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Purpose

To identify whether chemoradiotherapy improves survival of stage I nasopharyngeal carcinoma (NPC).



Materials and Methods

NPC patients were extracted from the Surveillance, Epidemiology, and End Results database between 2010 and 2015. Pathologically confirmed stage T1N0M0 (the 7th edition AJCC) were investigated. Overall survival (OS) and cancer-specific survival (CSS) were compared between the radiotherapy and chemoradiotherapy groups using the Kaplan-Meier method and propensity score matching (PSM) analyses.



Results

This study included 91 (40.27%) patients in the chemoradiotherapy group and 135 (59.73%) patients in the radiotherapy group. Before PSM, chemoradiotherapy was associated with worse 3-year OS (74.31 vs 87.23%; P = 0.025) and 5-year OS (64.28 vs 83.12%; P = 0.001) compared to those associated with radiotherapy. Similarly, chemoradiotherapy showed worse 3-year CSS (87.01 vs 96.97%; P = 0.028) and 5-year CSS (80.39 vs. 96.97%; P = 0.002) than those of radiotherapy. After PSM, chemoradiotherapy revealed worse 5-year OS (63.10 vs. 82.49%; P = 0.031) and CSS (80.95 vs. 93.70%; P = 0.016) than radiotherapy. The multivariate regression analysis revealed that chemoradiotherapy was an independent risk prognostic factor for OS and CSS before and after PSM.



Conclusion

Radiotherapy alone is recommended for stage I NPC patients.





Keywords: nasopharyngeal carcinoma, stage I, chemotherapy, survival, prognosis



Introduction

Chemoradiotherapy is recommended for stage II and locoregionally advanced nasopharyngeal carcinoma (NPC) (1–4). In contrast, radiotherapy alone provides satisfactory treatment outcomes for stage I NPC. The 5-year overall survival (OS) is higher than 95.0% (5–8). However, about 5.0% patients would suffer from local-regional recurrence or distant metastasis in the first 5 years (5, 8, 9). Whether addition of chemotherapy to radiotherapy improves survival for stage I NPC patients is not well investigated. This study was conducted to assess the efficacy of chemotherapy in survival of stage I NPC. The results of this study might help clinicians to make a better treatment option for this subgroup patients.



Materials and Methods


Patients

NPC patients were extracted from the Surveillance, Epidemiology, and End Results (SEER) database from 2010 to 2015. The inclusion criteria were as follows: (1) pathologically confirmed NPC; (2) patients with definite TNM stages of the 7th edition American Joint Committee on Cancer (AJCC); (3) patients with stage I (T1N0M0); and (4) patients who received radiotherapy. Patient characteristics, including age, sex, race, tumor grade, pathology, and chemotherapy, were extracted.



Treatments and Endpoints

The included patients were divided into chemoradiotherapy and radiotherapy groups. Patients in the chemoradiotherapy group received radiotherapy combined with chemotherapy. Patients in the radiotherapy group received radiotherapy alone.

OS was the primary endpoint, which was defined as the time until death due to any cause in the SEER database. Cancer-specific survival (CSS) was the secondary endpoint, which was defined as the time until death attributed to NPC in the SEER database.



Statistical Analysis

The continuous variable of age was transformed to categorical variable according to the median value. Categorical variables, including age, sex, race, tumor grade, pathology, chemotherapy, and secondary cancer, were analyzed by using the χ2 test or Fisher’s exact test. OS and CSS in the chemoradiotherapy and radiotherapy groups were calculated using Kaplan-Meier analysis with log-rank test statistics. Multivariable proportional hazards models adjusted for age, sex, race, tumor grade, pathology, chemotherapy, and secondary cancer were performed to assess independent prognostic factors. The results are reported as hazard ratios (HRs) with 95% confidence intervals (CIs).

Propensity score matching (PSM) was performed to reduce the influence of selection bias on the comparison of efficacy between the chemoradiotherapy and radiotherapy groups. A logistic regression model was established in which chemotherapy was considered the dependent variable in the process of calculating the propensity scores. One-to-one matching without replacement was completed using the nearest-neighbor match on the logit of the propensity score for confounding factors (derived from age, sex, race, tumor grade, pathology, and secondary cancer) with a caliper of 0.05.

