
© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(11):11504-11511 | https://dx.doi.org/10.21037/apm-21-2559

Original Article

The prognostic value of the lymph node ratio in patients with 
stage IIIC ovarian cancer treated with preoperative chemotherapy

Jing Hai1#, Li Feng2#, Jing Yang1, Xianyi Niu3, Hong Jiang4

1Gynecological Oncology Division 1, Department of Gynecology, Xinxiang Central Hospital, The Fourth Clinical Medical College of Xinxiang 

Medical University, Xinxiang, China; 2Department of Oncology, No. 940 Hospital of the Joint Logistics Support Force of the Chinese People’s 

Liberation Army, Lanzhou, China; 3District 2 of the Department of Gynecology, Affiliated Hospital of Chifeng College, Chifeng City, Inner 

Mongolia Autonomous Region, Chifeng, Inner Mongolia, China; 4Department of Obstetrics and Gynecology, Xiamen Chang Gung Hospital, 

Xiamen, China

Contributions: (I) Conception and design: J Hai, H Jiang; (II) Administrative support: J Hai, H Jiang; (III) Provision of study materials or patients: All 

authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) 

Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Hong Jiang. Department of Obstetrics and Gynecology, Xiamen Chang Gung Hospital, Xiamen, China.  

Email: jianghong0769@sina.com.

Background: Ovarian cancer is a major cause of morbidity and mortality in females. Due to the 
unremarkable symptoms associated with early ovarian cancer, many patients are already in the advanced stages 
at first diagnosis. Recent studies have shown that the lymph node ratio (LNR) has a certain value in predicting 
the prognosis of patients with ovarian cancer. However, preoperative chemotherapy may lead to changes in the 
LNR, and thus, the predictive value of the LNR in such patients is unclear. Therefore, this study examined 
the predictive value of the LNR in ovarian cancer patients undergoing preoperative chemotherapy. 
Methods: A total of 208 patients with stage IIIC ovarian cancer, who were treated in the Fourth Clinical 
Medical College of Xinxiang Medical University, Xinxiang Central Hospital from January 2014 to January 
2016, were recruited for this study. The median LNR was 0.32. Patients with LNR <0.32 were defined as the 
control group and those with LNR ≥0.32 were defined as the observation group. The prognosis of the two 
groups was compared. 
Results: The LNR in the observation group was significantly higher than that of the control group 
(0.63±0.21 vs. 0.19±0.08; P=0.000). Patients in the observation group showed significantly higher 
postoperative recurrence rates (51.92% vs. 22.12%; P=0.000), greater incidences of postoperative metastasis 
(43.27% vs. 17.31%; P=0.000), and significantly increased postoperative mortality (36.54% vs. 11.54%; 
P=0.000) compared to the control group. The survival function showed that the overall survival, recurrence-
free survival, and metastasis-free survival were all significantly shorter in the observation group compared to 
the control group (P=0.000). The receiver operating characteristic curves showed that the LNR had certain 
diagnostic value for postoperative recurrence [area under the curve (AUC) =0.658; 95% confidence interval 
(CI): 0.582 to 0.734; P=0.000], postoperative metastasis (AUC =0.640; 95% CI: 0.560 to 0.720; P=0.001), and 
postoperative mortality (AUC =0.653; 95% CI: 0.569 to 0.737; P=0.001) in patients with stage IIIC ovarian 
cancer treated with preoperative chemotherapy. 
Conclusions: The LNR has good prognostic value in patients with locally advanced ovarian cancer treated 
with preoperative chemotherapy.
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Introduction

