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Objective: To discuss the possibility of individualizing the para-tumor resection
range (PRR) in cervical cancer patients based on three-dimensional (3D)
reconstruction.

Methods: We retrospectively included 374 cervical cancer patients who
underwent abdominal radical hysterectomy. Preoperative computerized
tomography (CT) or magnetic resonance imaging (MRI) data sets were collected
to get 3D models. Postoperative specimens were measured to evaluate surgical
scope. Oncological outcomes of patients with different depths of stromal
invasion and PRR were compared.

Results: A PRR of 32.35 mm was found to be the cut-off point. For the 171 patients
with stromal invasion <1/2 depth, patients with a PRR over 32.35 mm had a lower
risk of death and higher 5-year overall survival (OS) than that in the <32.35 mm
group (HR=0.110, 95% CI: 0.012-0.988, P=0.046; OS: 98.8% vs. 86.8%,
P =0.012). No significant differences were found in 5-year disease-free survival
(DFS) between the two groups (92.2% vs. 84.4%, P=0.115). For the 178 cases
with stromal invasion >1/2 depth, no significant differences were found in
5-year OS and DFS between groups (<32.35 mm group vs. >32.35 mm group,
OS: 71.0% vs. 83.0%, P =0.504; DFS: 65.7% vs. 80.4%, P =0.305).

Conclusion: In patients with stromal invasion <1/2 depth, the PRR should reach
32.35 mm to get more survival benefit and in patients with stromal invasion >1/2
depth, the PRR should reach 32.35mm at least to avoid worse prognosis.
Cervical cancer patients with different depths of stromal invasion may receive
tailoring resection of the cardinal ligament.

KEYWORDS

cervical cancer, para-tumor resection, tailoring surgery, three-dimensional reconstruction,
stromal invasion

1. Introduction

Globally, especially in developing countries, cervical cancer still seriously threats the
female reproductive health. In China, with the establishment of the national early cancer
screening system and the advent of the vaccine era, the proportion of cervical cancer
patients that could get early diagnosis and treatment has gradually increased, but the
prevention and treatment of cervical cancer is still an arduous task (1-3). Surgical
treatment is the main modality for early-stage cervical cancer, which achieved satisfactory
5-year survival rates. Minimal invasive approach to cervical cancer surgery has been
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debated after the publication of LACC trial. However, resent
researchers have found that laparo-assisted vaginal radical
hysterectomy does not affect survival rates of early-stage cervical
Still,
abdominal type C radical hysterectomy (RH) plus pelvic

cancer (4). multiple clinical guidelines recommend
lymphadenectomy as the standard surgical procedure for early-
stage cervical cancer (5, 6). During type C RH, the cardinal
ligaments (CL) are transected at pelvic side wall and the
uterosacral ligaments (USL) are transected near sacral origin.
However, the thorough removal of the CL and USL inevitably
damages the pelvic autonomic nerves that run through. Our
previous study has confirmed that more nerves within the CL are
removed in RH than in nerve sparing radical hysterectomy
(NSRH) (7). Consequently, the incidence of bladder, rectum, and
sexual dysfunction remains high after surgery, which deeply
troubled cervical cancer survivors who received RH.

The most common morbidity after RH for cervical cancer is
urinary dysfunction, including hypocontractility of the bladder,
incontinence, low bladder compliance, fistula and hydronephrosis
(8). The long-term bladder function is significantly marked by
reduction of bladder compliance, increase of residual urine
volume, increase of first voiding desire and reduction of the
maximum cystometric capacity (9, 10). A high incidence of
urinary dysfunction occurred over 12 months after surgery (11),
emphasizing the importance of standardized long-term follow-up
in cervical cancer survivors. Sood et al. (12) reported 54%
patients had intermittent flatus incontinence or constipation and
no resolution were reported before 18-month visit. Sexual
dysfunction, including anxiety, depression and sexual desire
disorders were reported by over 50% patients and the symptoms
were more severe over time (13-15). Moreover, the pattern and
severity of surgical morbidity were strictly related to the extent of
parametrial resection.

