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Abstract. The aim of the present study was to use imaging 
to retrospectively analyze the recurrent sites and patterns 
of spread of early cervical cancer following radical surgery. 
A total of 86 patients with cervical cancer (stage IB or IIA) 
showed postoperative pelvic recurrences and distant metas-
tases. Based on positron emission tomography or computed 
tomography, the correlation between clinicopathologic factors 
and sites of recurrence was determined and the pattern of 
spread was evaluated. Among the 86 patients with postop-
erative recurrence of early cervical cancer, 76 exhibited pelvic 
recurrence involving the cardinal and uterosacral ligaments. 
Other recurrences were paravaginal (n=14) and vaginal (n=10). 
Seven cases of recurrence were in the pelvic lymph nodes and 
10 patients had distant metastases. The rate of paracervical 
ligament recurrence in patients with stromal invasion ≥1/2 
depth was higher, compared with that in patients with stromal 
invasion <1/2 depth, however, the difference was not statisti-
cally significant. The rate of distant metastases in patients with 
positive pelvic lymph nodes was higher, compared with that 
in patients with negative lymph nodes (P=0.001). Recurrent 
lesions spread along the residual ligament to the lateral pelvic 
wall. It was found that, following radical surgery for early 
cervical cancer, recurrent tumor spread was predominantly 
confined to the subperitoneal residual ligaments of the cervix 
and vagina. For patients with positive lymph nodes, the 
incidence of distant metastases increased significantly.

Introduction

Cervical cancer is one of the major types of malignant tumor 
that has a negative impact on women's health. In economically 

underdeveloped countries, cervical cancer is the leading 
cause of mortality among women (1). According to an epide-
miologic study, the incidence of cervical cancer and associated 
mortality rates in China have increased yearly over the last 
10 years (2). In addition, due to the implementation of cervical 
cancer screening, the detection of early cervical cancer has 
increased; however, the recurrence rate remains at ~30%. 
Post‑operative recurrences are correlated to clinical stage, 
surgical method and post‑operative pathologic reports  (3). 
However, the correlation between surgical method and prog-
nosis is weaker. In 2015, the National Comprehensive Cancer 
Network (NCCN) guidelines for the clinical diagnosis and 
treatment of cervical cancer updated the criteria for cervical 
cancer surgery. The new guidelines recommend using the 
Querleu and Morrow (QM) surgical classification system (4). 
In China, modified radical hysterectomy is a common surgical 
procedure for cervical cancer, which is similar to the B type of 
the QM classification (5). In the present study, the location of 
recurrence and the route of metastasis in 86 patients with early 
stage cervical cancer were retrospectively analyzed following 
a type B surgical procedure. The present study aimed to 
retroactively analyze the recurrent sites and patterns of spread 
following radical surgery for early cervical cancer. In doing so, 
the associations between recurrence and metastasis, age, time, 
and postoperative pathologic changes were investigated.

Materials and methods

Clinical data. The present study was a single site retrospec-
tive study performed between October 2009 and March 2015 
involving 86 patients who were diagnosed with cervical cancer 
metastases and recurrence following surgery at Henan Cancer 
Hospital (Henan, China). The patient ages ranged between 31 
and 79 years, with a median age of 45 years, and all patients 
had complete medical records. Of the 86 patients, 78 had 
squamous cell carcinoma of the uterine cervix and 8 had 
adenocarcinoma. The primary treatment was modified radical 
hysterectomy with bilateral pelvic lymph node dissection. 
With respect to the classification criteria for surgery, according 
to the 2015 NCCN clinical practice guidelines for cervical 
cancer, all of the patients were classified as having cervical 
cancer radical surgery type B. The post‑operative pathologic 
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diagnosis was confirmed and all surgical margins were nega-
tive. There was no post‑operative residual tumor tissue. None 
of the patients received radiotherapy prior to the recurrence 
(Table I).

Positron emission tomography/computed tomography 
(PET/CT) (General Electric Company, New Fairfield, 
Connecticut, American). When a recurrence or metastasis 
was suspected in patients with early stage cervical cancer, 
they underwent a whole‑body PET/CT examination. All local 
recurrences were pathologically confirmed. If a distant metas-
tasis biopsy was difficult to obtain, further confirmation was 
required. In the present study, all of the patients received at 
least one PET/CT examination.

