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Background

The prognostic value of lymph node ratio (LNR) has been proved in several cancers. However, the potential of LNR to be a prognostic factor for thyroid cancer has not been validated so far. This article evaluated the prognostic value of LNR for thyroid cancer through a meta-analysis.





Methods

A systematic search was conducted for eligible publications that study the prognostic values of LNR for thyroid cancer in the databases of PubMed, EMBASE, Cochrane, and Web of Science up until October 24, 2023. The quality of the eligible studies was evaluated by The Newcastle-Ottawa Assessment Scale of Cohort Study. The effect measure for meta-analysis was Hazard Ratio (HR). Random effect model was used to calculate the pooled HR and 95% confidence intervals. A sensitivity analysis was applied to assess the stability of the results. Subgroup analysis and a meta-regression were performed to explore the source of heterogeneity. And a funnel plot, Begg’s and Egger’s tests were used to evaluate publication bias.





Results

A total of 15,698 patients with thyroid cancer from 24 eligible studies whose quality were relatively high were included. The pooled HR was 4.74 (95% CI:3.67-6.11; P<0.05) and a moderate heterogeneity was shown (I2 = 40.8%). The results of meta-analysis were stable according to the sensitivity analysis. Similar outcome were shown in subgroup analysis that higher LNR was associated with poorer disease-free survival (DFS). Results from meta-regression indicated that a combination of 5 factors including country, treatment, type of thyroid cancer, year and whether studies control factors in design or analysis were the origin of heterogeneity.





Conclusion

Higher LNR was correlated to poorer disease free survival in thyroid cancer. LNR could be a potential prognostic indicator for thyroid cancer. More effort should be made to assess the potential of LNR to be included in the risk stratification systems for thyroid cancer.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=477135, identifier CRD42023477135.
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1 Introduction

Thyroid cancer is one of the most common cancers worldwide according to the GLOBOCAN 2020 database of cancer incidence and mortality by the World Health Organization (1). In the past decades, the incidence of thyroid cancer has been increased globally (2–4). And by the year 2030, thyroid cancer will be likely to become the second most common cancer in female and the ninth most common cancer in male (1, 5–7). The three broad histological categories of thyroid cancer are differentiated thyroid cancer, medullary thyroid cancer and anaplastic thyroid cancer, of which papillary thyroid cancer, a subtype of differentiated thyroid cancer, accounts for nearly 85% of patients (8–10). The treatment for thyroid cancer is diverse and systematic, including minimally invasive interventions, surgery, radioactive iodine, oral multi-targeted tyrosine kinase inhibitors and so on (10–14). Although advances in treatment have been made in recent years, surgery remains to be the major and initial treatment in patients with differentiated and medullary thyroid cancer (9, 10).

The survival rate of thyroid cancer tend to be relatively high comparing with other types of cancers. According to the data from Surveillance, Epidemiology, and End Results(SEER) database, the 5-year relative survival of patients with thyroid cancer was 98.5% from 2013 to 2019 (15). Despite a high survival rate, postoperative recurrence is an emerging problem during thyroid cancer treatment[9]. Study results shows that 5%-20% of patients with differentiated thyroid cancer suffers from local or regional recurrence, and about 10%-15% of patients develop distant metastases (16–19). Thus, exploring reliable predictors for recurrence of thyroid cancer becomes an emerging issue.

Cumulative evidence suggests that lymph node status is a key prognostic factor in thyroid cancer (20–22). Currently, 2015 American Thyroid Association (ATA) Management Guidelines has recommended the number of involved lymph nodes to be a prognostic factor of thyroid cancer (9). However, studies have already shown that the number of metastasis lymph nodes is likely to be affected by surgical factors especially the number of lymph nodes dissected since inadequate lymph node dissection, which sometimes happens in surgery, may possibly make the number of metastasis lymph nodes lower than actual amount (23, 24). A study have even mentioned that the small number of lymph nodes removed increases the risk of recurrence in thyroid cancer (25). Therefore, the prognostic accuracy of the number of lymph nodes examined remains to be imperfect (25, 26).