The key point of the conventional type C RH is the
completeness and thoroughness of the surgery, including the
total removal of the cervical ligaments, especially the CL. As
for early-stage cancer, the surgery range should be confined to
1.0 cm-3.0 cm normal tissue around the tumor center. The
concept of para-tumor resection is frequently mentioned in
the treatment of multiple tumors. For instance, the
intraoperative criterion for radical resection of liver cancer is
that the margin should be over 1cm (16). A retrospective
multi-institution study in the Netherlands found that the
extent of parametrectomy had no influence on survival for
tumor of 20 mm or less and for larger tumors, a more radical
hysterectomy might be associated with better DFS, indicating
the possibly of individualized parametrectomy depending on
tumor size (17). Therefore, we hypothesize that para-tumor
resection might be applicable to cervical cancer so that for
selected patients, individualized CL resection might help to
limit the scope of surgery as much as possible while ensuring
the survival.

For cervical cancer patients, para-tumor tissue includes the
resection length of the ligaments and the distance between the
tumor and the margin of the cervix. At present, limited methods
of measuring, such as postoperative pathological measurement,
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are employed. However, digital three-dimensional (3D)
reconstruction of preoperative CT or MRI data set could
facilitate 3D view and accurate measurement of pelvic organ
models. An individualized para-tumor resection might contribute
to the reduction of surgical morbidity. Under this circumstance,
this study aimed to explore a possible approach of individualized
para-tumor resection for cervical cancer patients, by
retrospectively evaluating the oncological outcomes of patients
with different depths of stromal invasion and para-tumor

resection range (PRR).

2. Materials and methods

2.1. Patients

We included 374 women patients with FIGO 2009 stage IB1
to ITA2 cervical cancer who were pathologically diagnosed by
Southern Medical
University, and underwent abdominal RH during February,

cervical biopsy at Nanfang Hospital,

2010 to February 2018. The procedure of hysterectomy was
conducted according to Querleu and Morrow’s classification
by Prof. Chunlin Chen (18). All patients were performed CT
or MRI with (<1 mm)
preoperatively after consented. Exclusion criteria were as

examination thin-layer scans
follows: (1) surgery other than type B or type C RH (including
nerve-sparing procedures); (2) cervical conization before
surgery; (3) history of radiotherapy or chemotherapy before
surgery; (4) allergic to the contrast agent; (5) images unable to
reconstruct or measure. After the uterus was removed during
surgery, the specimens were measured. The length of the
resected CL was measured from the left or right cervical edge
to the lateral edge of the taut surgical specimens, respectively
(Figure 1). The research protocol was approved by the
Medical Ethics Committee of Nanfang Hospital (NFEC-2017-
135), and written informed consent was obtained from all the

participants.

Fallopian tu%. %

—

FIGURE 1

Measurement of the cardinal ligament (CL) on specimen. The length of
the resected left CL was measured from the left or right cervical edge to
the lateral edge of the taut surgical specimens.
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2.2. Acquisition of datasets of CT or MRI

All CT data were collected from dual-source 64-slice spiral CT
scans (SOMATOM Definition, Siemens, Germany). The patients
were placed in the supine position for CT axial scanning and
scanned from the 12th thoracic vertebra to 3 cm below the greater
trochanter of the femur. An iodine-based contrast agent (Ultravist
370 mg/ml, Schering Pharmaceutical Ltd.,
administered intravenously at 4 ml/s, followed by injection of 80 ml

Germany) was

of normal saline. The setting of region of interest (ROI) and scan
parameters were described in our previous study (19). The images
were split into 1-mm slices and exported in the Digital Imaging
and Communication in Medicine (DICOM) format for storage.

