancer, RT can be used in place of RH as a way
to preserve fertility.

The most optimal approach to RT, that is, vaginal or
abdominal, is still under research and is influenced by the
preferences and the skills of the gynecological surgeon. In our
sub-group analysis based on the approach of RT, the operative
time was higher with the abdominal approach. Vaginal approach
was associated with lesser blood loss and lesser duration of post-
operative hospital stay, but the rate of recurrence was also higher
compared to RH. These findings are somewhat similar to a
case-control study by Cao et al. (28) that compared outcomes
between vaginal and abdominal RT using a total of 150 women
with early cervical cancer and reported similar outcomes in both
groups. However, the rate of recurrence was higher in vaginal

RT (10%) compared to abdominal RT (no recurrence) and the
pregnancy rate was significantly higher in vaginal RT (around
40%) compared to abdominal RT (around 9.0%) (28).

One of the reasons for the higher rate of recurrence in
vaginal trachelectomy, compared to the abdominal route, might
be that performing trachelectomy through the vaginal route
requires the treating surgeon to have immense expertise and
skills in performing laparoscopic lymphadenectomy and vaginal
radical surgery (28). On the other hand, the skills, training, and
instruments required to conduct abdominal trachelectomy are
more or less similar to abdominal radical hysterectomy, and
therefore, many of the trained gynecological oncology surgeons
could perform this procedure with ease (29, 30). Furthermore,
studies have shown comparable rates of recurrence between
vaginal and abdominal RT in tumors with size ≤2 cm (28, 31).
However, in tumors >2 cm, the recurrence rates are higher for
the vaginal RT. In the study by Cao et al., no recurrence was
noted in the abdominal RT groups, whereas the recurrence rate
was higher in vaginal RT group (28). The authors noted that
the sites of recurrence were mainly located in the parametrium
tissue. The findings strongly suggests that one of themain reasons
for reduced recurrence in cases of abdominal RT, particularly in
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FIGURE 4 | The pooled effect size for the intra-operative and post-operative complications based on the comparison between radical trachelectomy and

hysterectomy in patients with early-stage cervical cancer.

FIGURE 5 | The pooled effect size for the need for blood transfusion based on the comparison between radical trachelectomy and hysterectomy in patients with

early-stage cervical cancer.
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FIGURE 6 | The pooled effect size for the length of post-operative hospital stay (in days) based on the comparison between radical trachelectomy and hysterectomy

in patients with early-stage cervical cancer.

TABLE 1 | Subgroup analysis based on the approach of trachelectomy (vaginal

and abdominal).

Pooled effect size with 95% confidence interval

Vaginal approach Abdominal approach

Intra-operative

complications

N = 2; I2 = 84.7%

RR 1.62 (95% CI:

0.10, 25.5)

N = 4; I2 = 0.0%

RR 1.74 (95% CI:

0.48, 6.34)

Post-operative

complications

N = 2; I2 = 77.0%

RR 0.53 (95% CI:

0.06, 4.52)

N = 5; I2 = 92.1%

RR 1.37 (95% CI:0.56, 3.34)

Need for blood

transfusion

N = 3; I2 = 74.6%

RR 0.45 (95% CI:0.11, 1.84)

N = 1

RR 0.66 (95% CI:0.20, 2.13)

Recurrence N = 3; I2 = 7.2%

HR 2.99 (95%

CI:1.24, 7.18)*

N = 4; I2 = 0.0%

HR 0.59 (95% CI:0.27, 1.30)

5-year survival rate N = 3; I2 = 0.0%

HR 0.98 (95% CI:0.96, 1.01)

N = 6; I2 = 0.0%

HR 1.01 (95% CI:1.00, 1.03)

5-year recurrence

free survival rate

N = 3; I2 = 32.0%

HR 0.98 (95% CI:0.95, 1.01)

N = 5; I2 = 0.0%

HR 0.99 (95% CI:0.96, 1.02)

Post-operative

stay

N = 2; I2 = 98.2%

WMD−3.53 (95% CI:

−6.37, −0.69)*

N = 3; I2 = 67.5%

WMD−0.35 (95% CI:

−1.09, 0.40)

*Significant at P < 0.05.

tumors with size more than 2 cm, could be the feasibility of being
able to access and remove wider parametrium (32).

