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Objective. To determine whether the number of removed lymph nodes (RLN) is associated with survival in patients with In-
ternational Federation of Gynecology and Obstetrics (FIGO) stage IB-IIA cervical squamous cell carcinoma (CSCC). Methods. We
reviewed the medical records of FIGO stage IB-IIA CSCC patients who underwent standardized radical hysterectomy with pelvic
lymphadenectomy (RHPL) in our center between 2006 and 2014. The X-tile software was performed to calculate the optimal
grouping of cutoff points for RLN. The impact of RLN on progression-free survival (PFS) and overall survival (OS) was analyzed
using Cox regression analysis. Results. Among 3,127 patients, the mean number of RLN was 22, and positive lymph node (LN) was
found in 668 (21.4%) patients. X-tile plots identified “21” and “16” as the optimal cutoff value of RLN to divide the patients into
two groups in terms of PFS and OS separately. In all patients, the number of RLN was not associated with PFS (P = 0.182) or OS
(P =0.193). Moreover, in both LN positive and negative patients, the number of RLN was not associated with either PFS
(P =0.212 and P = 0.540, respectively) or OS (P = 0.173 and P = 0.497, respectively). Cox regression analysis showed that the
number of RLN was not an independent prognostic factor for PFS or OS. Conclusion. If standardized RHPL was performed, the
number of RLN was not an independent prognostic factor for survival of patients with FIGO stage IB-ITA CSCC.

1. Introduction

Despite efficient screening and vaccination [1, 2], cervical
cancer continues to be the fourth most prevalent cause of
cancer-related death in women worldwide, especially in
developing countries [3]. Radical hysterectomy with pelvic
lymphadenectomy (RHPL) is the standard surgical treat-
ment for early-stage cervical cancer, in particular, Inter-
national Federation of Gynecology and Obstetrics (FIGO)
2009 Stage IB-IIA disease [4]. Cervical squamous cell car-
cinoma (CSCC), the most common pathological type of
cervical cancer, accounts for about 80-90% but is less likely
to develop lymph node metastasis than adenocarcinoma and
adenosquamous cell carcinoma [5].

Most tumors typically spread multidirectionally via the
lymphatic system; hence, lymph nodal (LN) status is a strong
prognostic factor for survival in patients with cervical cancer
[6]. The goal of standardized lymphadenectomy is to provide
an accurate pathologic diagnosis of LN status and a possible
therapeutic advantage [7]. Given the long natural history of
LN dissections for tumors, it was our instinct that a more
thorough lymphadenectomy should increase the number of
removed lymph nodes (RLN), and the more nodes retrieved,
the more likelihood of the better survival. For non-small cell
lung cancer [8] or bladder cancer [9], previous studies had
reported the survival benefits for patients who had under-
gone the removal of an increased number of LN. These
authors believe that a more extensive lymphadenectomy
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could improve the accuracy of pathologic diagnosis by
improving the detection of lymph node status, and this was
supposed to have possible therapeutic benefits for patients.
However, extensive lymphadenectomy could increase the
surgical trauma, which was the leading cause of postoper-
ative complications [7, 10], and some recent studies dem-
onstrated a more extensive lymphadenectomy does not
improve survival after surgery for esophageal cancer [11],
prostate cancer [12], and endometrial cancer [13], which
even challenged the current clinical guidelines.

For cervical cancer, studies on the possible benefit of a
more extensive lymphadenectomy were limited. Some re-
ports indicated the possible survival benefits from removing
more LN among cervical cancer patients [14]. However,
recent studies demonstrated conflicting results on the same
issue [15, 16]. Furthermore, the majority of low-risk early-
stage cervical cancers (FIGO stages IA to IIA) do not present
with LN metastases, and the prevalence of pelvic node
metastases for stage I and stage II cervical cancer patients
was 0-25.3% and 24-31%, respectively [16]. But the current
situation is that almost all LN negative patients also un-
derwent systematic lymphadenectomy, which might destroy
the equilibrium of the immune system. Regional lymph
nodes usually raise a tumor-directed immune response in
defence against tumor invasion at the early stage [17]. Could
these patients benefit from complete pelvic lymphadenec-
tomy? Thus, the possible therapeutic value of a more ex-
tensive lymphadenectomy for the treatment of early-stage
cervical cancer remains an open question.