Static MRI scans were performed using a 3.0-T Philips Achieva TX
scanner (Philips Medical Systems, Best, The Netherlands) with an eight-
channel torso array coil. The patients were placed in the supine position
and T2-weighted MRI images were acquired in the axial, sagittal and
coronal planes at rest, as described in our previous study (20). The
images were saved in the DICOM format on a disc.

2.3. 3D reconstruction and measurement of
the pelvic organ models

All the image data in DICOM format were then imported into
Mimics 10.01 (Materialize, Leuven, Belgium) software. The CL was
reconstructed based on the CT venous phase and MRI T2W
images. The method was based on our previous study and the
deep uterine vein was used as the landmark for the recognition
of the CL (19-21). The images were manually segmented
according to the contours and then reconstructed in Mimics
software using a surface-rendering algorithm. Other 3D models
of the uterus, cervix, primary lesion, bladder, ureter, rectum, and
uterine artery were reconstructed.

The 3D models were then exported as STL files into the same
Mimics file to get an automatically matched model of the whole
pelvis for measurement. The length of the CL was defined as the
tissue around the deep uterine vein to the cervix or uterine corpus
and was measured using the fit centerline algorithm by Mimics
software. The CL removed during type B RH is approximately
transected around the intersection of the uterine artery and the
ureter. Thus, the length of the CL that should be removed during
type B RH was measured as the distance from the cervix to the
intersection of the uterine artery and the ureter in 3D models
(din vivo)- The diameter of the tumor was measured at the maximum
cross sectional. The tumor border to the edge of the cervix was
defined as the distance from the lateral margin of the tumor to the
lateral margin of the cervical stromal. We defined the 3D PRR as
the sum of the conversional resection length of the CL and the
distance from the tumor border to the edge of the cervix (Figure 2).

2.4. Statistical analysis

SPSS version 23.0 (IBM Corporation, Armonk, NY, USA) was
used for statistical analysis. Intra-group correlation coefficient
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(ICC) was used for

performed via Student’s t-test, matched samples t-test or

consistency test. Comparisons were
ANOVA of repeated measurement data for continuous variables.
X-tile software was used to get the best cut-off value. Overall
survival (OS) was defined as the interval between surgery and the
time of death due to any cause or the last valid follow-up.
Disease-free survival (DFS) was defined as the interval between
surgery and the time of disease progression/death or the last
valid follow-up. Survival analysis was performed using the
Kaplan-Meier method, log-rank test and Cox proportional
hazards regression model with hazard ratios (HRs) and 95%
confidence intervals (95% CIs). The difference was considered
statistically significant when P < 0.05.

3. Results

Of the 374 consecutive patients (207 received type B RH and
167 received type C RH), 557 datasets were collected, including
354 CT datasets and 203 MRI datasets. The demographic and
clinical characteristics of the patients are shown in Table 1. The
average length of the resected left CL was 2.35 cm + 0.83 cm. The
average length of the resected right CL was 2.38 cm +0.91 cm.
The average follow-up interval was 45.47 + 4.22 months.

Of all 374 patients, 186 underwent both simultaneous CT and
MRI scans before surgery, and the consistency test of the 3D
measurement was performed to avoid data error between the two
datasets. The 3D measurements of the CL by CT and MRI scan
datasets were 40.79 £ 9.67 mm and 45.68 + 8.85 mm, respectively.
In ICC analysis, a correlation coefficient of 0.715 was found (P <
0.001), which means the 3D measurement by the two different
scan methods were in good consistent. On account of the better
image forming of MRI, MRI image was given priority to get 3D
both
examinations. For patients who only underwent CT scan before

reconstruction models in patients who underwent
surgery, CT datasets were applied.

