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Purpose: The study aimed to explore the survival outcomes of early-stage cervical cancer
(CC) patients treated with laparoscopic/abdominal radical hysterectomy (LRH/ARH).
Patients and Methods: We performed a retrospective analysis involving women who had
undergone LRH/ARH for CC in early stage during the 2013-2015 period in West China
Second University Hospital. The survival outcomes and potential prognostic factors were
evaluated using Kaplan—-Meier method and Cox regression analysis, respectively.

Results: A total of 678 patients were included in our analysis. The overall survival (OS) and
progression-free survival (PFS) between the ARH (n=423) and LRH (n=255) groups achieved no
significant differences (p=0.122, 0.285, respectively). However, in patients with a tumor diameter >4
cm, the OS of the LRH group was significantly shorter than that of the ARH group (p=0.017).
Conversely, in patients with a tumor diameter <4 cm, the LRH group had a significantly longer OS
than the ARH group (p=0.013). The multivariate Cox analysis revealed that International Federation
of Gynecology and Obstetrics stage, histology, parametrial invasion, and pelvic lymph node invasion
were independent prognostic factors for OS and PFS, whereas surgical method was not a statistically
significant predictor of OS (p=0.806) or PFS (p=0.236) in CC patients.

Conclusion: LRH was an alternative to ARH for surgical treatment of CC patients with a
tumor diameter <4 cm. However, for the patients with a tumor diameter >4 cm, priority
should be given to ARH.

Keywords: cervical cancer, laparoscopy, hysterectomy, prognosis

Introduction

Cervical cancer (CC) ranks as the fourth most common female malignancy worldwide,'
with 12,820 new cases and 4210 deaths reported in America in 2017.% Radical hyster-
ectomy with pelvic lymphadenectomy, either laparotomy (open surgery) or laparoscopy
(minimally invasive surgery), was recommended as the standard surgical treatment for
stage [A2-1IA CC patients according to the guidelines of National Comprehensive Cancer
Network and European Society of Gynaecological Oncology.>* Although laparoscopic
radical hysterectomy (LRH) has been widely adopted in CC patients over the past few
decades, the oncologic safety of LRH in treating CC patients compared with abdominal
radical hysterectomy (ARH) remains questionable.”® Several studies have demonstrated
that neither LRH nor ARH had a significant impact on the survival outcomes in patients
with early-stage CC.”'> However, a recent prospective, randomized trial showed that
minimally invasive radical hysterectomy was associated with lower rates of disease-free
survival (DFS) and overall survival (OS) than open ARH among women with early-stage
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CC." The study shed light on the inferiority of minimally
invasive radical hysterectomy and is of great significance in
the surgical treatment of patients with early-stage CC.

Nevertheless, it is an important task to judge the super-
iority and inferiority of different surgical approaches for
CC. Given that many factors such as the experience of the
surgeon, selection of patients, or HIV infection can affect
the survival outcomes, we are wondering whether the sur-
vival outcomes of LRH are inferior to ARH at our hospital
which carries out hundreds of hysterectomy and lymphade-
nectomy operations a year. Consequently, the goal of this
study is to explore the therapeutic value and survival out-
comes of LRH for patients with early-stage CC.

Materials and methods

Between January 2013 and December 2015, 687 patients
who had undergone LRH/ARH with stage 1A2-IIA CC
were retrospectively reviewed. All the operations were per-
formed by six surgeons in our hospital who possessed con-
siderable experience conducting the two foregoing
procedures. The surgeon’s preference and ultimately the
patient’s decision determine the surgical approach that will
be utilized. Patients were included in our analysis if all the
following criteria were fulfilled: 1) adult patients diagnosed
with CC; 2) patients had a disease stage of IA2, IB (IB1 and
1B2), or ITA (ITA1 and ITA2), according to the staging system
of the International Federation of Gynecology and Obstetrics
(FIGO);'* and 3) patients received laparoscopic or abdom-
inal Piver—Rutledge type III'° radical hysterectomy and lym-
if they had

incomplete medical recordings or irregular follow-up.

