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Purpose: Metastatic lymph node ratio (MLNR) was reported to be an important prognostic 

factor in several tumors. However, depth of primary tumor invasion is also important in cervical 

cancer prognostic analysis. In this study, the objective was to determine if MLNR can be used 

to define a high-risk category of patients with squamous cell carcinoma of the cervix (SCC). 

And we combined MLNR and depth of invasion to investigate whether prognosis of SCC can 

be predicted better.

Patients and methods: We performed a retrospective review of patients with SCC who 

underwent radical hysterectomy and pelvic lymphadenectomy at QiLu Hospital of Shandong 

University from January 2007 to December 2009. Prognostic factors for disease-free survival 

(DFS) and overall survival (OS) were identified by univariate and multivariate analyses.

Results: One hundred and ninety-eight patients met the inclusion criteria and were included in 

the analysis. By cut-point survival analysis, MLNR cutoff was designed as 0.2. On multivariate 

analysis, an MLNR 0.2 was associated with a worse OS (hazard ratio [HR] =2.560, 95% CI 

1.275–5.143, P=0.008) and DFS (HR =2.404, 95% CI 1.202–4.809, P=0.013). Depth of invasion 

cutoff was designed as invasion 1/2 cervix wall and was associated with a worse OS (HR =1.806, 

95% CI 1.063–3.070, P=0.029) and DFS (HR =1.900, 95% CI 1.101–3.279, P=0.021). In addition, 

subgroup analysis revealed significant difference in OS and DFS rates between different MLNR 

categories within the same depth of invasion category (P0.05), however, not between different 

depth of invasion categories within the same MLNR category (P0.05).

Conclusion: MLNR may be used as the independent prognostic parameter in patients with SCC. 

Combined MLNR and depth of invasion can predict both OS and DFS better in SCC than one fac-

tor. Besides, MLNR appears to be a better prognostic value than depth of invasion for SCC.

Keywords: squamous cell carcinoma of the cervix, metastatic lymph node ratio, radical 

hysterectomy, prognosis

Introduction
Cervical cancer is the fourth leading cause of cancer deaths, as well as the third 

most common cancer, found in women worldwide. Although the treatment has been 

improved, the overall survival (OS) of cervical cancer remains poor.1,2 Cervical cancer 

comprises 80% of squamous cell carcinoma of the cervix (SCC).3 Many clinical and 

pathologic factors, such as positive lymph node metastases, size of primary tumor, 

depth of primary tumor invasion, lymphovascular space invasion, close or positive mar-

gins, and parametrial involvement, have been found at increasing risk for recurrence. 

Among these risk factors, the presence of lymph node metastases is an independent 

prognostic factor for OS. It has been reported that cervical cancer patients with meta-

static lymph nodes, compared to node-negative patients, have worse prognosis after 

operation.4 In addition, cervical cancer staging clinically depends on the International 
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Federation of Gynecology and Obstetrics (FIGO) staging 

system of uterine cervical cancer, and the status of lymph 

node is not included in it. However, because lymph node 

metastasis is an important risk factor for recurrence, it is 

essential for an accurate knowledge of lymph node status to 

describe prognosis in SCC.

The status of lymph node metastasis is an important 

prognostic factor in many solid tumors. The metastatic lymph 

node ratio (MLNR), the ratio of positive nodes to the total 

number of total retrieved nodes, which is reported to show 

metastatic lymph node status more clearly, has been used 

to predict prognosis of breast, colorectal, esophageal, and 

gastric cancers.5–9 Recently, there has been interest in using 

MLNR as a prognostic tool to assess the comprehensive 

nature of lymphadenectomy in gynecologic malignancies, 

including cervical and endometrial cancers. Nevertheless, 

the study of MLNR in prognostic evaluation for patients 

with SCC is few and disputable.

The objective of this study was to investigate the cor-

relation between MLNR and prognosis of SCC. We also 

aimed to determine if the depth of primary tumor invasion 

combined with MLNR could predict the survival of patients 

with SCC preferably.