Statistical analysis. SPSS 17.0 statistical software (SPSS, Inc., 
Chicago, IL, USA) was used for analyses. χ2 and Fisher's exact 
probability tests were used to compare the constitute ratios. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Association between recurrence and metastasis, age, time 
of recurrence and post‑operative pathologic changes. 
Among the sites of post‑operative recurrence and metastases, 
45 simple recurrences involved the primary sacral ligament, 
10 were vaginal recurrences, 14 were paravaginal recurrences, 
seven involved the pelvic lymph nodes, and five were pelvic 
metastases. Metastasis to the sacral ligament and pelvic 
region occurred in three patients and simple pelvic metastases 
occurred in two patients (Table I). The rate of recurrence was 
79% (68/86) with a pelvic metastatic rate of 100% (10/10), 
within 2 years following surgery.

In patients with negative margins, negative lymph nodes, a 
cervical stromal invasion depth of <1/2 and a cervical stromal 
invasion depth of >1/2, the cancer recurrence rates at the 
primary sacral ligament remnant and the vagina were 40% 
(4/10), 10% (1/10), 40% (4/10), 60.3% (35/58), 20.7% (12/58) 
and 10.3% (6/58), respectively.

With the increase in the depth of invasion, the recurrence 
rate of cancer of the uterine cervix was greater than the vaginal 
recurrence rate (χ2=6.24, P=0.031). The incidence of pelvic 
lymph node and distant metastases was 50% (5/10), which was 
higher when compared with the pelvic lymph node‑negative 
patients [7% (5/76); P=0.001]. The median relapse time was 
8 months, which was significantly shortened.

In patients >60 years of age, the paravaginal recurrence rate 
was significantly higher, compared with that in the <60 years 
of age group (χ2=19.9, P<0.01). With increasing age, the recur-
rence time was prolonged (Table II). In terms of metastases, 
three patients were identified with pulmonary metastases, 
five with abdominal aortic lymph node metastases, one with 
small intestine metastasis and one patient with greater retinal 
metastasis.

Transfer pathway
Cancer recurrence and metastasis along the main ligament. 
Among the 85 patients in included the present study, cancer 
spread along the cardinal ligament in 27 patients, including 

19 first diagnosed with a proximal cardinal ligament stump 
and eight with infiltration along the total length of the 
remaining ligament all the way to the pelvic wall. Continuous 
images in combination with a change in the standardized 
uptake value (SUV) = showed that the cardinal ligament inva-
sion pathways were as follows: The earliest cancer recurrence 
involved the cardinal ligament stump, followed by the internal 
iliac vascular axis (the main vascular ligament) as the center, 
followed by a spread outwards and upwards, close to the iliac 
arterial bifurcation and terminating at the basin wall between 
the internal and external iliac vessels (Fig. 1A‑D).

Invasion and metastatic recurrence of cervical cancer 
along the uterosacral ligament. In the present study, the 
recurrence and metastasis along the sacral ligament occurred 
in 21 patients, 18 of whom were first diagnosed with involve-
ment of the proximal sacral ligament stump. Infiltration of 
the entire length of the residual sacral ligament occurred in 
three patients, reaching the third and fourth vertebral bodies. 
Continuous images in combination with changes in the SUV 
showed that the invasion pathway along the uterosacral liga-
ment was recurrent tumor infiltration from the sacral ligament 
stump. The cancer spread to the mesorectum and backward to 
the second, third and fourth sacral vertebrae. If the invasion 
continued to expand, the cancer invaded the mesorectum, the 
piriformis muscle and the soft tissues of the pelvic wall, as 
shown in Fig. 2A‑D.