phadenectomy. Patients were excluded

The documented variables, including demographic, clin-
ical, as well as pathological information, are summarized in
Table 1. The tumor diameters were clinically defined. The
pathological diagnoses were dichotomized as squamous cell
carcinoma, adenocarcinoma, adenosquamous carcinoma,
and others. Patients who had a large tumor size or who
were assessed to be challenging to perform the primary
surgery would receive neoadjuvant chemotherapy (NAC).
Patients would receive postoperative radiochemotherapy if
the postoperative pathological results showed: 1) negative
lymph nodes with sizeable primary tumor, deep stromal
invasion, and/or lymphovascular space invasion (LVSI); 2)
positive pelvic nodes and/or positive surgical margin and/or
positive parametrium; and 3) positive para-aortic lymph
nodes with no distant metastasis. The primary outcome of
interest was overall survival (OS), which was derived from
the date of operation to the date of death or the last follow-up.

Another outcome was progression-free survival (PFS),
which was derived from the date of operation to the date of
the first tumor recurrence.

All statistical analyses were performed using SPSS
software, version 20.0 (IBM Corp, Armonk, NY, USA).
After confirming the normality by Shapiro—Wilks test, the
Mann—Whitney U test and the Chi-square test were used
for the comparison of continuous and categorical vari-
ables, respectively. The OS and DFS curves were gener-
ated and compared by Kaplan—Meier method and log-rank
test. Univariate and multivariate analyses were evaluated
by Cox-proportional hazards regression model. Statistical
significance was set at a two-sided p-value<0.05.

Results

Patient characteristics

A total of 678 patients were enrolled in our study, of which 423
patients had received ARH and 255 patients had received LRH
for the treatment of CC. The median age of patients was 42
years (range, 23—77), and the median body mass index (BMI)
was 21.6 kg/m* (range, 16.4-36.7) in the ARH group. The
median age and BMI were 44 years (range, 21-69) and
222 kg/m® (range, 16.4-37.5), respectively, in the LRH
group. After evaluating the associations between surgical
method and clinicopathologic variables, significant differences
were found between the ARH and LRH groups in BMI, length
of hospital stay, operative time, estimated blood loss, tumor
diameter, FIGO stage, deep stromal invasion, and vaginal
invasion. Additionally, no significant between-group differ-
ences were observed in age, NAC, histology, parametrial
invasion, LVSI, positive surgical margins, pelvic lymph node
(PLN) invasion, paraaortic lymph node (PALN) invasion, and
postoperative radiochemotherapy (Table 1).

Survival outcomes

During a median follow-up period of 47 months (range, 1-60),
the ARH group experienced a recurrence rate of 12.6% and a
death rate of 9.2%, while the LRH group experienced a
recurrence rate of 10.4% and a death rate of 5.0%. The survival
analysis indicated that there were no significant differences
detected between the ARH and LRH groups in OS (HR=0.61,
95% CI 0.32-1.15, p=0.122) and PFS (HR=0.77, 95% CI
0.47-1.25, p=0.285), as presented in Figure 1.

Subsequently, we divided the patients into two sub-
groups according to the tumor diameter, which was
thought to be closely related to survival outcomes. The
results showed that the LRH group had a significantly
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Table | The characteristics of patients
Variable ARH group LRH group p-value
n=423 n=255

Age, years 42 (23-77) 44 (21-69) 0.095
BMI, kg/m? 21.6 (16.4-43.6) 22.3 (16.4-39.5) 0.002
Length of hospital stay, days 9 (544) 7 (4-25) <0.001
Operative time, mins 210 (100-510) 220 (115-440) 0.007
Estimated blood loss, mL 500 (50-2500) 200 (20-1500) <0.001
NAC 71 (16.8) 34 (13.3) 0.229
Tumor diameter

<4 cm 334 (79.0) 234 (91.8) <0.001

24 cm 89 (21.0) 21 (8.2)
FIGO stage

1A2 31 (7.3) 29 (11.4) <0.001

B 234 (55.3) 184 (72.2)

A 158 (37.4) 42 (16.4)
Histology

Squamous 360 (85.1) 206 (80.8) 0.097

Adenocarcinoma 37 (8.7) 30 (11.8)

