
Abstract. Background/Aim: There is an increasing demand
for preserving the fertility of young women impacted with
early-stage cervical cancer. The aim of this study is to
evaluate the oncological and reproductive outcomes of
abdominal radical trachelectomy (ART). Patients and
Methods: We retrospectively reviewed patients with FIGO
stageIA2-IB1 cervical cancer who underwent ART from 2007
to 2018. We also compared the oncological prognosis
between the patients who underwent ART and radical
hysterectomy (RH). Results: A total of 42 patients underwent
ART. During median follow-up 62.5 months, there were 4
(9.5%) recurrences and 1 (2.4%) death. As for tumors ≤2
cm, the 5-year recurrence-free survival (RFS) rate and
overall survival (OS) rate for patients who underwent ART
was similar to those who underwent RH (89.8% vs. 92.7%,
p=0.42 and 97.3% vs. 95.0%, p=0.44, respectively). Nineteen
patients attempted to conceive and seven of them were
successful. There was one case of a first-trimester
miscarriage, two cases of preterm delivery, three cases of
full-term delivery and one ongoing pregnancy. Conclusion:
ART could be a feasible alternative to RH for patients with
tumors ≤2 cm with comparable oncological outcome.

Cervical cancer is one of the most common cancers in
women of childbearing age (1). Due to effective and
widespread cervical cancer screening, there is now a
mounting number of younger women diagnosed with
relatively early stage cervical cancer (2). The traditional
treatment for early stage cervical cancer is radical
hysterectomy or radiotherapy, which have shown excellent
oncological outcome (3, 4); unfortunately, they also cause

the full loss of fertility. This is important because, in
developed countries, there is a growing trend among women
to delay child-bearing, meaning that an ever-increasing
number of young women diagnosed with cervical cancer is
facing the agonizing life-or-death decision to either have no
treatment or suffer a permanent loss of fertility without ever
having given birth to a child. Fertility preservation in these
young cervical cancer patients has now become an important
issue in gynecological practice. Radical trachelectomy is a
promising option for early cervical cancer treatment, as it
grants young patients both the necessary cancer control while
they can preserve their fertility for future pregnancy.

Since first published by Smith et al. in 1997 (5), more
than 1,000 cases of abdominal radical trachelectomy (ART)
have been reported with a favorable prognosis (6, 7). It is
now accepted that radical trachelectomy is a feasible
alternative to radical hysterectomy (RH) for early stage
cervical cancer in young women who desire to maintain their
fertility and have a satisfactory oncological and obstetrical
outcome. However, there are few reports of large numbers
of patients who underwent ART and the evidence of the
feasibility of ART is still limited.

To confirm the oncological and reproductive feasibility of
ART, we aimed to evaluate the surgical, oncological and
reproductive outcomes of patients who underwent ART at
our institution, and compare the oncological prognosis
between those who underwent ART and RH.

Patients and Methods
Study design. Following institutional review board approval
(No.10302-4), we conducted a retrospective review of all patients
who underwent ART and RH between January 2007 and December
2018 at our institution. The required inclusion criteria for ART cases
prior to operation were as follows: i) histologically confirmed
squamous cell carcinoma (SCC), adenocarcinoma (AC), or
adenosquamous carcinoma (ASC) of the cervix, ii) FIGO stage IA1
with lymph vascular space invasion (LVSI) to early IIA1 disease,
iii) tumor size ≤2 cm or exophytic tumor ≤3 cm of SCC histology,
iv) no evidence of endocervical involvement and at least 10mm
tumor-free margin from internal ostium of uterus on preoperative
MRI, v) no evidence of lymph node and distant metastasis on
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preoperative imaging, vi) reproductive age (≤45 years) and keen to
preserve fertility. We also retrospectively reviewed patients who
underwent RH within the same period and who met our eligibility
criteria for ART. This included patients who underwent conversion

to RH due to unfavorable intraoperative findings at initial ART.
Patient data was obtained from the database, including: i) age, ii)
gravidity, iii) past medical and obstetric history,iv) pathological
findings, v) surgical procedure details, vi) adjuvant therapy, vii)
fertility outcomes, and viii) results of follow-up. Prior to surgery,
all the patients were evaluated using pelvic MRI to assess the extent
of the endocervical extension, depth of stromal invasion, and
parametrium involvement (PI). CT was used to exclude lymph node
and distant organ metastasis. The tumor size was determined using
preoperative assessments, such as MRI or conization. Deep stromal
invasion (DSI) refers to a cervical stromal invasion >1/2.

Surgical procedures. All patients underwent an ART with pelvic
lymph node dissection. Suspicious nodes were sent for frozen-section
analysis. If a positive node was detected, the radical trachelectomy
was abandoned and a Piver class III RH was carried out.

In our institution, all procedures were performed by preserving
the uterine arteries. Frozen-section analysis of the endocervical
margin of the resected cervix and cytological analysis of the resected
margin of the remaining uterus were performed. If this evaluation
revealed a positive margin, patients underwent an immediate RH. A
cervical cerclage suture was performed for all patients.