Among the 207 patients who received type B RH, 143 with best
image development of the uterine artery and homolateral ureter in
the preoperative CT scans were included in the establishment of
the scale. The distance from the cervix to the intersection of the
uterine artery and the ureter measured in 3D models (di, vivo)
and the length of CL removed during surgery measured in vitro
(din  vitro) 2518+749mm and 22.06 +6.61 mm,

respectively. The difference between di, vivo and di, viwo Was

were

statistically significant (#=5.098, P<0.001). Ligaments in vivo
might contract after removed from the body due to the change
of physical mechanics and ischemia, so that a conversion scale
should be established. The ratio between diy vivo and di, vitro Was
1.25 +0.54 (average 1.25, median 1.13). We established two scales
by the average and median ratio, respectively, to get the
conversion length of the CL in vitro. The conversion lengths,
d,—125 and d,_113, were compared with di, iy, of the 143
patients in type B RH group to verify the accuracy of the scale.
Statistically ~significant difference was found between the
measurements by d,_;,s and diy viro (20.14£599 mm vs.
22.06 £6.61 mm, t=-3.497, P=0.001). No difference was found
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FIGURE 2

d> at the maximum cross sectional of the tumor diameter.

Reconstruction of the pelvic organs by Mimics software and the measurement of the 3D models. (A) The 3D model of pelvic and related organs from the
superior aspect and the deep uterine vein was used as landmark to recognize the CL. (B) Bilateral CLs were reconstructed and measured using the fit
centerline algorithm (black lines). (C) The intersection of the uterine artery and the ureter (rose red dot) was adopted as the landmark of the
transection of CL in type B RH. (D) The measurement of the PRR. The tumor diameter was measured at the maximum cross sectional (dj). d»
represented the distance from the tumor border to the edge of the cervix. The PRR in type B RH was the sum of the resection length of the CL and

between d, _ 13 and diy, vitro (22.28 = 6.63 mm vs. 22.06 + 6.61 mm,
t=0.394, P=0.694). The conversion ratio of 1.13 had a better
consistency. The conversion between di, vivo and di, viwo Was
eventually defined as di, yinwo equals to di, vivo/1.13. Thus, the
PRR in vivo were converted as the following equation: PRR
equals to the distance from the tumor border to the edge of the
cervix plus the resection length of the CL in vitro multiply by 1.13.

Oncological outcomes of patients with different depth of
cervical stromal invasion were then compared in all 374 patients.
Excluding 10 patients in whom the resection lengths of para-
tumor tissue was unable to evaluate, 364 patients were included
in the final analysis. The PRR of the 364 patients was 35.83 +
10.40 mm. The cut-off value of PRR related to survival was

Frontiers in Surgery

32.35 mm (Pog=0.024, Ppps=0.027) (Figure 3). Fifteen patients
were pathologically diagnosed with parametrial spread and were
excluded. Of the 349 patients included in the analysis of survival,
171 were less than 1/2 depth stromal invasion and 178 were >1/
2 depth stromal invasion. Survival analyses were conducted
between patient with a PRR less than 32.35 mm and those with a
PRR over 32.35 mm within groups of different stromal invasion.
The clinical and pathological characteristics of the patients are
presented in Table 2. In patients with stromal invasion <1/2
depth, patients with a PRR less than 32.35 mm showed less 5-
year OS than those with a PRR over 32.35 mm (86.8% vs. 98.8%,
P=0.012; HR=0.110, 95% CIL: 0.012-0.988, P=0.046). No
difference in 5-year DFS was found between the two groups
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TABLE 1 Demographic data and clinical characteristics of the 374 32.35 mm (OS: 71.0% vs. 83.0%, P=0.413, COX: P=0.504; DFS:
included patients.
netuced patients 65.7% vs. 80.4%, P=0.207, COX: P =0.305). Survival curves are

Characteristic Value shown in proportional hazards Figure 4 and COX analysis are

Age (years), mean (SD) 50.08 (9.13) shown in Table 3. In patients with stromal invasion <1/2 depth,
Height (cm), mean (SD) 155.49 (7.30) the PRR should reach 32.35 mm to get more survival benefit and
Weight (kg), mean (SD)z 56.90 (8.94) the resection length of CL in specimen should reach (32.35 mm
Body mass index (kg/m’), mean (SD) 2340 (4.63) minus the distance from the tumor border to the edge of the
The length of the resected left CL (cm), mean (SD) 2.35 (0.83) . . ) 3 .