Patients and methods
Patients
In this study, a series of 198 patients with cervical squamous 

cell carcinoma who underwent radical hysterectomy and 

pelvic lymph adenectomy at QiLu Hospital of Shandong Uni-

versity, from January 2007 to December 2009, were included 

in the analysis. The study was approved by the Institutional 

Review Board of the Department of Radiation Oncology, 

QiLu Hospital of Shandong University. The patients provided 

written informed consent to be included in this study. Patients 

were excluded when they received preoperative chemotherapy 

or radiotherapy, as well as they could not be contacted during 

follow-ups. Clinicopathological, tumor-specific, and adjuvant 

therapy data were obtained from the patients’ medical record-

ing system of QiLu Hospital. Descriptive statistics were used 

to summarize the demographic and clinical characteristics 

of the patients. Patients’ histological documentation was 

assessed by two independent gynecologic pathologists.

statistical analysis
The MLNR was defined as the ratio of metastatic lymph 

nodes to total lymph nodes harvested. The largest log-rank 

test statistic was applied to detect the optimal cutoff point for 

the number of the lymph node ratio as predictors of surviv-

al.10 Then, the patients were retrospectively divided into two 

groups according to MLNR for analysis. The depth of primary 

tumor invasion was measured from the most superficial 

epithelial–stromal interface of the adjacent intraepithelial 

process to the lower limits of invasion.11 The follow-up was 

completed in October 2014. Survival time was calculated 

from the date of surgery to the event or the last follow-up. Sur-

vival analyses were performed by Kaplan–Meier curves with 

log-rank tests for significance. Statistical analyses included 

univariate analysis and multivariate analysis. Univariable 

Cox regression analyses were performed using disease recur-

rence or death as the outcomes with a significance level of 

P0.05. Multivariate analysis was carried out with a Cox 

proportional hazards model to evaluate MLNR and other 

prognostic factors with respect to disease-free survival (DFS) 

and overall survival (OS). Hazard ratios (HRs) and 95% CIs 

were calculated. A value of P0.05 was considered as sta-

tistically significant. All statistical analyses were conducted 

using the SPSS statistical software package (Version 20.0; 

IBM Corporation, Armonk, NY, USA).

Results
One hundred and ninety-eight patients (100%) with SCC 

were included in the analysis. Some of them were found to 

have positive lymph node metastases at the time of radical 

hysterectomy and pelvic lymphadenectomy. Clinicopatho-

logic characteristics were shown in Table 1. Median total 

lymph nodes harvested were 16 (range: 2–31 nodes).

The median DFS of this cohort was 56.7 months, and 

5-year DFS rate was 55.5%. The median OS of this cohort was 

61.3 months, and 5-year OS rate was 56.6%. Kaplan–Meier 

survival analysis revealed a correlation between MLNR and 

OS and DFS times. Patients with MLNR 0.2 had significantly 

worse DFS (P0.001) and OS (P0.001) than those with 

MLNR 0.2. Kaplan–Meier curves of DFS and OS based on 

MLNR are shown in Figures 1 and 2. Survival analysis showed 

significant difference in OS (P0.001) and DFS (P0.001) 

among different depth of invasion categories in these entire 

data. Kaplan–Meier curves of DFS and OS based on depth of 

primary tumor invasion are shown in Figures 3 and 4.

Univariate survival analysis indicated that size of primary 

tumor, depth of primary tumor invasion, MLNR, and radio-

therapy were potential prognostic factors correlated with 

OS and DFS (all P0.05; Table 2). Multivariate analyses 

were performed using Cox proportional hazards regression. 