Adjuvant therapy. Concurrent chemoradiotherapy was offered when
patients had at least two intermediate risk factors, such as Sedlis
criteria of LVSI, DSI or tumor size, or a high-risk factor for
recurrence, such as node metastasis or PI or positive margin (8).
Moreover, as reported previously, a combination chemotherapy of
taxane and platinum was allowed as an option for patients who had
a strong wish to preserve ovarian function (7-10).

Statistical analysis. Statistical analysis was performed using the
JMP software version 14.0 (SAS Institute, Cary, NC, USA).
Continuous variables were compared by Student’s t-test. The Mann-
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Table I. Summary of results.

ART (n=42) RH (n=173) p-Value

Median age (range) 34 (25-42) 58.5 (26-77) <0.001*
BMI 21.0 (16.6-36.6) 21.3 (13.8-32.5) 0.81
Stage, n (%) 0.08

I a2 5 (11.9%) 6 (3.5%)
I b1 35 (83.3%) 156 (90.2%)
II a1 2 (4.8%) 11 (6.4%)

Tumor size 0.07
≤2 cm 37 (88.1%) 128 (74.0%)
2-4 cm 5 (11.9%) 45 (26.0%)

Histology 0.004*
SCC 37 (88.1%) 107 (61.8%)
Adenocarcinoma 3 (7.1%) 51 (29.5%)
Adenosquamous 0 1 (0.6%)
Other 2 (4.8%) 14 (8.1%)

Median LN count 22 (6-42) 28 (6-63) 0.001*
LVSI, n (%) 16 (38.1%) 75 (43.4%) 0.60
DSI, n (%) 5 (11.9%) 62 (35.8%) 0.003*
PI, n (%) 0 9 (5.2%) 0.21
LN meta, n (%) 4 (9.5%) 18 (10.4%) 1.00
Median OR time, 443 (244-606) 384 (209-809) <0.001*
min

Median blood 920 (100-9100) 680 (0-3830) 0.02*
loss, ml

Intraoperative 0 8 (4.6%) 0.36
complications

Transfusion case 19 (45.2%) 66 (38.2%) 0.68
Ureteral injury 0 6 (3.5%) 0.60
Intestinal injury 0 1 (0.6%) 1.00
Vessels injury 0 1 (0.6%) 1.00

Postoperative 16 (38.1%) 65 (37.6%) 1.00
complications

Cervical stenosis 2 (4.8%) 0 NA
Bowel obstruction 4 (9.5%) 17 (9.8%) 1.00
Infected pelvic 8 (19.419.0%) 15 (8.7%) 0.09
lymphocyst

Incisions infection 2 (4.8%) 6 (3.5%) 0.66
Ureteral infection 3 (7.1%) 18 (10.4%) 0.77
Secondary 0 2 (1.2%) 1.00
hemorrhage

Vesicovaginal 0 3 (1.7%) 1.00
fistula

Adjuvant treatment 9 (21.4%) 63 (36.4%) 0.07
CCRT/RT 5 (11.9%) 58 (33.5%) 0.005*
Chemo 4 (9.5%) 9 (5.2%) 0.02*
Hysterectomy 3 (7.1%) 0 NA

ART: Abdominal radical trachelectomy; RH: radical hysterectomy;
BMI: body mass index; SCC: squamous cell carcinoma; LVSI: lymph
vascular space invasion; DSI: deep stromal invasion; PI: parametrium
involvement; LN: lymph node; OR: operating room; CCRT: concurrent
chemoradiotherapy; RT: radiotherapy; NA: not applicable; *indicates p-
value<0.05.

Table II. Tumor characteristics and adjuvant treatment in patients with
tumor size ≤2 cm in the two groups.

ART (n=37) RH (n=128) p-Value

Age, median (range) 34 (25-42) 46 (26-77) <0.001*
Stage, n (%) 0.38

I a2 4(10.8%) 6(4.7%)
I b1 31(83.8%) 116(90.6%)
II a1 2(5.4%) 6(4.7%)

Histology, n (%) <0.001*
SCC 33(89.2%) 63(49.2%)
Adenocarcinoma 3(8.1%) 50(39.1%)
Adenosquamous 0 1(0.8%)
Other 1(2.7%) 14(10.9%)

LVSI, n (%) 13(35.1%) 37(28.9%) 0.54
DSI, n (%) 3(8.1%) 25(19.5%) 0.14
PI, n (%) 0 3(2.3%) 1.00
LN meta, n (%) 4(10.8%) 5(3.9%) 0.12
Adjuvant treatment, n (%) 8(21.6%) 28(21.9%) 0.82

CCRT/RT 4(10.8%) 23(18.0%) 0.45
Chemo 4(10.8%) 6(4.7%) 0.01*
Hysterectomy 2(5.4%) 0 NA



Whitney U-Test was used when necessary. The associations between
the categorical data were assessed using the Chi-squared test.
Fisher’s exact test was used when necessary. The Kaplan-Meier
method and log-rank test were used to estimate recurrence-free
survival (RFS) and overall survival (OS). For all experiments, p-
Values lower than 0.05 were considered statistically significant.