Ovarian cancer is the fifth leading cause of cancer-related 
deaths in females. As the symptoms of early stage ovarian 
cancer are obscure, most patients present with locally 
advanced ovarian cancer at the time of diagnosis, resulting in 
reduced survival rates (1). At present, systemic inflammation 
can be used to predict the prognosis of patients with 
ovarian cancer, but its value is limited. Previous studies have 
shown that lymph node status is significantly related to the 
survival rate of patients with ovarian cancer (2,3). In fact, 
the Federation International of Gynecology and Obstetrics 
(FIGO) regards lymph node status as an important factor in 
the staging of ovarian cancer (4,5). Lymph node metastasis 
has a significant impact on the prognosis of patients with 
ovarian cancer and such patients will require systematic 
lymph node resection. Lymphadenectomy has been shown 
to improve the prognosis and survival of patients with 
advanced epithelial ovarian cancer (6). The lymph node ratio 
(LNR) is the ratio of the number of metastatic lymph nodes 
to the total number of lymph nodes dissected. The LNR has 
certain value in predicting the prognosis of ovarian cancer, 
breast cancer, esophageal cancer, and other malignancies 
(7-15). However, preoperative chemotherapy, which is 
often given to patients with stage IIIC ovarian cancer, can 
change the number of positive lymph nodes. Therefore, this 
study explored the predictive and prognostic value of the 
LNR in patients with stage IIIC ovarian cancer undergoing 
preoperative chemotherapy. We present the following article 
in accordance with the STARD reporting checklist (available 
at https://dx.doi.org/10.21037/apm-21-2559).

Methods

General data 

A total of 208 patients with stage IIIC epithelial ovarian 
cancer, who were treated in the Fourth Clinical Medical 
College of Xinxiang Medical University, Xinxiang Central 
Hospital from January 2014 to January 2016, were 
prospectively and continuously enrolled in this study. The 
median LNR was 0.32. Patients with a LNR <0.32 were 
defined as the control group (n=104), and those with LNR 
≥0.32 were defined as the observation group (n=104). 

The following inclusion criteria were applied in the 
selection process: (I) patients diagnosed with stage IIIC 
epithelial ovarian cancer; (II) patients who received 
preoperative chemotherapy in our hospital; (III) the lymph 
node status could be obtained after surgical treatment; 

(IV) patients were regularly followed-up for a period of  
5 years after the operation to assess postoperative 
recurrence, metastasis, death, and other data; (V) patient 
were females aged 18–65 years; and (VI) more than 10 
lymph nodes were cleaned during the operation. 

The following exclusion criteria were applied: (I) patients 
who presented with other malignant tumor or major 
disease; (II) patients who received radiotherapy, molecular 
targeted therapy, or other special treatment pre-operation; 
(III) patients with postoperative recurrence of ovarian 
cancer or distant metastasis; (IV) patients with dysfunction 
of the liver, kidney, heart, brain, lung, or other important 
organ that limited their tolerance to chemotherapy or 
surgery; (V) patients with insufficient clinical data; and (VI) 
patients who were transferred to another hospital during 
treatment or follow-up and the follow-up data could not be 
obtained. 

This study complies with the Declaration of Helsinki 
(as revised in 2013) and has been approved by the ethics 
committee of the Fourth Clinical Medical College of 
Xinxiang Medical University, Xinxiang Central Hospital 
(ethics approval No.: 2014-01-18). Informed consent was 
obtained from all patients. 

Treatment regimen 

All patients were given preoperative chemotherapy 
consisting of combined paclitaxel and carboplatin every  
21 days for 3 cycles. After 3 cycles of chemotherapy, radical 
operation for ovarian cancer and systematic lymph node 
dissection was performed.

Outcome measures 

Information regarding age, menstrual status, smoking 
history, alcohol consumption history, ovarian cancer cell 
differentiation, lesion location, cancer antigen (CA)125 and 
CA19-9 status, tumor size, ascites, postoperative recurrence, 
postoperative metastasis, postoperative mortality, and LNR 
were collated. LNR is defined as the number of positive 
lymph nodes divided by the total number of lymph nodes 
removed.