Lymph node ratio (LNR) is an indicator defined as the number of metastatic lymph nodes divided by the number of lymph nodes checked. Differing from the number of metastasis lymph nodes, LNR takes the influence of both number of metastasis lymph nodes and number of lymph nodes examined into account. Thus, it is regarded as a prognostic factor in several cancers including gastric, breast, and colorectal cancers (27–29). Nevertheless, the prognostic value of LNR for thyroid cancer still remains to be controversial. Conflicting results may arise from differences in study design and sample size. Although systematic review has reported the prognostic significance of LNR for thyroid cancer, there has been no formal meta-analysis so far (30). Thus, we conducted the first comprehensive meta-analysis based on Hazard Ratios to investigate the prognostic value of LNR for thyroid cancer, and attempt to discuss the best cut-off value of LNR.




2 Materials and methods



2.1 Study selection

Inclusion criteria were defined as follows: (1)study design: retrospective and prospective cohort study reported the prognostic value of LNR for thyroid cancer (2)study content: the relationship between LNR and disease-free survival (DFS) (3)participants: patients with thyroid cancer who were standardized diagnosed and underwent thyroid surgery (4) outcome: disease-free survival (DFS) and other necessary survival data including Hazard ratios (HRs) and 95% confidence intervals (CIs) which could be extracted from the original literature directly or indirectly.

The exclusion criteria were as follows: (1) case reports, reviews, letters, conference records (2) studies conducted on animals (3) studies without necessary survival data for statistical analysis (4) studies which were based on non-original data (5) studies analyzed data from the same population.

Eligibility assessment was performed in a blinded standardized manner by 2 independent reviewers, and disagreement between reviewers were solved by consensus.




2.2 Search strategy

A systematic search was performed using databases including PubMed, Embase, Cochrane, and Web of Science in order to identify relevant studies from inception to October 24, 2023. Relevant medical subject heading terms, key words or word variants for “thyroid cancer” and “Lymph node ratio” were used as search items and a detailed search strategy was shown in Table 1. The guidelines for Preferred Reporting Items for Systemic Reviews and Meta-Analyses(PRISMA) were followed throughout the whole study.


Table 1 | Search strategy in PubMed.






2.3 Data extraction

Data extracted from eligible studies consisted of basic information including first author name, country where the study was conducted and year of publication, population-specific information including number of patients, age, gender, and study-specific details including duration of follow-up, treatment for patients, tumor size, TN staging of cancer, number of checked nodes, number of positive nodes, cut-off value of LNR estimated and selected using Receiver Operating Characteristic curve based on the data from each study by investigators, HRs and 95% CIs. Two independent reviewers extracted data using a standardized data extraction form, and any discrepancy between the reviewers was resolved by consensus.




2.4 Quality assessment

The Newcastle-Ottawa Assessment Scale of Cohort Study was applied to the quality assessment of eligible studies. This tool evaluates the quality of studies according to 9 items across 3 dimensions: selection, comparability and outcome. A study can be awarded a maximum of one score for each numbered item within the selection and outcome categories and a maximum of two scores can be given for comparability category. 2 reviewers assessed the quality of included studies independently, and any discrepancy between the reviewers was resolved by consensus.