Results

Demographic and pathological data. We identified 53
patients scheduled for ART. Eleven of these (20.8%) required
conversion to RH due to an unfavorable intraoperative frozen

section analysis, such as i) positive lymph node metastases
in two patients, ii) positive endocervical margins in six
patients and iii) DSI in three patients. The ART procedure
was completed in 42 patients. Meanwhile, 173 scheduled RH
were performed within the same period. Of these 173 RH
cases, 128 patients underwent abdominal RH and 45 patients
underwent laparoscopic RH.

Table I shows the patient characteristics and pathologic
data of these two groups. There were significant differences
in the i) median age, ii) histology, iii) DSI and iv) median
pelvic lymph node count between the two groups (p<0.01).
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Figure 1. Recurrence-free survival and overall survival in the two groups. ART: Abdominal radical trachelectomy; RH: radical hysterectomy; RFS:
recurrence-free survival; OS: overall survival.



There were 37 (88.1%) patients with tumors ≤2 cm and 5
(11.9%) with tumors larger than 2 cm but less than 4 cm in
the ART group, compared to 128 (74%) with tumors ≤2 cm
and 45 (26%) with tumors larger than 2 cm but less than 4
cm in the RH group (p=0.07). Thirty-seven (88.1%) patients
had a SCC, three (7.1%) had AC, and two others (4.8%) had
a rare histology in the ART group, whereas 107 patients had
SCC, 51 AC, one ASC and 14 others had a rare histology in
the RH group (p=0.004). There were 5 (11.9%) patients with
DSI in the ART group, and 62 (35.8%) patients with DSI in
the RH group (p=0.003). To confirm the clinical stage, 22

patients underwent a conization prior to radical
trachelectomy. Nineteen (86.4%) patients had no residual
lesion in their trachelectomy specimen.

Surgical data. Operative outcomes are summarized in Table
I. The median operating time was 443 min in the ART group,
compared to 384 min in the RH group (p<0.001). The median
blood loss was 920 ml in the ART group and 680 ml in the
RH group (p=0.021). There were no major intraoperative
complications in the ART group and the overall postoperative
complication rate was not significantly different between the
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Figure 2. Recurrence-free survival and overall survival in patients with a tumor≤2cm in the two groups. ART: Abdominal radical trachelectomy;
RH: radical hysterectomy; RFS: recurrence-free survival; OS: overall survival.



two groups. In the ART group, 8 (19%) patients had an intra
abdominal infection and 3 (7.1%) patients required a CT-
guided drainage for abscess. Four (9.5%) patients developed
bowel obstruction, two (4.8%) patients developed a cervical
stenosis which required cervical dilatation, and three (7.1%)
patients developed a urinary tract infection. No menstrual
irregularities were observed.

Adjuvant therapy. After ART, postoperative treatment was
recommended to nine (21.4%) patients due to unfavorable
pathological findings. Two of the 9 underwent definitive
chemoradiation, three underwent hysterectomy followed by
chemoradiation, and four (9.5%) underwent adjuvant
chemotherapy due to intermediate/high risk factor of
recurrence. Sixty-three (36.4%) patients received adjuvant
treatment after RH, 58 (33.5%) patients received concurrent
chemoradiotherapy or radiotherapy, and nine (5.2%) got
chemotherapy. The rate of patients who received adjuvant
treatment was not significantly different between the two
groups (p=0.07).

Oncological outcome. The median follow-up duration for
ART was 62.5 months (range=11-133 months) vs. 72.5
months (range=0-137 months) for RH (p=0.187). The mean
RFS and OS for the entire groups of ART and RH were 60
months (range=0-143 months) and 61 months (range=0-143),
respectively. Of the 42 patients who underwent ART, there
were four (9.5%) recurrences diagnosed and one (2.4%)
death due to recurrence. Among the five patients with tumors
larger than 2 cm but less than 4 cm, one patient recurred and
none of the patients died of cervical cancer. The 5-year RFS
and OS rate for patients who underwent ART was similar to
those who underwent RH (89.8% vs. 92.7%, p=0.42 and
97.3% vs. 95.0%, p=0.44, respectively). As for SCC tumors,
the 5-year RFS and OS rates for patients who underwent
ART were similar to those of the RH procedure (93.9% vs.
93.8%, p=0.95 and 97.0% vs. 94.0%, p=0.51, respectively)
(Figure 1).