Multivariate analysis demonstrated that MLNR 0.2 was 

independent adverse prognostic factor for OS (HR =2.560, 

95% CI 1.275–5.143, P=0.008) and DFS (HR =2.404, 95% 

CI 1.202–4.809, P=0.013). On multivariate analysis for 

OS, size of primary tumor 4 cm (HR =2.771, 95% CI  
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1.663–4.617, P0.001), stage (HR 1.825, 95% CI 1.046–

3.183, P=0.034), and depth of primary tumor invasion 1/2 

(HR =1.806, 95% CI 1.063–3.070, P=0.029) were signifi-

cantly associated with a worse OS. For DFS, size of primary 

tumor 4 cm (HR =2.854, 95% CI 1.714–4.753, P0.001), 

stage (HR =1.832, 95% CI 1.052–3.188, P=0.032), and 

depth of primary tumor invasion 1/2 (HR =2.008, 95% CI 

1.200–3.358, P=0.008) were independent prognostic factors 

Table 1 clinicopathologic characteristics

Characteristics n (range, %)

Median age, years (range) 44.0 (39.0–52.0)
Pathologic type

squamous 198 (100%)
histological grade

Well 45 (22.7%)
Moderate 61 (30.8%)
Poor 92 (46.5%)

Size of primary tumor (cm)
4 161 (81.3%)

4 37 (18.7%)
Number of metastatic lymph nodes

0 147 (74.2%)
1 14 (7.1%)
2–5 25 (12.6%)
5 12 (6.1%)

Metastatic lymph node ratio
0.2 171 (86.4%)

0.2 27 (13.6%)
Depth of primary tumor invasion

1/2 105 (53%)

1/2 93 (47%)
Stage (FIGO)

ia2 29 (14.6%)
iB1 67 (33.8%)
iB2 24 (12.1%)
iia 51 (25.8%)
iiB 27 (13.6%)

Treatment regimen
surgery only 84 (42.4%)
surgery plus postoperative r 57 (28.8%)
surgery plus postoperative c 26 (13.1%)
surgery plus postoperative crT 31 (15.7%)

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; 
R, radiotherapy; C, chemotherapy; CRT, chemoradiotherapy.

Figure 1 DFS curve for 198 patients with SCC according to the MLNR (MLNR 0.2 
and MLNR 0.2).
Abbreviations: DFS, disease-free survival; SCC, squamous carcinoma of the cervix; 
MLNR, metastatic lymph node ratio.

Figure 2 OS curve for 198 patients with SCC according to the MLNR (MLNR 0.2 
and MLNR 0.2).
Abbreviations: OS, overall survival; SCC, squamous carcinoma of the cervix; 
MLNR, metastatic lymph node ratio.

Figure 3 DFS curve for 198 patients with SCC according to the depth of primary 
tumor invasion (depth 1/2 and depth 1/2).
Note: Depth, depth of primary tumor invasion.
Abbreviations: DFS, disease-free survival; SCC, squamous carcinoma of the cervix.
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on multivariate analysis. Besides, radiotherapy was also asso-

ciated with improved OS (HR =0.463, 95% CI 0.292–0.735, 

P=0.001) and DFS (HR =0.485, 95% CI 0.306–0.768, 

P=0.002) (Table 3). The number of positive lymph nodes was 

not significantly associated with progression-free survival or 

OS on multivariate analysis.

Significant differences in OS and DFS rates were found 

between different MLNR categories within the same depth 

of invasion category (P0.05; Table 4). However, different 

depth of invasion categories was not significantly associated 

with different OS or DFS within the same MLNR category, 

especially MLNR 0.2 (P0.05; Table 5).

Discussion
In this study, we found that MLNR 0.2 was associated 

with a worse significant DFS and OS in patients with SCC 

than MLNR 0.2. This proved prognostic value of MLNR 

as an independent factor in patients with SCC who under-

went radical hysterectomy and pelvic lymphadenectomy. 

Figure 4 OS curve for 198 patients with SCC according to the depth of primary 
tumor invasion (depth 1/2 and depth 1/2).
Note: Depth, depth of primary tumor invasion.
Abbreviations: OS, overall survival; SCC, squamous carcinoma of the cervix.