Adenosquamous 16 (3.8) 6 (2.3)

Others 10 (2,4) 13 (5.1)
Deep stromal invasion 233 (55.1) 102 (40.0) <0.001
Vaginal invasion 68 (l6.1) 24 (94) 0.014
Parametrial invasion 26 (6.1) 16 (6.3) 0.947
Positive surgical margins 5(1.2) 4 (1.6) 0.936
LvsI 185 (43,7) 96 (37.6) 0.119
PLN invasion 72 (17.0) 36 (14.1) 0.317
PALN invasion 8 (1.9) | (0.4) 0.933
Postoperative radiochemotherapy 311 (73.5) 183 (71.8) 0.618

Note: Values are presented as median (range) or number (%).

Abbreviations: ARH, abdominal radical hysterectomy; LRH, laparoscopic radical hysterectomy; BMI, body mass index; NAC, neoadjuvant chemotherapy; FIGO,
International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; PLN, pelvic lymph node; PALN, paraaortic lymph node.

shorter OS than the ARH group in the patients with a
tumor diameter >4 c¢cm (HR=3.36, 95% CI 1.16-9.68,
p=0.017). Conversely, in patients with a tumor diameter
<4 cm, the OS of the LRH group was significantly longer
than that of ARH group (HR=0.37, 95% CI 0.16-0.84,
p=0.013). However, regardless of whether in patients with
a tumor diameter <4 cm (HR=1.20, 95% CI 0.40-3.60,
p=0.756) or >4 cm (HR=0.78, 95% CI 0.45-1.35,
p=0.378), no significant differences were found in PFS
between the ARH and LRH groups (Figure 2).

Prognostic factors

The Cox regression analysis was performed to determine
the potential prognostic factors for OS and PFS of CC
patients. The results of univariate Cox analysis showed
that length of hospital stay, estimated blood loss, tumor

diameter, FIGO stage, histology, deep stromal invasion,
vaginal invasion, parametrial invasion, LVSI, PLN inva-
sion, PALN invasion, and postoperative radiochemother-
apy were prognostic factors for OS, while operative time,
tumor diameter, FIGO stage, histology, deep stromal inva-
sion, vaginal invasion, parametrial invasion, positive sur-
gical margins, LVSI, PLN invasion, PALN invasion, and
postoperative radiochemotherapy showed prognostic sig-
nificance for DFS (Table 2). Furthermore, in multivariate
Cox analysis, FIGO stage, histology, parametrial invasion,
and PLN invasion were found as independent prognostic
factors for OS (p=0.019, 0.004, 0.030, 0.044, respectively)
and PFS (p=0.005, 0.004, 0.001, 0.003, respectively). The
surgical method (ARH vs LRH) was not an independent
prognostic factor for survival or recurrence of patients
with early-stage CC (Table 3).
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Figure | The Kaplan—Meier analysis of OS (A) and PFS (B) in the ARH and LRH groups.
Abbreviations: ARH, abdominal radical hysterectomy; LRH, laparoscopic radical hysterectomy; OS, overall survival; PFS, progression-free survival.
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Figure 2 The Kaplan—Meier analysis of OS and PFS for the surgical methods in patients with a tumor diameter >4 cm (A, B) and patients with a tumor diameter <4 cm (C, D).
Abbreviations: OS, overall survival; PFS, progression-free survival.

Discussion

Since originally reported by Minelli in 1990,'® LRH has
been increasingly adopted in the treatment of CC during
the past few decades. A lot of studies suggested that LRH
was associated with no difference in oncologic outcomes
as compared with the ARH,>'""'? and several studies

revealed that LRH had better survival outcomes than the
open approach.”'® Recently, a prospective, randomized
trial"® indicated that patients who underwent minimally
invasive radical hysterectomy for early-stage CC had
lower rates of DFS and OS than patients who underwent
open ARH. Thus, further studies are needed to investigate
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Table 2 Univariate Cox regression analyses of independent variables with LRH vs ARH groups of patients with cervical cancer