Tumor size may affect the oncological prognosis (10,11).
We compared the oncological outcomes of a subset of

patients with tumors ≤2 cm between the two groups. The 5-
year RFS rate and OS rate for patients with tumors ≤2 cm
who underwent ART was similar to those who underwent
RH (91.2% vs. 93.4%, p=0.61 and 97.0% vs. 95.6%, p=0.72,
respectively). Concerning tumors ≤2 cm, there was
significant difference in the histology in terms of prognostic
factors between the two groups, therefore, we compared the
oncological prognosis of the SCC patients only, for which
the 5-year RFS and OS rates were, 93.2% and 96.7% for the
ART group, and 94.5% and 92.7% for RH group,
respectively (Figure 2). The pathological data and adjuvant
therapy for patients with tumors ≤2 cm in the two groups are
shown in Table II.

The details of recurrent cases is summarized in Table III.
Three recurred in the pelvis and one distally.

Fertility outcome. Of the 42 patients who underwent ART,
five lost ovarian function due to adjuvant chemoradiation.
Finally, 37 patients preserved their fertility. Nineteen
(51.3%) of these 37 patients subsequently attempted to
conceive and seven (36.8%) of them were successful. A
pregnancy was achieved spontaneously in five patients,
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Table III. Description of cases with recurrence.

Case Histology Risk factor DFI (months) Recurrence site Treatment Outcomes

Preope Postope

1 SCC Glassy 3 cm 3 Pelvis CCRT+S+CT NED
2 SCC SCC None 37 Lung S NED
3 AC AC None 14 Cervical stump S NED
4 SCC SCC LVSI, vaginal invasion 14 Pelvis S+CCRT+CT DOD at 33 m

DFI: Disease-free interval; SCC: squamous cell carcinoma; AC: adenocarcinoma; LVSI: lymph vascular space invasion; S: surgery; CCRT:
concurrent chemoradiotherapy; CT: chemotherapy; DOD: died of disease; NED: no evidence of disease.

Table IV. Reproductive outcomes.

Characteristics Values, n (%)

Fertility spared 37 (88.1%)
Attempt to conceive 19 (51.3%)
Pregnancy 7 (36.8%)

Spontaneous 5
ART 2

Miscarriage 1 (14.2%)
Delivery 5 (71.4%)

Preterm
<32 weeks 1 (14.2%)
32-36 weeks 1 (14.2%)

Term 3 (42.8%)
Ongoing 1 (14.2%)

ART: Assisted reproductive technology.



while two patients used a fertility treatment. There was one
case of a first-trimester miscarriage, five (71.4%) cases of
live birth, two cases of preterm delivery (one at 27 and one
at 35 weeks), three cases of full-term delivery, and one
ongoing pregnancy. All deliveries were performed by
cesarean section (Table IV).

Discussion

The key to a better acceptance of radical trachelectomy is to
show that an acceptable level of oncological safety is
maintained. To the best of our knowledge, only nine reports
have been published, which include more than 30 cases by
several institutions (Table V) (7, 9, 11-17). We hope the our
study validates the oncological safety and acceptable
reproductive outcome of ART.

In reviewing the literature, ART shows similar oncological
outcomes to RH, with a recurrence rate of 0% to 9.8% and
a mortality rate of 0% to 4.8% (6, 7, 9, 11-19). A recent
systematic review of ART has reported recurrence rates of
≤5% and mortality rates of ≤1.2% (6, 19). In our study, the
recurrence rate was 9.5% and the mortality rate was 2.4%.
The 5-year OS rate and RFS rate of patients with tumors ≤2
cm in our ART group was equivalent to those from the RH
group, which is consistent with previous reports (17, 18, 20,
21). Our results indicate that ART can be performed safely
in patients with tumors ≤2 cm.

There was a significant difference in histology between
the two surgical groups in terms of prognostic factors. The
number of SCC is greater in the ART group compared to the
RH group, whereas that of AC was greater in the RH group.
Whether or not non-SCC histology in early stage cervical
cancer is associated with a poor prognosis is unclear; some
researchers have reported that oncologic outcomes did not

differ between common histological types during early stage
cervical cancer (18, 20, 22). Considering the subset of
patients with tumors of SCC Histology, ART shows similar
oncological outcomes to RH in this study.

There is no conclusive indication for tumors >2 cm and
oncological safety remains controversial. Several researchers
have reported patients with tumor size >2 cm, associated with
a higher recurrence rate and are more likely to require
adjuvant treatment. A systematic review by Rob et al. has
reported a relapse rate of 1.9% in tumors ≤2 cm versus 20%
in tumors >2 cm (23). Wethington et al. have reported that
45% of their patients who had stage IB1 disease with 2-4 cm
size tumors required conversion to RH, due to positive nodal
metastasis, and 40% of them received adjuvant treatment (24).
The feasibility to expand the eligibility criteria of ART to
patients with tumors measuring 2-4 cm has been previously
suggested. In recent studies, the oncological outcomes of ART
patients appear equivalent to RH, with recurrence rates of less
than 6% and mortality rates less than 3% (6, 7, 21, 25-27). In
our study, only one out of the 5 patients with a tumor larger
than 2 cm and less than 4 cm developed recurrence and none
died of cervical cancer. Sufficient resection of paracervical
tissues comparable to those obtained by RH, as well as
appropriate adjuvant chemotherapy for high-risk patients, may
contribute to the recently improved oncological safety. Despite
this, overall experience is still limited and further studies are
needed. At present, fertility-sparing ART surgery should be
offered with great caution to these patients.