Statistical analyses were performed using SPSS Statistics Version 26.0 software (IBM Co., Armonk, NY, USA) and R software (version 4.0.2). Two-tailed P  values <  0.05 were considered statistically significant.




Results


Patient Characteristics

Figure 1 shows the process of patient selection. A total of 226 patients were included. The chemoradiotherapy group included 91 (40.27%) patients. The radiotherapy group included 135 (59.73%) patients. Table 1 shows the patient characteristics before and after PSM. In the PSM cohort, 86 patients receiving chemoradiotherapy and 86 patients receiving radiotherapy were matched. Patient characteristics were well balanced across all covariates after PSM (P > 0.05). The median follow-up times were 33 [interquartile range (IQR): 17–60] months for the chemoradiotherapy group and 43 (IQR: 22–63) months for the radiotherapy group, respectively.




Figure 1 | Flowchart depicting patient selection.




Table 1 | Patient characteristics.





Factors Associated With Chemotherapy Use

In the logistic regression analysis, chemotherapy use was associated with sex (Figure 2). Female [odds ratio (OR)=0.46, 95% CI: 0.24–.88; P = 0.021] was less likely to receive chemotherapy. Chemotherapy use was not associated with age, race, grade, or pathology.




Figure 2 | Logistic regression analysis for factors associated with chemotherapy use.





Survivals Before PSM

Chemoradiotherapy group showed worse 3-year OS (74.31 vs 87.23%; P = 0.025) and 5-year OS (64.28 vs 83.12%; P = 0.001) than radiotherapy group (Figure 3A). Similarly, the 3-year CSS (87.01 vs 96.97%; P = 0.028) and 5-year CSS (80.39 vs. 96.97%; P = 0.002) of the chemoradiotherapy group were worse than that of the radiotherapy group (Figure 3B).




Figure 3 | Survival between chemoradiotherapy and radiotherapy groups in the unmatched cohort. (A) Overall survival. (B) Cancer-specific survival.



In the multivariate regression analysis, chemoradiotherapy was an independent risk prognostic factor for OS (HR = 2.06, 95% CI: 1.12–3.79; P = 0.020, Figure 4A) and CSS (HR = 5.26, 95% CI: 1.62–17.07; P = 0.006, Figure 4B).




Figure 4 | Multivariate regression analysis of prognostic factors for patients with stage I nasopharyngeal carcinoma in the unmatched cohort. (A) Overall survival. (B) Cancer-specific survival.





Survivals After PSM

In the matched cohort, chemoradiotherapy group revealed worse 5-year OS (63.10 vs. 82.49%; P = 0.031, Figure 5A) and CSS (80.95 vs. 93.70%; P = 0.016, Figure 5B) radiotherapy group.




Figure 5 | Survival between chemoradiotherapy and radiotherapy groups in the propensity-matched cohort. (A) Overall survival. (B) Cancer-specific survival.



In the multivariate regression analysis, chemoradiotherapy was an independent risk prognostic factor for OS (HR = 2.55, 95% CI: 1.08–6.00; P = 0.032, Figure 6A) and CSS (HR = 5.87, 95% CI: 1.14–30.28; P = 0.035, Figure 6B).




Figure 6 | Multivariate regression analysis of prognostic factors for patients with stage I nasopharyngeal carcinoma in the propensity-matched cohort. (A) Overall survival. (B) Cancer-specific survival.






Discussion

This retrospective cohort study revealed that chemoradiotherapy was an independent risk prognostic factor for patients with stage I NPC. Addition of chemotherapy to stage I NPC decreased OS. It is recommended that patients with stage I NPC should not be treated with chemoradiotherapy.

It is difficult to conduct a randomized controlled trial due to the low incidence of stage I NPC (10). Thus, the efficacy of chemotherapy in survival of stage I NPC has not been well assessed. Several studies revealed that the 5-year OS was as high as 95.0% for stage I NPC patients receiving radiotherapy alone (5–7). Based on these studies, the National Comprehensive Cancer Network and the Chinese Society of Clinical Oncology are recommended radiotherapy alone for this subgroup patients. However, biases inherently existed in these retrospective studies. On the other hand, stage I NPC patients did not receive chemotherapy in these studies (5–7).