Variables oS PFS
HR (95% CI) p-value HR (95% CI) p-value

Age, years 1.02 (0.97-1.05) 0.283 1.02 (1.0-1.04) 0.241
Length of hospital stay, days 1.06 (1.01-1.11) 0.017 1.02 (0.97-1.07) 0.392
Operative time, mins 1.0 (0.99-1.0) 0.20 1.0 (1.0-1.0) 0.039
Estimated blood loss, mL 1.0 (1.0-1.0) 0.029 1.0 (1.0-1.0) 0.068
Surgical method (ARH vs LRH) 0.61 (0.32—-1.15) 0.127 0.77 (0.47-1.25) 0.287
NAC 1.64 (0.84-3.22) 0.148 1.21 (0.66-2.20) 0.538
Tumor diameter (<4 cm vs 24 cm) 2.26 (1.22-4.22) 0.010 1.95 (1.16-3.28) 0.012
FIGO stage (I vs Il) 3.86 (2.16-6.88) <0.001 2.73 (1.73-4.29) <0.001
Histology (squamous vs others) 2.16 (1.16-4.02) 0.016 1.82 (1.08-3.07) 0.024
Deep stromal invasion 5.39 (2.52-11.51) <0.001 3.51 (2.06-5.96) <0.001
Vaginal invasion 2.78 (1.49-5.17) 0.001 2.21 (1.30-3.76) 0.003
Parametrial invasion 7.51 (4.03-14.01) <0.001 6.65 (3.95-11.20) <0.001
Positive surgical margins 0.05 (0.0-0.29) 0.591 3.34 (1.05-10.63) 0.041
LvsI 4.49 (2.34-8.63) <0.001 2.62 (1.644.18) <0.001
PLN invasion 5.40 (3.06-9.52) <0.001 5.22 (3.31-8.23) <0.001
PALN invasion 7.12 (2.29-22.11) 0.001 7.32 (2.67-20.08) <0.001
Postoperative radiochemotherapy 2.24 (1.01-5.0) 0.049 2.88 (1.43-5.77) 0.003

Abbreviations: ARH, abdominal radical hysterectomy; LRH, laparoscopic radical hysterectomy; NAC, neoadjuvant chemotherapy; FIGO, International Federation of
Gynecology and Obstetrics; LVSI, lymphovascular space invasion; PLN, pelvic lymph node; PALN, paraaortic lymph node; OS, overall survival; PFS, progression-free survival.

Table 3 Multivariate Cox regression analyses of independent variables with LRH vs ARH groups of patients with cervical cancer

Variables os PFS
HR (95% CI) p-value HR (95% CI) p-value

Length of hospital stay, days 1.04 (0.92-1.19) 0513 0.99 (0.86-1.12) 0.978
Estimated blood loss, mL 1.0 (0.99-1.0) 0.948 1.0 (1.0-1.0) 0.477
Surgical method (ARH vs LRH) 1.33 (1.14-13.10) 0.806 2.77 (0.51-14.89) 0.236
NAC 0.66 (0.17-2.53) 0.541 0.60 (0.18-1.98) 0.402
Tumor diameter (<4 cm vs 24 cm) 0.28 (0.03-2.26) 0.230 0.46 (0.09-2.36) 0.352
FIGO stage (I vs Il) 14,31 (1.54-133.06) 0.019 10.48 (2.01-54.66) 0.005
Histology (squamous vs others) 6.55 (1.83-23.48) 0.004 5.25 (1.71-16.09) 0.004
Deep stromal invasion 2.51 (0.42-14.81) 0.311 2.98 (0.56-15.73) 0.201
Vaginal invasion 0.90 (0.21-3.83) 0.883 1.08 (0.34-3.45) 0.902
Parametrial invasion 4.33 (1.15-16.34) 0.030 5.16 (2.02-13.19) 0.001
Positive surgical margins 0.0 (0.0-0.0) 0.983 2.57 (0.34-19.51) 0.362
Lvsl 0.72 (0.19-2.83) 0.642 0.48 (0.14-1.62) 0.235
PLN invasion 4.49 (1.04-19.34) 0.044 6.60 (1.87-23.29) 0.003
PALN invasion 1.99 (0.38-10.60) 0.419 1.79 (0.46-6.90) 0.398
Postoperative radiochemotherapy 0.74 (0.14-4.09) 0.733 2.51 (0.28-22.13) 0.408