To date, there is no relevant report to describe the
possible benefit of a more extensive lymphadenectomy for
patients with early-stage CSCC. Through the survival
analysis of our patient’s cohort treated with standard RHPL,
we investigated whether the number of RLN is an inde-
pendent prognostic factor for survival of patients with FIGO
stage IB-IIA CSCC.

2. Materials and Methods

2.1. Patients. The data of patients with IB or IIA CSCC with
FIGO (2009) stage who underwent abdominal radical
hysterectomy + bilateral salpingo-oophorectomy and pelvic
lymphadenectomy between 2006 and 2014 were reviewed
retrospectively. By checking the surgical records, all sur-
geries were performed by at least two experienced gyne-
cological oncologists in our center by using the standardized
RHPL. Al LN and fatty tissues were supposed to be removed
between the external and internal iliac arteries, from the
bifurcation of the common iliac artery up to the circumflex
vein and above the obturator nerve. In our center, para-
aortic lymph node resection was performed if intraoperative
palpation suggested para-aortic lymph node involvement or
if intraoperative frozen section examination showed positive
common iliac LN. In order to avoid the influence of the
number of RLN, we excluded the patients with para-aortic
lymphadenectomy. Also, patients who were with comor-
bidities and previous history of cancer and received neo-
adjuvant chemotherapy or preoperative radiotherapy, died
within 30 days after surgery, and had a follow-up time less
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than three months were excluded from this study. The
criteria for adjuvant treatment after surgery were >2 in-
termediate-risk factors (tumor diameter >4 cm, >1/2 depth
of stromal invasion, and lymph-vascular space invasion
(LVSI)) or >1 high-risk factor (positive parametrium,
positive LN, and involved surgical margins). Patients with
only one intermediate-risk factor were exempted from any
adjuvant treatment. After treatment, patients were followed
up every three months for the first two years, every six
months for the next three years, and once per year after that.
If adjuvant therapy was administrated, a monthly follow-up
was ensured for the first six months after surgery. Follow-up
visits included pelvic examinations, abdominal ultraso-
nography, chest X-ray, routine blood test, serum squamous
cell carcinoma antigen (SCC-Ag), vaginal cytology, com-
puted tomography (CT), or magnetic resonance imaging
(MRI) scan. Written informed consent was obtained from all
the participants preoperatively. The study was approved by
the ethics committee at our center.

Demographic and clinical characteristics of the patients,
along with survival data, were assessed. The pathologic
evaluation included patients’ age, menopausal status, FIGO
stage, tumor diameter, depth of stromal invasion, LVSI,
parametrial involvement, vaginal margin invasion, LN
metastasis, and number of RLN. The gynecology-dedicated
pathologists dissected fat and lymphatic specimens to
identify lymph nodes, and the total number of RLN in each
case was obtained from the descriptions of pathologists.
Separate analyses were performed for LN positive and LN
negative patients.

2.2. Statistical Analyses. The RLN cutoff points were de-
termined using the X-tile program [18], which identified the
cutoff value with the minimum P values from log-rank y2
statistics for the categorical RLN in terms of progression-free
survival (PFS) and overall survival (OS). PFS was defined as
the time of primary surgery to the first disease progression
and OS was defined as the interval from the date of primary
surgery to death or the latest observation. Pearson’s x2 test
was used to analyze the association between the number of
RLN and clinical and pathological features in CSCC patients.
Kaplan-Meier survival curves were used to compare the PFS
or OS between different groups of patients. Hazard ratios
(HR) with 95% confidence intervals (CI) were calculated by
univariate and multivariate analyses using Cox proportional
hazards models to evaluate the prognostic factors for sur-
vival. To test whether the chosen cutoff values impacted the
relative performance of RLN, we analyzed the number of
RLN as both continuous and categorical variables. P <0.05
was considered to indicate statistical significance. All sta-
tistical analyses were performed with SPSS (Version 22.0;
SPSS Inc, Chicago, I1I).