Statistical analysis 

The SPSS 26.0 (IBM, Chicago, IL, USA) software was used 
for statistical analysis. Continuous variables conforming 
to normal distribution are expressed as mean ± standard 
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deviation and the data from the two groups were analyzed by 
independent sample t-test. The count data of the two groups 
are expressed as n (%) and analyzed by the chi-square test. 
Survival function and chi-square tests were used to analyze 
the differences of postoperative recurrence, postoperative 
metastasis, and postoperative mortality between the two 
groups. Receiver operating characteristic (ROC) curves 
were used to analyze the diagnostic value of the LNR in 
postoperative recurrence, postoperative metastasis, and 
postoperative mortality of patients with stage IIIC ovarian 
cancer treated with preoperative chemotherapy.

Results

General patient characteristics 

Patients with a LNR <0.32 were defined as the control 
group (n=104), and those with LNR ≥0.32 were defined as 
the observation group (n=104). There were no statistically 
significant differences in the general data between the two 
groups, including age, menstrual status, and smoking and 
drinking history (P>0.05; Table 1).

Patient clinical characteristics 

There were no significant differences in the lesion location 
nor the incidence of ascites between the observation group 

and the control group (P>0.05). However, the levels of 
the cancer antigens CA125 and CA19-9 in patients in the 
observation group were significantly increased compared 
to the levels observed in patients from the control group 
(P<0.05; Table 2).

Pathological characteristics of the patients 

There were no significant differences in the grade of tumor 
cell differentiation between the two groups (P>0.05). 
However, the tumor size in the observation group was 
significantly greater than that in the control group 
(5.23±1.95 vs. 4.38±1.62 cm; P=0.001), and the LNR 
was also significantly elevated in the observation group 
compared to the control group (0.63±0.21 vs. 0.19±0.08; 
P=0.000; Table 3).

Postoperative follow-up of patients 

The postoperative recurrence rate was significantly 
higher in the observation group compared to the control 
group (51.92% vs. 22.12%; P=0.000). Similarly, both the 
postoperative metastasis rate (43.27% vs. 17.31%; P=0.000) 
and the postoperative mortality rate were significantly 
higher in the observation group compared to the control 
group (36.54% vs. 11.54%; P=0.000). The survival function 
showed that the overall survival, recurrence-free survival, 

Table 1 The general patient characteristics

Group n
Age (year),  
mean ± SD

Menstrual status 
(menolipsis), n (%)

Smoking history,  
n (%)

Drinking history,  
n (%)

Observation 104 57.84±8.76 76 (73.08) 12 (11.54) 6 (5.77)

Control 104 58.34±9.02 79 (75.96) 8 (7.69) 9 (8.65)

t/χ2 value 0.406 0.228 0.885 0.647

P value 0.686 0.663 0.347 0.421

SD, standard deviation.

Table 2 Basic clinical characteristics of the patients

Group n Lesion location (left), n (%) Ascites, n (%) CA125 (U/mL), mean ± SD CA19-9 (U/mL), mean ± SD

Observation 104 65 (62.50) 48 (46.15) 93.27±12.74 135.39±24.59

Control 104 60 (57.69) 43 (41.35) 86.48±10.72 118.85±31.48

t/χ2 value 0.501 0.488 4.159 4.223

P value 0.479 0.485 0.000 0.000

CA125, carbohydrate antigen 125; CA19-9, carbohydrate antigen 19-9.
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and metastasis-free survival in the observation group were 
all significantly shortened compared to the control group 
(P=0.000; Table 4 and Figures 1-3).

Diagnostic value of the LNR on postoperative recurrence, 
metastasis, and death in patients with stage IIIC ovarian 
cancer treated with preoperative chemotherapy 

The LNR has certain diagnostic value on the postoperative 
recurrence, metastasis, and death in patients with stage IIIC 
ovarian cancer treated with preoperative chemotherapy. The 
areas under the ROC curves for postoperative recurrence, 
metastasis, and mortality were 0.658 [95% confidence 
interval (CI): 0.582 to 0.734; P=0.000), 0.640 (95% CI: 0.560 
to 0.720); P=0.001], and 0.653 (95% CI: 0.569 to 0.737; 
P=0.001), respectively (Table 5 and Figures 4-6).