A meta-analysis by Xu et al. included three clinical trials
(n = 587) and showed no statistically significant difference

between the RT and RH in recurrence rate, 5-year recurrence-
free survival rate, 5-year overall survival rate, intra- or post-
operative complications, and a need for blood transfusion (33).
Additionally, RT was associated with reduced blood loss and
shorter post-operative hospital stays. While these studies provide

an initial indication of merits and demerits of each of these

approaches, further randomized controlled trials with adequate
sample size and robust methodology are needed. In almost all the

included studies in the current meta-analysis, there was a mix

of patients with varied tumor histology. In the majority of the

studies, squamous cell carcinoma (SCC) was the most common
histologic type. HPV load is a possible prognostic marker of
high-grade squamous intraepithelial lesion and tropism of HPV
for squamous epithelial cells of the exocervix may be a factor

in favor of a conservative treatment with trachelectomy. Studies
have shown that the need for chemoradiation is higher in cases
of radical abdominal trachelectomy, as patients requiring this
management modality also have adverse prognostic factors (10,
34, 35). While chemoradiation could improve prognosis, it could
also adversely affect the reproductive organs and fertility.

One set of outcomes that we did not consider as part of this

meta-analysis was pregnancy-related outcomes. Prior evidence

has documented the overall pregnancy rate of around 16% after
RT, as well as a pregnancy loss rate of ∼20% and preterm
labor rate of ∼35% (36, 37). In a review by Willows et al.
that included 1,238 women with early-stage cervical cancer that
underwent RT (38), a total of 469 (37.8%) pregnancies were
reported and ∼65% of them resulted in live births (38). These
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FIGURE 7 | The pooled effect size for the recurrence, 5-year overall survival, and 5 years recurrence-free survival based on comparison between radical

trachelectomy and hysterectomy in patients with early-stage cervical cancer.

findings underscore the point that in women with early-stage
cervical cancer, who are still in their reproductive age group
and want to preserve their fertility, RT could be a possible
option. While RT has been shown, to some extent, to be
effective and safe in preserving the fertility in women with
small (under 2 cm in size) tumors, its efficiency in patients
with large tumors (size between 2 and 4 cm) is relatively less
studied. Few studies, such as those of Lintner et al. have
shown favorable outcomes, particularly for overall survival,
in patients with early-stage cervical cancer and with tumor
size larger than 2 cm (39). An important issue to note is

that most of these patients with large tumor sizes generally
require adjuvant chemotherapy or radiotherapy and therefore
will impact fertility negatively.

There are some limitations to this study. Most of the included
studies were observational in nature, and therefore some degree
of bias is expected. Furthermore, it is unclear whether the studies
reported the effect sizes after adjustment for all the potential
confounders. For some of the included studies, the baseline
comparability of the two groups was not established, and
therefore, the final outcomes could have been influenced by
these baseline differences. We observed a modest degree of
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heterogeneity for some of the outcomes. Therefore, we conducted
subgroup analysis by the approach for trachelectomy, that is,
vaginal or abdominal to minimize some of the heterogeneity
observed. Additionally, although the studies referred to early-
stage cervical cancer, most of them included a heterogenous
group of patients, that is, those with tumor size below 2 cm as
well as between 2 and 4 cm. Also, the studied population was
heterogenous in terms of tumor histology. The results were not
separated based on tumor size and different tumor histotypes.
It is well-known that the efficacy of radical trachelectomy is
best with tumor size ≤ 2 cm in largest diameter. Large tumors
have an unfavorable prognosis with respect to overall lymph
nodal metastasis, patient survival, and recurrence rate (40, 41).
This heterogeneity in patient tumor characteristics may make
the results difficult to interpret. Additionally, larger tumors
may often require adjuvant treatment, which may negatively
affect fertility. Not all the studies provided information on the
presence of micro- and macro-metastases and this prevents
proper interpretation of the pooled findings. As the studies
included were not randomized in design, there is a possibility that
radical hysterectomy (the current standard treatment modality)
was offered to patients with associated adverse prognostic factors,
thereby rendering the findings of the comparisons biased. Recent
evidence indicates that vaginal cuff closure reduces exposure to
the peritoneum and consequently reduces the risk of recurrence
(42, 43). Only a few studies in the included meta-analysis
provided information about vaginal cuff during the surgery.
Future studies should explore the role of the vaginal cuff in
early-stage cervical cancer. Another critical limitation of the
review is that the included studies did not report on the
fertility/pregnancy outcomes, particularly the rate of pregnancies
carried to term, and therefore, this aspect was not addressed
in this review. Patients undergoing trachelectomy may have an
increased number of complications during pregnancy, such as
cervical incompetence, implantation difficulties, miscarriages, or
premature births. Further studies and reviews are needed to

compare the possibility of having a full-term pregnancy between
the two treatment modalities.

CONCLUSIONS

The current meta-analysis of observational studies suggests
that radical trachelectomy could be similar to hysterectomy
in terms of clinical outcomes, such as blood loss, rates
of complications, recurrence rate, 5-year overall survival,
and recurrence-free survival. Radical trachelectomy should,
therefore, be considered in women of reproductive age who
wish to preserve their fertility. Future studies and reviews are
needed to focus on the chances of full-term pregnancy in patients
undergoing radical trachelectomy. There is a need for large
randomized controlled trials to further validate the findings of
this review.
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