2.5 Data synthesis and statistical analysis

This meta-analysis was performed using pooled HRs and 95% CIs to evaluate the prognostic value of LNR for thyroid cancer, and results were presented using forest plots. Missing hazard ratios would be approximated using the method from Guyot et al. if Kaplan Meier curves were provided (31). A random-effects model was applied rather than a fixed-effects model to determine the robustness of the results. Heterogeneity between studies was calculated using I2 statistics which indicated the percentage of heterogeneity that is beyond chance (I2 < 25%, low heterogeneity; I2 = 25-50%, moderate heterogeneity; and I2 > 50%, strong heterogeneity) (32). A sensitivity analysis was conducted to assess the stability and robustness of the results by omitting every individual study and calculating new HRs. Moreover, we performed subgroup analysis on the basis of histological types of thyroid cancer, treatment, location, ranges of the cut-off value of LNR, whether studies control factors in design or analysis to ensure the comparability of cohorts and whether cases with extra thyroid extension (ETE) were excluded. And a meta-regression which is a joint test for all covariates was conducted to assess the potential impact of multiple factors on heterogeneity. Finally, we used a funnel plot, Begg’s test and Egger’s test to evaluate the publication bias of included studies.

All statistic analysis were performed using STATA 11.0 software. And results were considered significant statistically if the p value was less than 0.05. The protocol of this systematic review was registered in the International Prospective Register of Systematic Reviews (PROSPERO) system (ID: 42023477135).





3 Results



3.1 Study selection, characteristics, and quality assessment

3608 articles were yielded by database searching. After reduplicates removed, 2777 articles remained for records screening. Eventually, 24 eligible articles were included after screening full texts of 66 articles according to the inclusion and exclusion criteria. And a flow diagram for study selection is shown in Figure 1.




Figure 1 | Flow diagram of included studies.



All eligible studies were retrospective cohort studies, with 13 studies reported data from Korea, 4 studies from China, 2 from the United States, 2 from Israel, and 1 from Netherlands. Among these studies, a total of 15,698 patients were included, and the median age of patients ranged from 40 to 55 years old. All patients underwent radical surgery for thyroid cancer, and available median follow-up time of studies ranged from 43 to 127.24 months. The cut-off values of LNR in included studies were diverse, and only 3 studies reported 0.3 as a common cut-off values of LNR. Main characteristics of included studies were summarized in Table 2.


Table 2 | Main characteristics of the included literature.



All included studies got no less than 6 scores in Newcastle-Ottawa scale and 4 studies got full score, indicating relatively high quality of eligible studies (Table 3).


Table 3 | Quality of included studies.






3.2 Meta-analysis

The results of meta-analysis of all 24 studies indicated that a higher LNR was associated with worse DFS (pooled HR: 4.74; 95% CI:3.67-6.11; P<0.05) and a moderate heterogeneity of 40.8% was reported (Figure 2).




Figure 2 | Forest plots and pooled estimates of the effect for meta-analysis of the association between LNR and disease-free survival in patients with thyroid cancer.






3.3 Sensitivity analysis

A sensitivity analysis was performed to assess the stability of the outcomes of meta-analysis. And the results intuitively showed the robust of the outcomes (Figure 3).




Figure 3 | Sensitivity analysis of the association between LNR and disease-free survival in patients with thyroid cancer.






3.4 Subgroup analyses and meta-regression

We performed subgroup analyses based on factors including histological types of thyroid cancer, treatment, location, ranges of cut-off value of LNR and whether studies control factors in design or analysis.

The results showed that higher LNRs were correlated to poor DFS in every subgroup.

In all 24 articles, 5 of them studied medullary thyroid cancer, and the other 19 studied papillary thyroid cancer. The outcomes in medullary thyroid cancer (HR:4.30; 95%CI: 2.45-7.54; P<0.05; I2 = 0.0%) were similar to the outcomes in papillary thyroid cancer (HR: 4.88, 95%CI: 3.62-6.56; P<0.05; I2 = 51.2%), while the prognostic value of LNR was slightly higher in papillary thyroid cancer (Figure 4).




Figure 4 | Forest plot for subgroup analysis by histological type of thyroid cancer.



In terms of treatment, 15 studies included patients who received radical surgery and RAI, while patients in other 9 studies underwent radical surgery. The pooled HR of surgery group was 5.64 (95% CI: 3.82-8.31; P<0.05; I2 = 20.0%), and the pooled HR of surgery and RAI group was 4.31 (95%CI: 3.11-5.96; P<0.05; I2 = 48.0%), which suggested that the prognostic value of LNR is significant regardless of whether RAI was used (Figure 5).