Diagnostic value of number of lymph node metastases on 
postoperative recurrence, metastasis, and death in patients 
with stage IIIC ovarian cancer treated with preoperative 
chemotherapy

The number of lymph node metastases has certain 
diagnostic value on the postoperative recurrence, metastasis, 
and death in patients with stage IIIC ovarian cancer treated 
with preoperative chemotherapy. The areas under the 
ROC curves for postoperative recurrence, metastasis, and 
mortality were 0.653 (95% CI: 0.576–0.729; P=0.000), 

0.625 (95% CI: 0.544–0.707; P=0.004), and 0.626 (95% CI: 
0.540–0.712; P=0.007), respectively (Figures 7-9).

Discussion

The pathogenic factors of ovarian tumors are unclear, but the 
environmental and endocrine effects are the most important 
among the pathogenic factors of ovarian tumors. Studies to 
date have confirmed that the LNR has good predictive value 
for the prognosis of patients with malignant tumors, including 
ovarian cancers (12-20). Preoperative chemotherapy has 
a certain impact on the lymph node status of patients 
with malignant tumors. Some patients with preoperative 
chemotherapy can achieve a complete pathological response, 
which can impact the prognostic value of the LNR (21-24). 
Unfortunately, there is currently a paucity of data examining 
the predictive value of the LNR in patients with stage IIIC 
ovarian cancer treated with preoperative chemotherapy. This 
current report demonstrated that in ovarian cancer patients 
with preoperative chemotherapy, a high LNR was associated 
with significantly elevated postoperative recurrence rates, 
postoperative metastasis rates, and postoperative mortality. 
Furthermore, the overall survival, recurrence-free survival, 
and metastasis-free survival were significantly shortened 
in patients with a high LNR. Therefore, the LNR was 
significantly associated with postoperative recurrence, 
metastasis, and mortality in patients with stage IIIC ovarian 
cancer treated with preoperative chemotherapy. The areas 

Table 3 The pathological characteristics of the patients 

Group n Grade of differentiation (middle or low differentiation), n (%) Tumor size (cm), mean ± SD LNR, mean ± SD

Observation 104 76 (73.08) 5.23±1.95 0.63±0.21

Control 104 67 (64.42) 4.38±1.62 0.19±0.08

t/χ2 value 1.813 3.419 19.946

P value 0.178 0.001 0.000

LNR, lymph node ratio; SD, standard deviation.

Table 4 Postoperative follow-up of patients 

Group n Recurrence, n (%) Metastasis, n (%) Mortality, n (%)

Observation 104 54 (51.92) 45 (43.27) 38 (36.54)

Control 104 23 (22.12) 18 (17.31) 12 (11.54)

χ2 value 19.816 16.599 17.798

P value 0.000 0.000 0.000
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under the curve were 0.658 (95% CI: 0.582 to 0.734; 
P=0.000), 0.640 (95% CI: 0.560 to 0.720; P=0.001), and 0.653 
(95% CI: 0.569 to 0.737; P=0.001), respectively.

Lymphatic metastasis is a significant metastatic pathway 
of ovarian cancer. The tumor cells can go up to the 
paraaortic lymph nodes along the ovarian vessels, through 
the ovarian lymphatic vessels. It can also reach the internal 
and external iliac lymph nodes along the lymphatic vessels 
of the ovarian portal, and pass through the lymph nodes 
near the common iliac artery to the lymph nodes near 
the abdominal aorta. Chan et al. analyzed the data of  
6,686 patients with stage I ovarian cancer. The 5-year 
survival rate of patients who underwent systematic 
lymphadenectomy was significantly improved (93.3% vs. 
85.9%; P<0.001) (25). Patients with simple lymph node 
recurrence after ovarian cancer surgery can be operated 