The obstetrical outcomes after ART have been reported to
be lower than for VRT (19, 23, 28). The pregnancy rates
among patients who attempt to conceive vary from 44% to
59.3% (6, 19, 29). In the present study, only 19 (51.3%)
patients attempted to conceive after ART, with seven (36.8%)
patients successfully becoming pregnant, which was slightly
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Table V. Literature review of abdominal radical trachelectomy.

Author (year) (Ref#) Planned ART Fertility Tumor Histology Relapses Deaths Pregnancies Miscarriages Births
ART done preserved size

≤2 cm >2 cm SCC AC Other

Ungar (2005) (12) 33 30 30 26 4 26 1 3 0 0 3 1 2
Nishio (2009) (9) 71 61 57 49 12 58 2 1 6 0 4 0 4
Wethington (2012) (13) 101 81 70 NA NA 40 54 7 4 0 31 9 16
Cao (2013) (4) 73 73 73 49 24 64 9 0 0 0 3 0 3
Tokunaga (2015) (14) 42 42 42 39 3 42 0 0 3 2 5 1 3
Viera (2015) (15) 58 50 50 NA NA 29 22 7 1 1 16 3 10
Okugawa (2017) (16) 89 89 89 NA NA 63 17 9 1 0 21 6 15
Guo (2018) (17) 143 143 143 68 75 111 28 4 4 3 30 20 10
Li (2019) (7) 387 333 333 201 132 271 51 11 11 5 NA NA NA
This paper 53 42 37 37 5 37 3 2 4 1 6 1 5

ART: Abdominal radical trachelectomy; SCC: squamous cell carcinoma; AC: adenocarcinoma; NA: not applicable.



lower compared to previous reports (6, 19). Four (57.1%)
pregnancies were delivered during the third trimester, which
seems to be an encouraging result.

Among the new approaches for cervical cancer surgery,
less radical surgery and minimally invasive surgery are being
evaluated for their feasibility to provide a fertility-sparing
surgery solution for women with early cervical cancer.

Several retrospective studies have stated that PI presents
less than 4% of cervical cancer patients with tumors ≤2 cm,
and less than 1% of patients with tumors ≤2 cm with no
LVSI/DSI/pelvic lymph node metastasis (30, 31). Less radical
fertility-sparing surgery was initially described by Rob et al.
in 2007 (32), and subsequent retrospective studies have
suggested that the oncological and obstetrical results of cone
resection or simple trachelectomy and pelvic lymph node
dissection are promising (6, 30, 33). In our series, 86.4% of
the patients who underwent diagnostic conization had no
residual lesion in the trachelectomy specimen. These patients
may be managed by a less radical surgery, such as simple
trachelectomy or conization and pelvic lymph node dissection.
Currently, three prospective studies: i) ConCerv, ii) the
SHAPE Trial, and the Gynecologic Oncology Group Protocol
278 are underway to evaluate the safety and feasibility of less
radical surgery for low-risk early cervical cancer (34-36).

A number of studies has shown that the oncological
outcome of minimally invasive radical trachelectomy is
equivalent to ART. A recent systematic review reported the
oncological result of 238 patients who underwent laparoscopic
radical trachelectomy with a relapse rate of 6% (6). Currently,
a large-scale retrospective study, the International Radical
Trachelectomy Assessment (IRTA), is evaluating the
feasibility of minimally invasive fertility-sparing surgery (37).

If these ongoing studies reveal favorable oncological
results, less radical or less invasive fertility-sparing surgery
may become an ever-improving option for selected patients
with early-stage cervical cancer who wish fertility
preservation.

A limitation in our study includes the relatively small size
and retrospective study design. A potential limit in the
present study is a selection bias, however, we sought to
control this issue by including only patients who have been
eligible for ART as our control. Despite these limitations, our
study provides additional evidence in favor of fertility-
sparing surgery.

In conclusion, ART has similar oncological outcomes as
RH in patients with tumors ≤2 cm and should be considered
as a feasible alternative to RH for selected patients with
early-stage cervical cancer. Alternatively, ART should be
offered with great caution to patients with tumors >2 cm.

Conflicts of Interest

None declared.

Authors’ Contributions
AY, EK, MK, KH, YU and KS analyzed the data and assisted with
data interpretation. AY and EK conceived the study, AY drafted the
manuscript, EK and YU contributed to discuss and review the final
manuscript. All Authors approved the final manuscript.

Acknowledgements 

The Authors would like to thank Dr. Gregory Buzard for English
language editing.