) cervix)/1.13. In patients with stromal invasion >1/2 depth, the
The length of the resected right CL (cm), mean (SD) 2.38 (0.91) ) ]
Follow-up (months), mean (SD) 1547 (422) PRR should reach 32.35 mm at least to avoid worse prognosis

FIGO stage, number (proportion) and the resection length of CL in specimen should reach

(32.35 mm minus the distance from the tumor border to the

IBI 145 (38.77%)
B2 55 (14.71%) edge of the cervix)/1.13.
1AL 119 (31.82%)
1IA2 55 (14.71%)

4. Discussion
(84.4% vs. 92.2%, P=0.115). In patients with stromal invasion >1/
2 depth, no differences in 5-year OS and DFS were found between Tailoring has become a major issue in cancer surgery. Attempts
patients with a PRR less than 32.35 mm and those with a PRR over =~ had been made to determine the adaptation of radicality to tumor

PtNo | %Total | Events| Rate | Rank
179 4918 30 1676  Oto 168
185 5082 15 811  169t0o 345

S 10000 45 0 1236 Oto345

PtNo | %Total | Events| Rate | Rank | Range

179 4918 37 2067 0to 168 13.88thru 32.35

185 5082 21 1135 169t 345 32.43thru 63.39
010000 58 1593  0to345 | 1388thm6339
I I N D

FIGURE 3
The cut-off value of PRR related to survival by X-tile. (A) The cut-off value of PRR considering OS was 32.35 mm (;(2 =514, Pos = 0.024). (B) The cut-off
value of PRR considering DFS was 32.35 mm (;(2 =4.91, Pprs=0.027).
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TABLE 2 Characteristics of the included cervical cancer patients with different depths of cervical stromal invasion.

Less than 1/2 depth stromal invasion

>1/2 depth stromal invasion

PRR less than PRR over 32.35 mm P PRR less than PRR over 32.35 mm P
32.35 mm group group (n =93, %) Value | 32.35 mm group group (n =281, %) Value
(n=78, %) (n=94, %)
Age, year 50.94 +£9.40 48.27 £9.10 0.063 49.55+9.12 50.72 +8.49 0.384
Histological subtype 0.932 0.339
Squamous-cell 70 (89.70) 81 (87.10) 82 (86.32) 77 (92.77)
carcinoma
Adenocarcinoma 6 (7.69) 8 (8.60) 10 (10.53) 6 (7.23)
Adenosquamous 1 (1.28) 2 (2.15) 1 (1.05) 0 (0)
carcinoma
Other subtypes 1(1.28) 2 (2.15) 2 (2.11) 0 (0)
FIGO stage 0.387 0.159
IB1 30 (38.46) 41 (44.09) 30 (31.58) 37 (44.58)
1B2 9 (11.54) 16 (17.20) 13 (13.68) 11 (13.25)
IIA1 28 (35.90) 23 (24.73) 37 (38.95) 20 (24.10)
11A2 11 (14.10) 13 (13.98) 15 (15.79) 25 (18.07)
Tumor size 0.068 0.080
<4 cm 53 (67.95) 63 (67.74) 51 (53.68) 50 (60.24)
>4 cm 22 (28.21) 18 (19.35) 43 (45.26) 28 (33.73)
Unknown 3 (3.85) 12 (12.90) 1 (1.05) 5 (6.02)
LVSI 0.006 0.744
Negative 74 (94.87) 75 (80.65) 76 (80.00) 68 (81.93)
Positive 4 (5.13) 18 (19.35) 19 (20.00) 15 (18.07)
Vaginal margin 0.358 0.283
Negative 78 (100.00) 92 (98.92) 95 (100.00) 82 (98.80)
Positive 0 (0) 1 (1.08) 0 (0) 1 (1.20)
Lymph node 0.258 0.401
involvement
Negative 63 (80.77) 81 (87.10) 68 (71.58) 64 (77.11)
Positive 15 (19.23) 12 (12.90) 27 (28.42) 19 (22.89)
Adjuvant therapy 0.795 0.051
None 33 (42.31) 36 (38.71) 29 (30.53) 38 (45.78)
Chemotherapy 31 (39.74) 39 (41.94) 35 (36.84) 30 (36.14)
Radiology 0 (0) 1 (1.08) 3 (3.16) 0 (0)
Chemoradiotherapy 14 (17.95) 17 (18.28) 28 (29.47) 15 (18.07)