Table 2 Univariate analysis of factors associated with OS and DFS

OS DFS

P-value HR 95% CI P-value HR 95% CI

histological grade
Well 0.021 1.000 Ref 0.022 1.000 Ref
Moderately 0.069 1.868 0.953–3.661 0.079 1.829 0.933–3.585
Poorly 0.006 2.432 1.293–4.577 0.006 2.410 1.281–4.535

Size of primary tumor
4 cm 0.001 1.000 Ref 0.001 1.000 Ref
4 cm 0.001 3.622 2.319–5.659 0.001 3.782 2.416–5.919

Depth of primary tumor invasion
1/2 0.001 1.000 Ref 0.001 1.000 Ref
1/2 0.001 3.067 1.982–4.746 0.001 3.198 2.065–4.955

Number of metastatic lymph nodes
0 0.001 1.000 Ref 0.001 1.000 Ref
1 0.052 2.017 0.994–4.095 0.045 2.062 1.015–4.186
2~5 0.001 2.554 1.474–4.425 0.001 2.510 1.450–4.344
5 0.001 10.521 5.476–20.213 0.001 8.847 4.628–16.913

Metastatic lymph node ratio
0.2 0.001 1.000 Ref 0.001 1.000 Ref
0.2 0.001 4.313 2.668–6.974 0.001 4.223 2.614–6.820

Stage (FIGO)
ia2 0.002 1.000 Ref 0.001 1.000 Ref
iB1 0.187 1.872 0.746–4.471 0.194 1.810 0.740–4.430
iB2 0.009 3.556 1.365–9.263 0.011 3.467 1.332–9.028
iia 0.003 3.795 1.578–9.129 0.003 3.834 1.593–9.227
iiB 0.002 4.312 1.686–11.062 0.002 4.495 1.757–11.501

Treatment regimen
surgery only 0.010 1.000 Ref 0.010 1.000 Ref
surgery plus postoperative r 0.011 0.502 0.296–0.853 0.020 0.535 0.315–0.908
surgery plus postoperative c 0.563 1.184 0.668–2.100 0.364 1.304 0.735–2.312
surgery plus postoperative crT 0.042 0.491 0.247–0.976 0.045 0.495 0.249–0.984

radiotherapy
no 0.001 1.000 Ref 0.001 1.000 Ref
Yes 0.001 0.478 0.308–0.741 0.001 0.489 0.315–0.758

Abbreviations: OS, overall survival; DFS, disease-free survival; HR, hazard ratio; Ref, reference; FIGO, International Federation of Gynecology and Obstetrics; R, radiotherapy; 
C, chemotherapy; CRT, chemoradiotherapy.
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Meanwhile, we found that other pathologic risk factors such 

as size of primary tumor 4 cm and depth of primary tumor 

invasion 1/2 were associated with a significantly worse 

DFS and OS. Consistent with historical data involving the 

use of adjuvant radiation in SCC, adjuvant radiotherapy in our 

cohort was associated with improved DFS and OS. Compared 

to the number of metastatic lymph nodes, MLNR showed 

better prognostic value in survival prediction for SCC.

Cervical cancer, according to histology, can be divided 

into squamous cell carcinoma, adenocarcinoma, and ade-

nosquamous carcinoma. SCC is mostly common in cervical 

cancer. In addition, cervical cancer remains a clinically 

staged disease, and lymph node status is not included in 

the FIGO staging system. However, several factors related 

to nodal status have been shown to affect the prognosis in 

SCC. These factors include the number of involved metastatic 

nodes, size of the metastatic deposits, and localization of the 

metastatic nodes in the pelvis.12–14 The presence of lymph 

node metastasis is an independent prognostic factor for prog-

nostic value.4 Thus, more and more attention has been focused 

on accurate knowledge of lymph node status in SCC.