References

1 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA and
Jemal A: Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 68(6): 394-424, 2018. PMID:
30207593. DOI: 10.3322/caac.21492

2 Covens A, Rosen B, Murphy J, Laframboise S, DePetrillo AD,
Lickrish G, Colgan T, Chapman W and Shaw P: Changes in the
demographics and perioperative care of stage IA(2)/IB(1)
cervical cancer over the past 16 years. Gynecol Oncol 81(2):
133-137, 2001. PMID: 11330939. DOI: 10.1006/gyno.2001.6158

3 Meigs JV: Radical hysterectomy with bilateral pelvic lymph
node dissections; a report of 100 patients operated on five or
more years ago. Am J Obstet Gynecol 62(4): 854-870,1951.
PMID: 14885271. DOI: 10.1016/0002-9378(51)90175-5

4 Donato DM: Surgical management of stage IB-IIA cervical
carcinoma. Semin Surg Oncol 16(3): 232-235, 1999. DOI: 10.
1002/(sici)1098-2388(199904/05)16:3<232::aid-ssu7>3.0.co;2-y

5 Smith JR, Boyle DC, Corless DJ, Ungar L, Lawson AD, Del
Priore G, McCall JM, Lindsay I and Bridges JE: Abdominal
radical trachelectomy: a new surgical technique for the
conservative management of cervical carcinoma. Br J Obstet
Gynaecol 104(10): 1196-1200, 1997. PMID: 9333000. DOI:
10.1111/j.1471-0528.1997.tb10946.x

6 Bentivegna E, Gouy S, Maulard A, Chargari C, Leary A and
Morice P: Oncological outcomes after fertility-sparing surgery
for cervical cancer: a systematic review. Lancet Oncol 17(6):
e240-253, 2016. PMID: 27299280. DOI: 10.1016/S1470-
2045(16)30032-8

7 Li X, Li J, Jiang Z, Xia L, Ju X, Chen X and Wu X: Oncological
results and recurrent risk factors following abdominal radical
trachelectomy: an updated series of 333 patients: BJOG 126(9):
1169-1174, 2019. PMID: 30663205. DOI: 10.1111/1471-
0528.15621

8 Sedlis A, Bundy BN, Rotman MZ, Lentz SS, Muderspach LI and
Zaino RJ: A randomized trial of pelvic radiation therapy versus
no further therapy in selected patients with stage IB carcinoma
of the cervix after radical hysterectomy and pelvic
lymphadenectomy: A Gynecologic Oncology Group Study.
Gynecol Oncol 73(2): 177-183, 1999. PMID: 10329031. DOI:
10.1006/gyno.1999.5387 

9 Nishio H, Fujii T, Kameyama K, Susumu N, Nakamura M, Iwata
T and Aoki D: Abdominal radical trachelectomy as a fertility-
sparing procedure in women with early-stage cervical cancer in
a series of 61 women. Gynecol Oncol 115(1): 51-55, 2009.
PMID: 19646742. DOI: 10.1016/j.ygyno.2009.06.036

Yoshino et al: Outcomes of Radical Trachelectomy

5945



10 Abu-Rustum NR, Neubauer N, Sonoda Y Park KJ, Gemignani
M, Alektiar KM, Tew W, Leitao MM, Chi DS and Barakat RR:
Surgical and pathologic outcomes of fertility-sparing radical
abdominal trachelectomy for FIGO stage IB1 cervical cancer.
Gynecol Oncol 111(2): 261-264, 2008. PMID: 18708244. DOI:
10.1016/j.ygyno.2008.07.002

11 Wethington SL, Cibula D, Duska LR, Garrett L, Kim CH, Chi
DS, Sonoda Y and Abu-Rustum NR: An international series on
abdominal radical trachelectomy: 101 patients and 28
pregnancies. Int J Gynecol Cancer 22(7): 1251-1257, 2012.
PMID: 22914213. DOI: 10.1097/IGC.0b013e318263eee2

12 Ungár L, Pálfalvi L, Hogg R,Siklós P, Boyle DC, Del Priore G
and Smith JR: Abdominal radical trachelectomy: a fertility-
preserving option for women with early cervical cancer. BJOG
112(3): 366-369, 2005. PMID: 15713156. DOI: 10.1111/j.1471-
0528.2004.00421.x

13 Cao DY, Yang JX, Wu XH, Chen YL, Li L, Liu KJ, Cui MH,
Xie X, Wu YM, Kong BH, Zhu GH, Xiang Y, Lang JH and Shen
K: Comparisons of vaginal and abdominal radical trachelectomy
for early-stage cervical cancer: preliminary results of a multi-
center research in China. Br J Cancer 109(11): 2778-2782, 2013.
PMID: 24169350. DOI: 10.1038/bjc.2013.656