Figure 5 | Forest plot for subgroup analysis by treatment for thyroid cancer.



Moreover, the pooled HR of 19 Asia studies was 4.51 (95%CI: 3.42-5.94; P<0.05; I2 = 41.3%), and the pooled HR of 5 studies conducted in America and Europe was 6.45 (95%CI: 3.13-13.29; P<0.05; I2 = 46.1%) (Figure 6).




Figure 6 | Forest plot for subgroup analysis by location of studies.



To investigate optimal range of cut-off value of LNR, studies were divided into 5 subgroups. For the 10 studies that set the cut-off value of LNR between 0.2 and 0.3, the pooled HR was 4.34 (95%CI: 2.85-6.62; P<0.05; I2 = 55.6%). For the 3 studies that set the cut-off value of LNR between 0.1 and 0.2, the pooled HR was 4.66 (95%CI: 2.86-7.58; P<0.05; I2 = 0.0%). 2 studies set the cut-off value between 0.3 and 0.4, and the pooled HR was 12.44 (95%CI: 5.14-30.06; P<0.05; I2 = 0.0%). 3 studies set the cut-off value between 0.4 and 0.5, and the pooled HR was 3.64 (95%CI: 2.45-5.42; P<0.05; I2 = 0.0%). 2 studies made the cut-off value of LNR greater than 0.5, and the pooled HR was 14.41 (95%CI: 5.74-36.16; P<0.05; I2 = 0.0%) (Figure 7).




Figure 7 | Forest plot for subgroup analysis by ranges of LNR cut-off values.



Furthermore, the pooled HR in subgroup of which studies control factors in design or analysis to ensure the comparability of cohorts was 4.11 (95%CI: 2.84-5.96; P<0.05; I2 = 25.7%), while the pooled HR in subgroup that did not control any factors was 5.00 (95%CI:3.58-6.99; P<0.05; I2 = 45.8%) (Figure 8).




Figure 8 | Forest plot for subgroup analysis by whether studies control factors in design or analysis to ensure the comparability of cohorts.



Additionally, 22 studies included patients with ETE, while other 2 studies did not. The pooled HR of group with ETE was 4.56 (95%CI: 3.51, 5.92; P<0.05; I2 = 42.1%), and the pooled HR of group without ETE was 9.56 (95%CI: 3.56, 25.66; P<0.05; I2 = 0.0%) (Figure 9).




Figure 9 | Forest plot for subgroup analysis by whether cases with extra thyroid extension were excluded.



Besides, We performed a meta-regression to evaluate the influence of different factors including country, treatment, type of thyroid cancer, year and whether studies control factors in design or analysis to the pooled HR, and to clarify the origin of heterogeneity. Results suggested that the combination of these 5 factors could explain 73.01% of the variance among studies (P= 0.0444) (Table 4).


Table 4 | Results of meta-regression.






3.5 Publication bias

Funnel plots, Begg’s and Egger’s tests were done to evaluate publication bias, and results showed no significant publication bias (Begg’s test: P=0.286; Egger’s test: P=0.053) in the meta-analysis (Figures 10, 11).




Figure 10 | Funnel plot of included studies.






Figure 11 | Begg’s funnel plot with pseudo 95%confidence limits.







4 Discussion

LNR is proved to be a significant prognostic factor for tumor recurrence and survival in multiple cancers. Several meta-analysis have suggested that high LNR is associated with low survival rates for patients with cancers (27–29, 33, 34). However, the value of LNR as prognostic variable has not been confirmed in thyroid cancer. 2015 ATA Management Guidelines has considered the number of involved lymph node to be a factor predicting recurrence, and the 2018 AJCC/TNM staging has only mentioned lymph node metastasis as the basis of thyroid cancer staging (35). It is should be noted that the number of involved lymph node metastasis are likely to be influenced by numerous factors, among which the number of lymph node examined is a major factor (25, 26). LNR, as a new indicator, takes both the number of lymph node involved and the number of checked lymph node into consideration (36). Therefore, many of studies have attempted to assess the potential of LNR to be a prognostic variable for thyroid cancer in order to provide more scientific guidance for staging,prognostic assessment, and treatment (37, 38). Unfortunately, no consensus currently exists because in addition to conflicting study results, the controversy of critical value of LNR is also a challenge on the evaluation of prognostic value of LNR for thyroid cancer.