Then, MLNR, the ratio of positive nodes to the total 

number of total retrieved nodes, was defined to describe the 

lymph node status of patients more accurately and was used 

to estimate DFS and OS in SCC. In previous studies, the 

association between low MLNR and improvement in survival 

for patients has been proved in various malignancies, such 

as breast cancer, gastric cancer, and colorectal cancer.7,15–17 

Meanwhile, MLNR was also proposed to be an indepen-

dent prognostic factor in esophageal cancer, gallbladder 

cancer, and pancreatic cancer.18–20 There has been recent 

interest in using MLNR as a prognostic tool in gynecologic 

malignancies, for instance, endometrial cancers. Previous 

multicenter retrospective studies in endometrial cancer have 

found MLNR to be associated with worse OS.21 Furthermore, 

Chan et al22 found that increasing MLNR (10%, 10–50%, 

and 50%) was associated with survival decrease from 

77.3% to 60.7% to 40.9% in endometrioid corpus cancer with 

lymph node metastasis and that MLNR was an important 

independent prognostic factor.

There have been a few previous retrospective studies 

evaluating the impact of MLNR in cervical cancer. Some 

studies examined whether involvement of a higher number 

of lymph nodes mate was associated with worse survival 

among patients with cervical cancer. A retrospective study 

of 95 patients who underwent radical hysterectomy and 

pelvic ± paraaortic lymphadenectomy for cervical cancer 

was conducted to assess predictors of survival. They found 

that progression-free survival and OS rates decreased with 

higher MLNR, and MLNR appears to be a useful tool to 

identify patients with worse prognosis in node-positive 

early-stage cervical cancer.23 In this study, our results 

showed a significant decrease in survival as the percentage 

of positive nodes increased. MLNR was pointed to predict 

survival more accurately than the number of lymph node 

metastases. Theoretically, the MLNR may obviate possible 

confounding effect related to the number of lymph nodes 

excised and the number of regional lymph nodes that varies 

in each individual and be more accurate to represent the status 

of pelvic lymph nodes.24 Nevertheless, the data of MLNR in 

Table 3 Multivariate analysis of factors associated with OS and DFS

OS DFS

P-value HR 95% CI P-value HR 95% CI

Metastatic lymph node ratio 0.008 2.560 1.275–5.143 0.013 2.404 1.202–4.809
Positive nodes (n0) 0.799 1.089 0.565–2.097 0.995 1.019 0.527–1.970
Depth of primary tumor invasion 0.029 1.806 1.063–3.070 0.021 1.900 1.101–3.279
Size of primary tumor 0.001 2.771 1.663–4.617 0.001 2.854 1.714–4.753
Stage (IIB) 0.034 1.825 1.046–3.183 0.032 1.832 1.052–3.188
radiotherapy 0.001 0.463 0.292–0.735 0.002 0.485 0.306–0.768

Abbreviations: OS, overall survival; DFS, disease-free survival; HR, hazard ratio.

Table 4 OS and DFS based on depth of primary tumor invasion category according to the MLNR category

OS DFS

MLNR 0.2 (%) MLNR 0.2 (%) P-value MLNR 0.2 (%) MLNR 0.2 (%) P-value

Depth 1/2 59.6 35.7 0.001 57.0 20.4 0.001
Depth 1/2 49.5 34.6 0.001 42.5 30.6 0.013

Note: Depth, depth of primary tumor invasion.
Abbreviations: OS, overall survival; DFS, disease-free survival; MLNR, metastatic lymph node ratio.
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Table 5 OS and DFS based on MLNR category according to the depth of primary tumor invasion category

OS DFS

Depth 1/2 Depth 1/2 P-value Depth 1/2 Depth 1/2 P-value

MLNR 0.2 (%) 59.6 49.5 0.001 57.0 42.5 0.001
MLNR 0.2 (%) 35.7 34.6 0.920 20.4 30.6 0.362

Note: Depth, depth of primary tumor invasion.
Abbreviations: OS, overall survival; DFS, disease-free survival; MLNR, metastatic lymph node ratio.

prognostic evaluation for patients with cervical cancer are 

few and disputable, although Horn et al14 proved that the 

number of metastatic lymph node was an independent prog-

nostic factor in cervical carcinomas. Similarly, Polterauer 

et al25 showed that MLNR was an independent prognostic 

parameter in patients with lymph node metastasis cervical 

cancer and superior to the number of metastatic lymph node 

in evaluation of OS.