Tumor recurrences spread along the vagina and 
surrounding tissue ligaments. In the present study, 11 patients 
had vaginal recurrences and seven patients had an abnormal 
vaginal discharge. Regular examination via Thinprep cyto-
logic test vaginal cytology revealed abnormalities in eight 
cases. Biopsies of the vaginal mucosal surfaces showed that 
the tumors or vaginal abnormalities were squamous cell carci-
nomas. Paravaginal recurrences were found in 13 patients. 
Deep myometrial invasion was demonstrated in post‑operative 
pathology. If the patient had no abnormal vaginal discharge, 
abnormal cytology or abnormal findings on gynecologic 
examination of the vaginal mucosal, a submucosal paravaginal 
tissue mass was noted and a biopsy was performed. Paravaginal 
tumors arose in the fascial tissues, of which nine cases 
involved the cervical vaginal ligament, which spread forwards 
and medially to invade the posterior walls of the ureter and 
bladder, and then infiltrated downwards to the urethra. The 
tumor spread laterally and posteriorly along the same side 
of the rectovaginal fascia tumor, as shown in Fig. 3A‑D. In 
the present study, five patients had vaginal and rectal fascia 
or vaginal fascia involvement, however, no recurrences were 
noted in the anterior pelvic wall space.

Discussion

Clinical studies (6,7) have shown that the recurrence and metas-
tasis rate of stage IB‑IIA cervical cancer is ~30%. The majority of 
the metastatic tumors were pelvic metastases. With an increase 
in risk factors, including lymph node metastasis, infiltration of 
the uterus and tumor diameter ≥2 cm, the post‑operative recur-
rence rate can increase to 40‑50%. Post‑operative concurrent 
radiotherapy and chemotherapy can reduce the recurrence 
rate to 46%, however, there are 15% of patients remaining, 
who exhibit post‑operative radiotherapy recurrence. Distant 
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metastasis is the main contributor to mortality rates in patients 
with cervical cancer recurrence (8). Stratified studies on the 
mode of surgery have been limited, and the precise location of 
pelvic recurrences, and the examination of invasion and spread 
are also deficient. Gene mutations, metabolic abnormalities and 
morphological changes are essential in the process of tumor 
development. PET/CT combined with imaging medicine and 
tumor metabolism can be used for follow‑up monitoring of 
cervical cancer following treatment (9), which not only facili-
tates earlier detection of recurrence and metastatic lesions (10), 
but also assists in confirming the metastasis of local cancer. 
In the present study, PET/CT was used to analyze the first site 
of recurrence of cervical cancer, and the anatomical basis of 
invasion and spread.

Post‑operative recurrence and metastasis in type B radical 
resection in the 86 patients with early cervical cancer showed 
that the simple parametrial recurrence rate was 67.4% (58/86), 
the vaginal recurrence rate was 12.8% (11/86), the pelvic 
lymph node recurrence rate was 8.1% (7/86), the pelvic lymph 
node and extra‑pelvic metastatic rate was 5.8% (5/86), the 
parametrial recurrence and pelvic metastatic rate was 3.5% 
(3/86) and the simple pelvic external transfer rate was 2.3% 
(cultured). The results were similar to the results reported by 
Wang et al (11). Among the 86 patients, 45 had simple uterine 
cervix recurrences, including recurrences of the primary sacral 
ligament and 13 vaginal recurrences, which is the first site of 
recurrence. For patients with negative margins, negative lymph 
nodes and an interstitial infiltration depth ≥1/2, the recurrence 

Figure 1. Post‑operative recurrence of cervical cancer and spread along the cardinal ligament from the remnant to the pelvic wall. (A) PET/CT cross‑sectional 
images showing that the cancer was located at the right cardinal ligament stump. (B) PET/CT cross‑sectional images demonstrating tumor spread along the 
vessel of the main ligament to the upper and lateral walls of the basin. (C) PET/CT imaging showing tumor close to the the iliac arterial bifurcation spreading 
to the pelvic wall. (D) PET image (coronal view) where the arrow indicates cancer recurrence spreading from the remnant to the oblique lateral wall of the 
basin and finally to the common iliac vessels. PET/CT, positron emission tomography/computed tomography.

Table II. Association between metastatic site and age.

	 Pelvic recurrence site (cases)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Age		  Median	 Primary	 Vaginal and	 Pelvic	 External pelvic
(years)	 Cases (n)	 recurrence (months)	 sacral ligament	 paravaginal	 lymph nodes	 metastases (cases)

30‑40	 16	 14.2	 8	 3	 4	 1
41‑60	 51	 18.1	 35	 8	 7	 1
61‑70	 19	 21.3	 5	 13	 1	 0

Table I. Association between metastatic site and time and post‑operative pathologic changes.