14 Tokunaga H, Watanabe Y, Niikura H, Nagase S, Toyoshima M,
Shiro R, Yokoyama Y, Mizunuma H, Ohta T, Nishiyama H,
Watanabe T, Sato N, Sugiyama T, Takano T, Takahashi F and
Yaegashi N: Outcomes of abdominal radical trachelectomy:
results of a multicenter prospective cohort study in a Tohoku
Gynecologic Cancer Unit. Int J Clin Oncol 20(4): 776-780,
2015. PMID: 25391812. DOI: 10.1007/s10147-014-0763-6

15 Vieira MA, Rendón GJ, Munsell M, Echeverri L, Frumovitz M,
Schmeler KM, Pareja R, Escobar PF, Reis RD and Ramirez PT:
Radical trachelectomy in early-stage cervical cancer: A
comparison of laparotomy and minimally invasive surgery.
Gynecol Oncol 138(3): 585-589, 2015. PMID: 26095894. DOI:
10.1016/j.ygyno.2015.06.023

16 Okugawa K, Kobayashi H, Sonoda K, Kaneki E, Kawano Y,
Hidaka N, Egashira K, Fujita Y, Yahata H and Kato K:
Oncologic and obstetric outcomes and complications during
pregnancy after fertility-sparing abdominal trachelectomy for
cervical cancer: a retrospective review. Int J Clin Oncol 22(2):
340-346, 2017. PMID: 27804040. DOI: 10.1007/s10147-016-
1059-9

17 Guo J, Zhang Y, Chen X, Sun L, Chen K and Sheng X: Surgical
and oncologic outcome of radical abdominal trachelectomy
versus hysterectomy for stage IA2-IB1 cervical cancer. J Minim
Invasive Gynecol 26(3): 484-491, 2019. PMID: 29908338.
DOI: 10.1016/j.jmig.2018.06.006

18 Diaz JP, Sonoda Y, Leitao MM Zivanovic O, Brown CL, Chi
DS, Barakat RR and Abu-Rustum NR: Oncologic outcome of
fertility-sparing radical trachelectomy versus radical
hysterectomy for stage IB1 cervical carcinoma. Gynecol Oncol
111(2): 255-260, 2008. PMID: 18755500. DOI: 10.1016/
j.ygyno.2008.07.014

19 Pareja R, Rendón GJ, Sanz-Lomana CM, Monzón O and
Ramirez PT: Surgical, oncological, and obstetrical outcomes
after abdominal radical trachelectomy - a systematic literature
review. Gynecol Oncol 131(1): 77-82, 2013. PMID: 23769758.
DOI: 10.1016/j.ygyno.2013.06.010

20 Zhang D, Li J, Ge H, Ju X, Chen X, Tang J and Wu X: Surgical
and pathological outcomes of abdominal radical trachelectomy

versus hysterectomy for early-stage cervical cancer. Int J
Gynecol Cancer 24(7): 1312-1318, 2014. PMID: 24987922.
DOI: 10.1097/IGC.0000000000000185

21 Li X, Li J, Wen H, Ju X, Chen X, Xia L, Ke G, Tang J and Wu
X: The survival rate and surgical morbidity of abdominal radical
trachelectomy versus abdominal radical hysterectomy for stage
IB1 cervical cancer. Ann Surg Oncol 23(9): 2953-2958, 2019.
PMID: 30663205. DOI: 10.1111/1471-0528.15621

22 Barquet-Muñoz SA, Cruz-Rodríguez E, Cantú De León DF, Isla-
Ortiz D, Montalvo-Esquivel G, Herrera-Montalvo LA, Pérez-
Plasencia C, Pérez-Montiel D and Herrera-Gómez Á: Histology
as prognostic factor in early-stage cervical carcinoma.
Experience in a third-level institution. Rev Invest Clin 69(5):
286-292, 2017. PMID: 29077701. DOI: 10.24875/ric.17002143

23 Rob L, Skapa P and Robova H: Fertility-sparing surgery in
patients with cervical cancer. Lancet Oncol 12(2): 192-200,
2010. PMID: 20619737. DOI: 10.1016/S1470-2045(10)70084-
X

24 Wethington SL, Sonoda Y, Park KJ, Alektiar KM, Tew WP, Chi
DS, Leitao MM Jr, Jewell EL, Barakat RR and Abu-Rustum NR:
Expanding the indications for radical trachelectomy: a report on
29 patients with stage IB1 tumors measuring 2 to 4 centimeters.
Int J Gynecol Cancer 23(6): 1092-1098, 2013. PMID: 23714706.
DOI: 10.1097/IGC.0b013e318296034e

25 Lintner B, Saso S, Tarnai L, Novak Z, Palfalvi L, Del Priore G,
Smith JR and Ungar L: Use of abdominal radical trachelectomy
to treat cervical cancer greater than 2 cm in diameter. Int J
Gynecol Cancer 23(6): 1065-1070, 2013. PMID: 23722476.
DOI: 10.1097/IGC.0b013e318295fb41