Our study evaluated the prognostic value of MLNR in 

SCC. We divided the whole cases into two groups based on 

their MLNR for survival analysis. We found that patients 

with MLNR 0.2 had a worse OS and DFS than patients 

with MLNR 0.2. Our result was consistent with many 

previous studies, which clarified the significance of MLNR 

in OS and DFS of patients with cervical cancer. One of 

the selected criteria of our study was patients with cervical 

cancer not receiving any therapy before radical hysterectomy 

and pelvic ± paraaortic lymphadenectomy. We intended to 

investigate the long-term outcome of patients after radical 

hysterectomy, and preoperative therapy can affect the out-

come after radical hysterectomy to a certain extent. Preop-

erative therapy helps in downstaging cervical cancer, thus 

enhancing the chance of curative resection and improving the 

prognosis of patients with cervical cancer.26,27 So we excluded 

patients who had preoperative therapy from our study to 

eliminate this effect. However, Chen et al28 retrospectively 

analyzed 588 patients with cervical cancer taking into account 

cisplatin-based chemotherapy before surgery. One hundred 

and seventy-two patients who received one to three cycles of 

cisplatin-based chemotherapy before surgery were included 

in this study. They found that the prognostic role of the ratio 

of metastatic lymph nodes was maintained regardless of 

patients receiving neoadjuvant chemoradiation or not.

Furthermore, as we all know it is difficult to demonstrate 

whether MLNR is better than the depth of the primary tumor 

invasion. We need to take the results in the exact context to 

evaluate. In this study, we have figured out that both MLNR 

and the depth of the primary invasion were associated with 

DFS and OS in SCC. But after comparison of survival rates 

between patient subsets in either of the depth of the primary 

tumor invasion classification, we found significant difference 

in OS and DFS rates between different MLNR categories 

within the same category of the depth of invasion but not 

between different depth of invasion categories within the 

same MLNR category. These results confirmed that MLNR 

showed better prognostic value than depth of the primary 

tumor invasion for SCC. Lymph node metastasis is closely 

related with the recurrence and survival of cervical squamous 

cell carcinoma. Therefore, closer relation was found between 

MLNR and survival rates.

In this study, MLNR 0.2 and depth of primary 

tumor 4 cm as well as size of primary tumor were associ-

ated with worse OS and DFS in SCC; adjuvant radiotherapy 

in our cohort was associated with improved DFS and OS. 

However, our study did not provide the evidence that the 

lower the MLNR gained, the better the prognosis achieved. 

It has been proved that postoperative complications occurred 

more frequently with increasing number of lymph nodes 

retrieved.29 Furthermore, Soliman et al emphasized that more 

extensive pelvic lymphadenectomies are associated with 

longer operating times, greater blood loss, and postoperative 

complications.30 That is to say, optimal MLNR can increase 

the likelihood of proper staging and improve patient outcome 

with minimal complications.

Our study is limited by its retrospective nature and its 

inherent bias. Moreover, the sample size was small since 

there were only 198 cases included. Large-sample clinical 

analysis is required for further study.

Conclusion
MLNR may be used as the independent prognostic parameter 

in patients with cervical squamous cell carcinoma who under-

went radical hysterectomy and pelvic lymphadenectomy. 

In addition, combined MLNR and depth of primary tumor 

invasion can predict both OS and DFS in SCC better than 

one factor. Besides, MLNR appears to be a better prognostic 

value than depth of invasion for SCC. Further studies are 

needed to verify whether MLNR could be used to select the 

appropriate preventive measures for an individual with poor 

prognosis to improve outcomes.
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