3. Results

3.1. Patient Demographics. A total of 3,127 patients who met
the inclusion criteria were enrolled in the analysis. The
median age of these patients was 47 (range: 23-97), and
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32.8% (1,025 of 3,127) of patients were in menopause.
Among the patients, 668 (21.4%) cases had LN metastasis,
and parametrial area and vagina were involved in 4.6% and
3.6% of cases, respectively. The mean follow-up time was
40.1 months (range: 4-116 months). All the patients un-
derwent radical abdominal surgery, of whom 100% of the
patients received the pelvic lymphadenectomy. There were
1,984 patients (63.4%) receiving postoperative adjuvant
therapy, including adjuvant radiotherapy and chemother-
apy. The distribution of the numbers of RLN in the cohort
was shown in Figure 1. The total numbers of dissected lymph
nodes were up to 68,326, and the mean number of RLN was
22 (range: 6-55).

3.2. The Optimal Cutoff Value for RLN Count Calculated by
X-Tile. Patients’ information of PFS and OS were input to
X-tile software with the number of RLN, respectively, and
the optimal cutoff points for the RLN were analyzed by the
computer program. The cutoff point of RLN for PFS was
“217, which divided the patients into two groups: “RLN <21”
group and “RLN >21” group. The RLN for OS was divided
into two groups with “16” as the boundary: “RLN <16 and
“RLN >16” group (Figure 2).

3.3. Clinical and Pathological Characteristics and Survival
Analysis. Table 1 provides a complete display of the clinical
and demographic characteristics of the cohort, stratified by
number of RLN. For PFS, 1,675 (53.6%) cases had 6-21
nodes removed, and 1,452 (46.4%) cases had 22-55 nodes
removed, and for OS, 733 (23.4%) cases had 6-16 nodes
removed, and 2,394 (76.6%) cases had 17-55 nodes re-
moved. When the groups were compared separately, there
was a significant difference in tumor diameter (Ppgg < 0.001
and Pog < 0.001), but no significant differences were found
in patients’ age, menopausal status, FIGO stage, depth of
stromal invasion, LVSI, parametrial involvement, or vaginal
margin invasion. The Kaplan-Meier survival curve showed
that RLN was not associated with PFS (P =0.182,
Figure 3(a)) or OS (P = 0.193, Figure 3(b)), respectively.

3.4. Cox Proportional Hazards Regression Analysis. As shown
in Table 2, we used Cox proportional hazards regression
model to assess the relationship between clinical and
pathologic factors with PES and OS in the entire cohort; the
univariable Cox model results showed that patients’ age
(P =0.014), menopausal status (P = 0.004), FIGO stage
(P<0.001), tumor diameter (P <0.001), depth of stromal
invasion (P <0.001), LVSI (P < 0.001), parametrial invasion
(P <0.001), vaginal margin invasion (P <0.001), LN me-
tastasis (P < 0.001), and adjuvant therapy (P < 0.001) were all
prognostic factors for PFS. However, the number of RLN
was not a prognostic factor for PFS, either as a categorical
variable (P = 0.183) or as a continuous variable (P = 0.218).
Moreover, in multivariate analysis, the number of RLN was
not an independent prognostic factor for PFS, either as a
categorical variable (P = 0.528) or as a continuous variable
(P =0.523). Analyses for prognostic factors predicting OS
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showed similar results; the number of RLN was not a
prognostic ~ factor  either in  univariate  analysis
(Pcategorical = 0.194,  Pontinuous = 0.420) or in multivariate
anaIYSis (Pcategorical =0.292, Pcontinuous: 0853)

3.5. Subgroup Analyses. Subgroup analyses were performed
for LN positive and LN negative patients. In LN positive
cohort (n=668), as shown in Figures 4(a) and 4(b), the
number of RLN did not show a statistically significant as-
sociation with either PFS (P = 0.212) or OS (P = 0.173). The
univariate and multivariate analyses for PFS and OS showed
that the number of RLN is not a prognostic factor, either as a
categorical variable (univariate: Ppps=0.542, Pos=0.176;
multivariate: Pppg=0.853, Pos=0.419) or as a continuous
variable (univariate: Pppg=0.625, Pog=0.763; multivariate:
Ppps=0.938, Pog = 0.458, Table 3). We then moved from the
LN positive cohort to the LN negative cohort and repeated
the same analyses. As shown in Figures 4(c) and 4(d), the
number of RLN was not significantly correlated with PFS
(P =0.540) and OS (P = 0.497). The univariate and mul-
tivariate analyses for PFS and OS showed that the number of
RLN is not a prognostic factor, either as a categorical variable