26 Li J, Wu X, Li X and Ju X: Abdominal radical trachelectomy:
Is it safe for IB1 cervical cancer with tumors ≥2 cm? Gynecol
Oncol 131(1): 87-92, 2013. PMID: 23872192. DOI: 10.1016/
j.ygyno.2013.07.079

27 Deng X, Zhang Y, Li D, Zhang X, Guo H, Wang F and Sheng
X: Abdominal radical trachelectomy guided by sentinel lymph
node biopsy for stage IB1 cervical cancer with tumors >2 cm.
Oncotarget 8(2): 3422-3429, 2017. PMID: 27926501. DOI:
10.18632/oncotarget.13788

28 Wu CJ, Chang WC, Chen CH, Chen CA, Huang SC and Sheu
BC: Radical trachelectomy for early stage cervical cancer: A
case series and literature review. Taiwan J Obstet Gynecol 56(2):
143-146, 2017. PMID: 28420497. DOI: 10.1016/j.tjog.
2016.05.014

29 Kasuga Y, Nishio H, Miyakoshi K , Sato S, Sugiyama J,
Matsumoto T, Tanaka K, Ochiai D, Minegishi K, Hamatani T,
Iwata T, Morisada T, Nakamura M, Fujii T, Kuji N, Aoki D and
Tanaka M: Pregnancy outcomes after abdominal radical
trachelectomy for early-stage cervical cancer: A 13-year
experience in a single tertiary-care center. Int J Gynecol Cancer
26(1): 163-168, 2016. PMID: 26512787. DOI: 10.1097/
IGC.0000000000000571

30 Ramirez PT, Pareja R, Rendón GJ, Millan C, Frumovitz M and
Schmeler KM: Management of low-risk early-stage cervical
cancer: should conization, simple trachelectomy, or simple
hysterectomy replace radical surgery as the new standard of
care? Gynecol Oncol 132(1): 254-259, 2014. PMID: 24041877.
DOI: 10.1016/j.ygyno.2013.09.004

31 Kasamatsu T, Ishikawa M, Murakami N, Okada S, Ikeda SI,
Kato T and Itami J: Identifying selection criteria for non-rasical
hysterectomy in FIGO stage IB cervical cancer. J Obstet

ANTICANCER RESEARCH 40: 5939-5947 (2020)

5946



Gynaecol Res 45(4): 882-891, 2019. PMID: 30672089. DOI:
10.1111/jog.13902

32 Rob L, Charvat M, Robova H, Pluta M, Strnad P, Hrehorcak M
and Skapa P: Less radical fertility-sparing surgery than radical
trachelectomy in early cervical cancer. Int J Gynecol Cancer
17(1): 304-310, 2007. PMID: 17291273. DOI: 10.1111/j.1525-
1438.2007.00758.x

33 Sopracordevole F, Chiossi G, Barbero M, Cristoforoni P,
Ghiringhello B, Frega A, Tortolani F, Boselli F, Clemente N and
Ciavattini A: Surgical approach and long-term clinical outcome
in women with microinvasive cervical cancer. Anticancer Res
34(8): 4345-4349, 2014. PMID: 25075069.

34 Schmeler KM, Frumovitz M and Ramirez PT: Conservative
management of early stage cervical cancer: is there a role for
less radical surgery? Gynecol Oncol 120(3): 321-325, 2011.
PMID: 21320670. DOI: 10.1016/j.ygyno.2010.12.352

35 Plante M: Radical versus simple hysterectomy and pelvic node
dissection in patients with low-risk early stage cervical cancer
(SHAPE) (NCT01658930). Clinical Trials.gov; (cited 2019 Dec
1). Available at: https://clinicaltrials.gov/ct2/show/NCT01658930

36 Covens A: Evaluation of physical function and quality of life
(QOL) before and after non-radical surgical therapy (extra fascial
hysterectomy or cone biopsy with pelvic lymphadenectomy) for
Stage IA1 (LVSI+) and IA2-IB1 (≤2CM) cervical cancer
(NCT01649089). Clinical Trials.gov; (cited 2019 Dec 1).
Available at: https://clinicaltrials.gov/ct2/show/NCT01649089

37 Salvo G, Ramirez PT, Leitao M Cibula D, Fotopoulou C,
Kucukmetin A, Rendon G, Perrotta M, Ribeiro R, Vieira M,
Baiocchi G, Falconer H, Persson J, Wu X, Căpilna ME, Ioanid
N, Mosgaard BJ, Berlev I, Kaidarova D, Olawaiye AB, Liu K,
Nobre SP, Kocian R, Saso S, Rundle S, Noll F, Tsunoda AT,
Palsdottir K, Li X, Ulrikh E, Hu Z and Pareja R: International
radical trachelectomy assessment: IRTA study. Int J Gynecol
Cancer 29(3): 635-638, 2019. PMID: 30765489. DOI:
10.1136/ijgc-2019-000273

Received June 9, 2020
Revised July 7, 2020

Accepted July 17, 2020

Yoshino et al: Outcomes of Radical Trachelectomy

5947