	 Pelvic recurrence site (cases)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
		  Median	 Primary			   Pelvic	 Only
Post‑operative		  recurrence	 cardinal and			   lymph	 external Pelvic
pathology	 Cases (n)	 (months)	 sacral ligament	 Vagina	 Paravaginal	 nodes	 metastases (cases)

SCC <1/2 full‑thickness invasion 	 10	 24	 4	 4	 1	 1	 0
SCC ≥1/2 full‑thickness invasion	 58	 22	 35	 6	 12	 4	 1
Adenocarcinoma	 8	 21	 6	‑	‑	   2	 0
Lymph node metastasis and other	 10	 8	 3	‑	  1	 5	 1

SCC, squamous cell carcinoma.
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rate was higher, compared with patients with interstitial infiltra-
tion <1/2 depth. The parametrial and vaginal recurrence rates 
were reduced (χ2=6.24, P=0.031). Elit et al (12) summarized 
and analyzed 17 retrospective clinical studies and found that 
the detection rate for recurrences of cervical cancer following 
surgery were as follows: Physical examination, 29‑71%; CT, 
0‑34%; vaginal cytology, 0‑17%. As the principal method of 
screening for cervical cancer, vaginal cytology is significant 
in reducing the incidence of cervical cancer, but is less impor-
tant in detecting recurrent cervical cancer. The present study 
showed that the recurrence of early invasive cervical cancer 
was primarily extended from the mid‑uterus to the vagina. 
The tumor continues to grow and infiltrates the surrounding 
tissue, including the vagina. Prior to positive‑vaginal cytology, 
the tumor has formed and can be detected by gynecologic 
examination and imaging. Therefore, the monitoring of 
post‑operative patients, imaging and physical examinations are 
more useful, compared with vaginal cytology. In addition, the 
present study showed the correlation between age and site of 
recurrence; for elderly patients, particularly patients >60 years 
of age, the recurrence rate was 68.4% (13/19) in the vaginal 
and paravaginal tissues. Compared with the ≤60‑year‑old 
group, in which the recurrence rate was 16.4% (11/67), the 
recurrence rate was statistically increased in the ≥60‑year‑old 
group (χ2=19.9, P<0.01).

Landoni  et  al  (13) pathologically analyzed the tissue 
specimens of 230 patients with cervical cancer stage IB‑IIA, 
following radical surgery. The proportion of cancer infiltra-
tion to the main ligaments (vesicouterine and uterosacral) and 

rectovaginal septum were 34, 23, 15 and 15%, respectively. The 
paracervical infiltration depth was first associated with cervical 
stromal infiltration. The post‑operative cervical cancer recur-
rence can spread along the lateral residual sacral and vaginal 
ligaments to the pelvic wall. According to the characteristics of 
PET/CT images in several patients, the invasion pathway of the 
main ligament was as follows: Continuous images in combina-
tion with changes in SUV demonstrated that cardinal ligament 
invasion pathways were the earliest cancer recurrence in the 
cardinal ligament stump. The internal iliac vascular axis (the 
main vascular ligament) was central with cancer spreading 
outwards and upwards, close to the iliac arterial bifurcation, 
terminating at the basin wall between the internal and external 
iliac vessels. Recurrent tumor infiltration occurred from the 
sacral ligament stump, and extended from the mesorectum 
backwards to the second, third and fourth sacral vertebrae. If 
invasion continued, the cancer invaded the mesorectum, the 
piriformis muscle and soft tissues of the pelvic wall, as shown 
in Fig. 2. If the patient had no abnormal vaginal discharge, 
abnormal cytology and the gynecologic examination of the 
vaginal mucosal was normal, but a submucosal paravaginal 
tissue mass was palpated, a biopsy was performed. Paravaginal 
tumors arose in the fascial tissues in nine cases, which involved 
the cervical vaginal ligament and progressed to the medial 
aspect of the posterior wall of the ureter and bladder, further 
infiltrating downward to the urethra. The tumor spread along 
the same side of the rectovaginal fascia, as shown in Fig. 3, in 
agreement with Xiaohong et al and Zhou et al (14,15), who 
found that the majority of the sacral ligaments attached to the 