(univariate:  Ppps=0.213, Pos=0.498;  multivariate:
Ppps=0.199; Pog=0.393) or as a continuous variable
(univariate:  Ppps=0.353, Ppg=0.211;  multivariate:

PPFS =0.267, POS =0.295, Table 4)

4, Discussion

For cervical cancer, until the new FIGO staging system was
established in 2018 [19], LN status did not modify the FIGO
stage. However, if LN metastases are present, the 5-year
survival rate is to drop from 85% to 50% [20]. In this study,
the five-year PFS rate of patients with and without nodal
metastasis was 57.1% and 87.4%, respectively, and the five-
year OS rate was 82.4% and 94.7%, respectively. Therefore,
over time, gynecologic oncologists have been absorbed in
pursuing a more thorough lymphadenectomy. The extent of
lymph node area has been enlarged, and the completeness of
LN dissection has even been the basis for surgical skills.
Thus, the potential therapeutic role of lymphadenectomy for
patients with early-stage cervical cancer has got scant at-
tention. However, as the treatment of cancer is becoming
more and more precise and individualized, surgical
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TaBLE 1: Association between number of RLN and clinical and pathological features.

. RLN (PES) RLN (OS)

Variable Total N P value P value
6-21N 21-55N 6-16 N 17-55N

Age, years 0.507 0.86
<50 2013 1078 935 474 1539
>50 1114 597 517 259 855
Menopausal status 0.62 0.653
Premenopausal 2102 1119 983 498 1604
Postmenopausal 1025 556 469 235 790
FIGO stage 0.914 0.309
1B 1692 908 784 409 1283
ITA 1435 767 668 324 1111
Tumor diameter (cm) <0.001* <0.001*
<4 2166 1206 960 545 1621
>4 791 377 414 148 643
Depth of stromal invasion 0.423 0.081
<1/2 1044 570 474 266 778
>1/2 2031 1077 954 460 1571
LVSI 0.789 0.964
Negative 1863 1001 862 438 1425
Positive 1092 581 511 258 834
Parametrial invasion 0.198 0.615
Negative 2934 1580 1354 688 2246
Positive 143 69 74 36 107
Vaginal margin invasion 0.923 0.139
Negative 2958 1584 1374 686 2272
Positive 112 61 51 33 79

RLN, removed lymph nodes; PFS, progression-free survival; OS, overall survival; FIGO, Federation of Gynecology and Obstetrics; LVSI, lymph-vascular space
invasion; RLN, removed lymph nodes.
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oncologists need to calm down and think about whether the
patients could benefit from the “aggressive” LN dissections.

There had been some published researches on the
lymphadenectomy in cervical cancer, and the effect of the
number of RLN on survival in early-stage cervical cancer
patients remains questionable. In a Surveillance Epidemi-
ology and End Results (SEER) analysis of 5522 patients with
stage TA2-ITA cervical cancer patients who underwent
RHPL, Shah et al. concluded that node-negative and early-
stage cervical cancer patients attained the better survival
from a more extensive lymphadenectomy [14]. In another
retrospective study, Kim et al. found the increased number
of RLN was associated with better survival in patients treated
with surgical treatment compared to those treated with
neoadjuvant chemotherapy followed by surgery [21].
However, Pieterse et al. found that there was no relation
between the number of RLN and survival for LN negative
patients but noted the improved survival in LN positive
patients with a higher number of RLN [22]. But, in a study by
Shah et al., who also separated patients into LN positive and
LN negative groups, a more extensive lymphadenectomy
had no effect on survival among patients with positive LN.
For patients with negative LN, the higher number of RLN
was associated with improved survival [15]. On the contrary,
Mao et al. indicated that the number of RLN was not an
independent prognostic factor for patients with node-neg-
ative early cervical cancer in a study of 359 lymph-node-
negative patients with FIGO stage IA-IIB cervical cancer
[16].