Our study was the first formal meta-analysis to evaluate the prognostic value of LNR for thyroid cancer. In this meta-analysis,we found that high LNR was correlated with poor disease-free survival which meant LNR was a valuable potential prognostic factor for thyroid cancer. This result did not change in any type of thyroid cancer we analyzed including papillary and medullary thyroid cancer, while the prognostic efficacy was slightly higher in papillary thyroid cancer. Differences in prognostic value of LNR between Asian countries and non-Asia countries were also noteworthy. The cut-off values of LNR varied from 0.15 to 0.7 in different studies. Different prognostic values of LNR were shown based on different ranges of cut-off values. Significantly higher prognostic value was shown when the cut-off values of LNR ranging from 0.3 to 0.4 or greater than 0.5, although this possibly resulted from the small quantity of studies we could analyze in these 2 subgroups.

Some limitations of this meta-analysis should be mentioned. First, all included studies were retrospective studies which meant significant differences in patient characteristics, surgical plans, and other aspects might exist, leading to relatively low quality of data. Therefore, more prospective of large scale were expected to provide clinical data of ideal quality. Second, absence of data in tumor size, pathological stages, number of examined lymph node, number of metastasized lymph node and surgical methods limited further subgroup analysis. Third, the LNR cut-off values of some included articles were absent, which was likely to affect our exploration of the optimal range of LNR cut-off value in our subgroup analysis. Forth, the critical values of LNR in different studies were inconsistent. Although we grouped these studies by different ranges of critical value to analyze the cut-off value that best predicted recurrence, an exact optimal cut-off value was still left to be defined. Furthermore, moderate heterogeneity existed in this meta-analysis. However, we failed to seek single factor that caused heterogeneity through subgroup analysis and meta-regression with single covariate. We could only clarify that a combination of 5 factors including country, treatment, type of thyroid cancer, year and whether studies control factors in design or analysis influenced the heterogeneity of this analysis. Finally, we only included patients with papillary and medullary thyroid cancer, more studies discussing the prognostic role of LNR in other types of thyroid cancer were expected.

We should also point out the strength of our study. First, this was the first complete and formal meta-analysis to quantify the role of LNR in the prognosis of thyroid cancer. Second, 24 studies and a total of 15,698 patients were included in our meta-analysis, which allowed a relatively reliable statistical results. Thus, according to our analysis, the prognostic value of LNR was conspicuous.

In addition to the significant prognostic value, the potential of LNR to be included in the future thyroid cancer staging system may also be marked. Xu et al (39). proposed a new grading system combining the Ki67 index and LNR as a predictor of prognosis in medullary thyroid cancer. The prognostic performance of the new grading scheme was better than the Ki67, LNR and N staging alone. Lee et al (40). reported better predictive power of the new risk stratification systems combining metastasized lymph node factors including LNR, maximum diameter of metastatic focus and presence of extranodal extension with ATA risk stratification in N1 stage papillary thyroid cancer. In a word, more related studies are expected to establish a new risk stratification system and to assess the potential of LNR to be included in the system.




5 Conclusion

To conclude, higher LNR was correlated to poorer disease free survival in thyroid cancer and this result didn’t change in every subgroup we set. This study suggested that LNR could be a potential prognostic indicator for thyroid cancer. More effort should be made to assess the potential of LNR to be included in the future risk stratification systems for thyroid cancer.
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