spread in cervical cancer. Photopulos et al. recommended class IT
RH for cervical cancer patients with less than 3 mm invasion
with possible invasion of lymphatic space, <3 mm invasion
extending to the cone biopsy specimen and adenocarcinoma of
uncertain invasion in their 1991 study (22). The adaptation was
further extended to conization diagnosed exophytic squamous
cell cervical cancer patients with less than 2 cm in diameter and
less than 10 mm invasion, by Yang et al. (23). Landoni et al.
conducted a prospective randomized study and found that, as a
less radical surgery, class II RH had equally effect and a lesser
degree of late complications compared with class III RH in
surgical treatment of cervical cancer (24). Midterm analysis of a
randomized controlled trial indicated that, in early early-stage
cervical cancer patients with tumor diameter <2 cm and a depth
of interstitial infiltrates <50%, type II RH had considerable
security within 2 years after surgery and could improve the
quality of life (25). We previously found that type B RH could
be used for the treatment of stage IAl to IIA2 cervical cancer
(26). Despite the fine distinction in the scope, type II RH and
type B RH might be feasible and safe in selected patients. For

Frontiers in Surgery

patients who want to preserve fertility, endocervicoscopy followed
by conization might play a promising role (27). However, more
tailored surgical scope considering individual tumor diameter
and stromal invasion was not mentioned in the previous
approach. Parametrectomy was considered the most significant
procedure of cervical cancer surgery and the extensive resection
of the CL is a must to ensure a disease-free state (28). In this
study, we studied on the influence of individualizing PRR in
cervical cancer patients with different tumor characteristics.
During type B RH, the ureter should be unroofed and
mobilized laterally, permitting the transection of the para-cervix
at the level of the ureteral tunnel. The ureter artery at the
intersection of the uterine artery and the ureter could be the
landmark (17, 21). In this study, we adopted this intersection as
an anatomical landmark for the resection of the CL in type
B RH, which facilitated the quantification of the in vivo length of
the CL to be removed. However, we found a significant statistical
difference between the in vivo and in vitro lengths of the CL
(25.18 £ 7.49 mm vs. 22.06 + 6.61 mm, t=5.098, P<0.001). Due
to the change of physical mechanics and ischemia, the ligaments
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Survival curves of patients with PRR less than 32.35 mm and over 32.35 mm of different depths of stromal invasion. (A) In patients with stromal invasion <1/
2 depth, patients with a PRR less than 32.35 mm showed less 5-year OS than those with a PRR over 32.35 mm. (B) In patients with stromal invasion <1/2
depth, no difference in 5-year DFS was found between patients with a PRR less than 32.35 mm and those with a PRR over 32.35 mm. (C) In patients with
stromal invasion >1/2 depth, no difference in 5-year OS was found between patients with a PRR less than 32.35 mm and those with a PRR over 32.35 mm.
(D) In patients with stromal invasion >1/2 depth, no difference in 5-year DFS was found between patients with a PRR less than 32.35 mm and those with a

65.7%
80.4%

TABLE 3 Cox regression of the included cervical cancer patients with different depths of cervical stromal invasion.