again. At the same time, postoperative radiotherapy and 
chemotherapy may be helpful to improve the prognosis 
of the patients. Ovarian cancer patients with lymph 
node metastasis are classified as stage IIIC by the FIGO 
staging system (4,5). The LNR is the ratio of the number 
of positive lymph nodes to the total number of lymph 
nodes cleaned during the operation. Therefore, patients 
with higher LNR have more lymph nodes that have been 
invaded with ovarian cancer, and thus, are more likely 
to relapse, metastasize, or die post-operatively (26,27). 
Studies have shown that LNR ≥0.42 is an independent 
risk factor for death in patients with ovarian cancer and 
this value has particular significant in predicting the 
prognosis of patients (12). A Turkish study involving  
229 patients with stage IIIC ovarian cancer divided the 
patients as follows: the LNR <10% group, the 10%≤ LNR 
<50% group, and the LNR ≥50% group. The results 
showed that the 5-year overall survival rates of the three 
groups were 65.1%, 42.5%, and 25.6%, respectively 
(P<0.001). Thus, increased LNR was an independent risk 
factor for mortality in patients with ovarian cancer (13). 
Another study based on the Surveillance, Epidemiology, 
and End Results (SEER) database showed that LNR had 
strong prognostic value in patients with ovarian cancer 
after stratification according to the number of lymph 
nodes, tumor histology, and tumor grade (14). Another 
study showed that LNR >0.25 was an independent risk 
factor for reduced overall survival (15). In agreement 
with these previous studies, this current investigation 
examining stage IIIC ovarian cancer patients undergoing 
preoperative chemotherapy, confirmed that the LNR has 
good prognostic value in such patients. Of course, we can 
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Figure 1 A comparison of the 5-year recurrence-free rate between 
the observation group and the control group (survival function: 
Wilcoxon test value =16.490; P=0.000).

Figure 3 A comparison of the 5-year survival rate between the 
observation group and the control group (survival function: 
Wilcoxon test value =19.273, P=0.000).

Figure 2 A comparison of the 5-year metastasis-free rate between 
the observation group and the control group (survival function: 
Wilcoxon test value =15.512, P=0.000).
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also use gene differences to predict the prognosis of patients 
with ovarian cancer, such as inflammation related genes. But 
these are in urgent need of further research.

This study was limited by the small sample size which 

was insufficient to conduct stratified analysis on ovarian 
cancer patients of different ages and different grades of 
differentiation. Future work should include larger sample 
sizes to further understand the prognostic role of the LNR. 

Table 5 The diagnostic value of the LNR on postoperative recurrence, metastasis, and mortality in patients with stage IIIC ovarian cancer treated 
with preoperative chemotherapy

Indicator Area under the curve Standard error P value 95% CI

Recurrence rate 0.658 0.039 0.000 0.582–0.734

Metastasis rate 0.640 0.041 0.001 0.560–0.720

Mortality 0.653 0.043 0.001 0.569–0.737

LNR, lymph node ratio; CI, confidence interval.

1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity

0.0       0.2       0.4        0.6       0.8        1.0
1−Specificity

Figure 4 The diagnostic value of the lymph node ratio (LNR) in 
postoperative recurrence of stage IIIC ovarian cancer treated with 
preoperative chemotherapy.

Figure 6 The diagnostic value of the lymph node ratio (LNR) 
in postoperative death of patients with stage IIIC ovarian cancer 
treated with preoperative chemotherapy.

Figure 5 The diagnostic value of the lymph node ratio (LNR) in 
postoperative metastasis of stage IIIC ovarian cancer treated with 
preoperative chemotherapy.

Figure 7 The diagnostic value of number of lymph node 
metastases in postoperative recurrence of stage IIIC ovarian cancer 
treated with preoperative chemotherapy.
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