Figure 3. Tumor recurrence and spread along the vagina and surrounding ligaments. The vaginal mucosa was smooth and the submucosal mass was on the right 
side of the vaginal wall. (A) CT cross‑sectional images showing right posterior vaginal stump mass with infiltration of the ureter. (B) PET/CT cross‑sectional 
images of the same layer, on the right side of the bladder vaginal ligament, demonstrating tumor spread along the ipsilateral rectovaginal fascia. (C) PET image 
of the same layer; the arrow indicates paravaginal cancer. (D) PET/CT cross‑sectional images demonstrating the cancer spread downwards along the right side 
of the rectovaginal fascia; the tissue morphology was not altered significantly. PET/CT, positron emission tomography/computed tomography.

Figure 2. Post‑operative recurrence of cervical cancer along the uterosacral ligament from the remnant to the pelvic wall. (A) PET/CT cross‑sectional images 
with right sacral ligament stump cancer. (B) PET/CT cross‑sectional images of the right middle sacral ligament tumor. (C) PET/CT cross‑sectional images 
showing the paravertebral tumor located in the right sacral ligament close to the fourth sacral vertebrae. The morphology did not alter significantly. (D) PET/CT 
images; the arrow indicates the spread of cancer to the mesorectum, and backwards to the second, third and fourth sacral vertebrae. PET/CT, positron emission 
tomography/computed tomography.
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first, second and third sacral vertebrae, and the morphology 
of the fourth vertebral body was altered. The recurrence rate 
of cervical deep muscle invasive carcinoma was twice that of 
vaginal recurrences. The PET/CT imaging showed that the 
tumor appeared in the vaginal stump and vaginal bladder 
ligament. The primary sacral ligament is a three‑dimensional 
connective tissue extending from the cervix to the upper 
vagina. The primary sacral ligament exists as a complex form 
in the cervix and vagina, separates in the process of extending 
outward, and terminates on the side wall of the basin and the 
sacrum, whereas the main sacral ligament complex extends 
down to the vagina. Following surgery, the remnants spread 
out through the residual ligament, and the type and modality 
of surgery affects the rate of recurrence of early cervical 
cancer (16,17). Following a type B radical resection, the basin 
wall of each ligament remains partially connected. The tumor 
can spread along the main and paravaginal ligaments, and 
invade the adjacent organs.

In the early stage, the local spread of cervical cancer is 
not random. Höckel (18) and Höckel et al (19) reported that 
early cervical cancer invasion and metastasis are limited to 
the cervix, uterus, and the surrounding mesentery ligaments. 
These tissues are derived from the gyneduct in the embry-
onic stage. For tissues from other embryonic sources, there 
was less infiltration, even for adjacent structures, including 
nervous tissue. For patients with cervical cancer in early 
stage IB‑IIA, total hysterectomy (removal of the pelvic wall 
of the main sacral ligament) can preserve the nerves and 
avoid post‑operative prophylactic radiotherapy. In the present 
study, 67.4% of the patients with recurrent cervical cancer had 
tumors confined to the posterior peritoneum with spread along 
these ligaments. These ligaments are also barriers to outward 
spread of the tumor. In the early stage, recurrence along the 
ligament is rare and metastasis of the pelvic peritoneal organs 
is singular. In the present study, only one patient with squa-
mous cell carcinoma of the vagina had intestinal obstruction 
and one patient with adenocarcinoma had metastasis to the 
abdominal cavity.

The biological behavior of tumor development determines 
its treatment. The present study analyzed the recurrence 
and spread of early stage cervical cancer following type B 
radical surgery, and the results showed that the recurrence 
rateinthe cardinal and uterosacral ligament was 52.3%, and 
that thiswas the most common site of recurrence. According to 
the QM classification, C type surgery is always recommended 
in cervical cancer stage IB‑IIA. Type C1 surgery is recom-
mended to maintain the sacral ligament close to the pelvic 
wall of the resection and preservation of the bladder nerve. 
For patients with adjuvant radiotherapy following type B 
surgery, all cervical residual ligaments require treatment as 
part of the region involved, however, the dosage of radiation 
requires further evaluation. As the patients in the present study 
were from a number of treatment centers, heterogeneity cannot 
be excluded. Therefore, to improve the treatment of cervical 
cancer, a prospective clinical study is required.
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