Abbreviations: ARH, abdominal radical hysterectomy; LRH, laparoscopic radical hysterectomy; NAC, neoadjuvant chemotherapy; FIGO, International Federation of
Gynecology and Obstetrics; LVSI, lymphovascular space invasion; PLN, pelvic lymph node; PALN, paraaortic lymph node; OS, overall survival; PFS, progression-free survival.

the therapeutic value of LRH for patients with early-
stage CC.

Our study demonstrated that patients who had under-
gone LRH experienced a similar OS and DFS compared
with patients who had undergone ARH. However,
among patients with a tumor diameter >4 cm, the LRH

group had a significantly shorter OS than the ARH
group. Contrarily, amid the patients with a tumor dia-
meter <4 cm, the OS of the LRH group was signifi-
cantly longer than that of ARH group. Besides, the
result of multivariate Cox analysis indicated that FIGO
stage, tumor histology, parametrial invasion, and PLN
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invasion were independent prognostic factors for OS
and PFS of patients with early-stage CC. These results
suggested that LRH was a feasible and safe approach for
the treatment of CC patients with a tumor diameter <4
cm. For patients with a tumor diameter >4 c¢cm, LRH
was not suggested as the therapeutic approach.

Our findings differ from the study by Ramirez et al."?
First, there is a growing consensus in the literature that
enhanced surgical technique and rich experience can improve
survival outcomes of various types of malignancies.'”'® We
noticed that in the trial by Ramirez et al, the participating sites
were required to submit perioperative outcomes from a mini-
mum of any 10 minimally invasive surgery. The surgical
experience of the participating sites seemed to be relatively
more impoverished compared with our hospital which per-
forms hundreds of LRH a year; thus, the relative lack of
surgical experience may contribute to the poorer prognosis
of patients who underwent minimally invasive radical hyster-
ectomy for early-stage CC. Second, the patient-selection bias
was proved to play an essential role in predicting survival
outcomes of cancer patients in previous studies.'”?° Patients
who had received LRH may be predicted to have longer
survival than those who had received ARH in our hospital
because of their younger age, lower tumor grade, or higher
socioeconomic status. Last, it is universally acknowledged
that laparoscopic surgery does have its advantages, for exam-
ple, the use of an optical device for laparoscopic surgery
provides an excellent view of the pelvic anatomy under
magnified laparoscopic view.

Radiotherapy with concurrent platinum-based chemother-
apy is the standard primary treatment for CC patients with a
tumor size >4 cm, which significantly decreases the risk of
recurrence and death compared to radiotherapy alone.*'**
However, the use of NAC followed by radical surgery has
emerged as a valid alternative with a promising prognosis.>***
Our study revealed that for the patients with a large tumor >4
cm, the LRH group experienced a significantly shorter survi-
val than the ARH group. There are several reasons for the
inferiority of LRH in large tumors >4 cm. Compared with
ARH, LRH is more likely to inactivate surgical margin tissue
due to the electric resection, and this may lead to an under-
estimated pathologic diagnosis and subsequent insufficient
postoperative radiochemotherapy. In addition, the insufflation
of CO, in laparoscopic procedure was reported to have an
effect on the tumor cell growth or spread in previous studies.”

Nevertheless, this study has some limitations. First,
given the retrospective nature of the study, nonrandom
assignment of patients to groups resulted in selection bias,

and further research attempting to perform a prospective
analysis in the hospitals with rich experience in LRH would
be interesting. Additionally, because the LRH became gra-
dually popular in our hospital until 2013, the follow-up time
of this study is relatively short.

In conclusion, the results of our study indicated that the
feasibility of LRH for CC patients was influenced by tumor
size. LRH was an alternative to ARH for surgical treatment
of CC patients with a tumor diameter <4 cm. However, for
patients with a tumor diameter >4 cm, priority should be
given to ARH. Our findings are of importance in optimizing
treatment strategies for patients with CC.
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