The same issue led to many inconsistent conclusions
noted by other studies [23, 24]. The reason was that not all
patients underwent the same extent of dissection. For in-
stance, patients with comorbidities often received less ex-
tensive procedures than healthier patients, and the
experienced surgeons could perform a more aggressive
pelvic node dissection. Besides, except for the surgical ap-
proach, the number of RLN may also be affected by some
other bias, including the method of LN submission,

pathologist’s performance, physiologic variation, and in-
clusion of different pathological types. Analysis of the effects
of removing a different number of LN may be biased.

The patients in our study were more homogenous as only
CSCC was included, and patients with comorbidities were
excluded. Also, we limited our analysis to stage IB-IIA
patients and patients with stage IA2 were excluded for the
prevalence of positive nodes, or pelvic wall recurrence is
much lower in patients with stage IA2 cervical cancer than in
patients with stage IB-IIA cervical cancer [25]. In the current
study, the number of RLN was not associated with PFS and
OS. Besides, Cox regression analysis showed that the
number of RLN was not an independent prognostic factor
for PES and OS in all patients, LN positive or LN negative
patients, respectively.

In one of our previous studies, we compared the
prognostic accuracy of four LN staging systems—the 2018
FIGO stage, number of positive lymph nodes (PLN),
metastatic lymph node ratio (LNR), and log odds of
positive lymph nodes systems—in patients with node-
positive CSCC following radical surgery, and found the
PLN system seemed to be the most accurate LN staging
method, indicating that the number of PLN rather than
the number of RLN is the real factor affecting the prog-
nosis of patients [26]. Therefore, it brings us the thoughts
of the necessity for complete lymphadenectomy, which
could also bring the related complications. It also brings
us the question of how can we accurately assess the LN
status preoperatively or intraoperatively? Progress in
imaging techniques does provide less invasive methods
for identifying lymph node metastases with high accuracy.
Some of the new methods reported for diagnosis of the
nodal disease include diffusion-weighted imaging [27],
FDG PET combined with diagnostic CT [28], contrast-
enhanced ultrasound [29], and CT guided 1251 seed in-
terstitial implantation [30]. Besides, prediction models for
LN metastasis in cervical cancer patients based on clinical
and pathological parameters were established [31, 32].
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lymph nodes; LN, lymph nodes.

Moreover, recent studies supported the safety and
feasibility of sentinel lymph node biopsy for early-stage
cervical cancer [33, 34]. Large-scale and prospective
studies are to be established to ensure the safety and ac-
curacy of the above approaches to make the treatment of
cervical cancer more accurate. More tailored and less
invasive approaches should be encouraged to assess the
nodal status and to remove suspicious lymph nodes se-
lectively, especially for patients with low risk of lymph
node metastasis. On the other hand, for LN positive pa-
tients, lymph node micrometastases might continue when
fewer nodes were dissected. Patients with higher numbers
of LN dissected appeared more likely to have micro-
metastases removed, which may bring a better survival.
However, our findings suggested that even patients with
LN positive did not benefit from a higher number of RLN.

It should be noted that cervical cancer with other path-
ological types, instead of CSCC, may have different results.
More studies are needed to find out the relationship be-
tween the number of RLN and patients’ survival among
these pathological types. Different therapeutic strategies
for these patients may be selected.

We acknowledge that there were several limitations to
our study. First, all data were obtained from a single in-
stitution, and this may not reflect the status in other centers.
Second, as with previous studies, our study is a retrospective
study with the possibility of selection bias. However, to date,
all studies investigating the number of RLN as a possible
prognosticator are retrospective. Accordingly, in the case of
cervical cancer, more reliable prospective randomized trials
may be required to define whether the number of RLN is
associated with survival.
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5. Conclusions

If a standardized complete lymphadenectomy was per-
formed, the number of lymph nodes removed was not an
independent prognostic factor for survival among CSCC
patients. Future prospective studies are needed to expand
these findings.

Abbreviations

RLN:  Removed lymph nodes

FIGO: International Federation of Gynecology and
Obstetrics

CSCC:  Cervical squamous cell carcinoma

RHPL: Radical hysterectomy with pelvic
lymphadenectomy

PES: Progression-free survival

OS: Overall survival

LN: Lymph nodes
LVSI:

Lymph-vascular space invasion
SCC-  Serum squamous cell carcinoma antigen
Ag:
CT: Computed tomography
MRI:  Magnetic resonance imaging
HR: Hazard ratios
CL Confidence intervals
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