This raised the question of whether chemoradiotherapy could improve survival of this subgroup patients. In clinical practice, clinicians might suggest patients to receive chemotherapy for a potential better prognosis. A previous study included 396 stage I NPC patients of the National Cancer Data Base revealed that 147 (37.12%) patients underwent chemoradiotherapy (11). Similarly, our study based on the SEER database showed that 40.27% patients received chemoradiotherapy. Thus, it is important to identify the efficacy of chemotherapy in survival of this subgroup patient.

Verma et al. (11) reported that the 5-year OS in stage I NPC patients receiving radiotherapy alone versus chemoradiotherapy were 77 and 75% (P = 0.428). Receipt of chemotherapy did not independently predict for better OS (HR = 1.195, 95% CI: 0.755–1.893; P = 0.447). In contrast, our study revealed that chemotherapy was an independent risk prognostic factor for OS. The possible reasons for the difference of the two studies were as follows: (1) Verma et al. (11) assessed patients from the National Cancer Data Base between 2004 and 2013. Among the 396 patients, only 132 (33.33%) patients were diagnosed after 2010. Chemoradiotherapy group included 41 patients. The sample size was too small to perform statistical analysis. (2) Patients were mainly tested by computed tomography before 2010. Several stage II patients might mis-stage as stage I NPC in the study of Verma et al. (11). Chemotherapy might improve survival of stage II patients.

However, treatment outcomes of local-regional failure and distant failure were crucial to assess the efficacy of chemotherapy on stage I NPC. Unfortunately, these data were not recorded in the SEER database and the National Cancer Data Base. Moreover, salvage treatments for local-regional recurrences and distant metastasis were not available. The salvage therapies including re-irradiation, surgery, or systemic chemotherapy could influence OS. Thus, the different results between the two studies were not identified.

Our study suggested that chemotherapy decreased OS of patients with stage I NPC. Firstly, chemoradiotherapy increased toxicity reactions compared to radiotherapy (12, 13). Severe hematological adverse events might be life-threatening. Moreover, long-term survivors of stage I patients would have problems with eating, swallowing, hearing, and psychological and functional problems (14). These toxicity reactions might lead to poor survival in the chemoradiotherapy group. Secondly, the proportion of secondary cancer in chemoradiotherapy group was higher than that of radiotherapy group (P = 0.049). The multivariate regression analysis revealed that secondary cancer was an independent risk prognostic factor for OS (HR = 2.06, 95% CI: 1.12–3.79; P = 0.020), which would decrease OS of the chemoradiotherapy group.

On the other hand, it was an unexpected finding that chemoradiotherapy decreased CSS of stage I NPC in our study. We considered that the result might be a statistical bias. The potential interpretations were the following: (1) Before PSM, 4 patients in the radiotherapy group and 12 patients in the chemoradiotherapy group attributed to NPC death. The sample size of endpoint events was not sufficient to compare the differences between the two groups using Kaplan-Meier analysis with log-rank test statistics. The statistical analysis might provide a false positive result. (2) The 95% confidence interval ranged from 1.62 to 17.07 before PSM and from 1.14 to 30.28 after PSM. The wide confidence interval indicated an unstable statistical result. Thus, longer follow-up time and larger sample size of endpoint events are needed to verify the result.

Limitations of our study should be noted. First, a total of 91 patients received chemoradiotherapy. The small sample size of patients who received chemoradiotherapy might have been insufficient for statistical analysis. This would possibly significantly reduce the statistical power of the analysis. Second, data regarding the performance status, Epstein-Barr virus DNA (15), chemotherapy agents, irradiation dose, or the duration of therapy were not available due to limitations of the SEER database. These confounding factors could affect survival. Thus, further prospective cohort studies are needed to identify the efficacy of chemotherapy in survival of stage I NPC.



Conclusion

In conclusion, chemotherapy decreased OS of patients with stage I NPC. Radiotherapy alone is recommended for stage I NPC patients.
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