Less than 1/2 depth stromal invasion

0OS

DFS

>1/2 depth stromal invasion

(O

DFS

Histological subtype

P Value (HR, 95% Cl)
0.030 (2.707, 1.099-6.666)

P Value (HR, 95% Cl)
0.042 (1.937, 1.024-3.664)

P Value (HR, 95% ClI)

0.808 (0.868, 0.279-2.704)

P Value (HR, 95% ClI)
0.676 (0.816, 0.314-2.122)

FIGO stage

0.083 (2.347, 0.895-6.156)

0.858 (0.950, 0.539-1.674)

0.286 (1.190, 0.864-1.637)

0.101 (1.272, 0.954-1.697)

Tumor size

0.517 (0.567, 0.102-3.153)

0.325 (0.516, 0.139-1.924)

0.076 (1.754, 0.943-3.264)

LVSI

0.181 (3.790, 0.537-26.723)

0.684 (0.709, 0.136-3.703)

(
0.016 (2.359, 1.177-4.726)
0.046 (2.365, 1.015-5.510)

0.559 (1.262, 0.579-2.751)

Vaginal margin

0.993

0.989

0.990

0.983

Lymph node involvement

0.197 (2.951, 0.570-15.276)

0.097 (3.303, 0.805-13.550)

0.001 (9.158, 3.946-21.253)

0.001 (6.936, 3.341-14.402)

PRR

0.046 (0.110, 0.012-0.988)

0.115 (0.371, 0.180-1.273)

0.504 (0.771, 0.360-1.651)

0.305 (0.696, 0.349-1.390)

Adjuvant therapy

0.917 (1.042, 0.485-2.239)

0.096 (1.641, 0.916-2.940)

0.001 (0.566, 0.400-0.800)

0.034 (0.722, 0.534-0.976)

in vivo might contract after removed from the body, which result in
the difference between di; vivo and din viwo. In order to further
match the length of tissue, we established a conversion scale as

din vitro €quals to diy vivo/1.13.
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Deep stromal invasion of the cervix is regarded as a risk factor
for poor prognosis of cervical cancer patients (29). In cervical
cancer patients with deep stromal invasion on one side of the

cervix, the tumor may show a tendency of eccentric growth.
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Bilateral cardinal ligaments resection in these patients might be
individualized to minimize nerve trauma, as experiments has
confirmed multiple nerve types are present within the CL (7, 30).
To our knowledge, data on the individualized excision of the CL
in cervical cancer patients are scarce. We attempt to find a
quantitative index for cervical cancer patients to achieve the goal
of minimum trauma under maximum prognosis. In this study,
we only took into account the deeper side of stromal invasion in
patients with different depths of stromal invasion on two sides.
To accurate the resection ranges of para-tumor tissue, we defined
PRR as the sum of the resection length of the CL and the
distance from the tumor border to the edge of the cervix.
Combined with the follow-up data and using X-tile software, we
obtained the possible cutoff value of the PRR related to OS and
DFES as 32.35mm, and further analyzed the differences in the
oncology outcomes of different PRRs in patients with different
depths of stromal invasion. The results showed that patients with
cervical cancer with superficial 1/2 stromal invasion could benefit
more in 5-year OS and DFS when the PRR was more than
32.35 mm, while for patients with deep 1/2 stromal invasion, the
PRR should be at least 32.35 mm to ensure the 5-year OS and
DES. The individualization of PRR we found is basically depends
on the tumor size and the depth of stomal invasion. It seems
that patients with superficial 1/2 stromal invasion have a larger
resection range. But in fact, the distance from the tumor edge to
the cervical edge is often smaller in patients with deep stromal
invasion, and much larger in patients with superficial stromal
invasion, thus the result is reasonable.

5. Conclusions

In patients with stromal invasion <1/2 depth, the PRR should
reach 32.35 mm to get more survival benefit and in patients with
stromal invasion >1/2 depth, the PRR should reach 32.35 mm at
least to avoid worse prognosis. Cervical cancer patients with
different depths of stromal invasion may receive tailoring
resection of the cardinal ligament.
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