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Objectives

To investigate the optimal treatment pattern in patients with de novo metastatic nasopharyngeal carcinoma (NPC).



Methods

We assessed 502 consecutive and unselected de novo metastatic NPC patients in Sun Yat-sen University Cancer Center (SYSUCC) from November 2006 to October 2016 in our study. All patients were treated with palliative chemotherapy (PCT) and 308 patients received locoregional radiotherapy (LRRT) subsequently. Our primary study endpoint was overall survival (OS).



Results

The patients treated with LRRT were associated with improved survival on univariate analysis (3-year OS rate 63.7% vs. 31.8%, P < 0.001) and multivariate analysis (HR 0.52, 95%CI 0.40–0.68, P < 0.001). The overall survival benefit of more than 4 PCT cycles was significant in female (HR 0.45, 95% CI 0.24–0.86, P = 0.016) and patients with multiple metastatic sites (HR 0.42, 95% CI 0.26–0.66, P < 0.001). The application of concurrent chemotherapy (CCT) was not associated with better survival among patients receiving LRRT (HR 1.31, 95% CI 0.92–1.86, P = 0.141).



Conclusion

LRRT prolonged survival in de novo metastatic NPC. For patients treated with multiple metastatic sites, more than 4 cycles of PCT is necessary. CCT does not improve survival in de novo metastatic NPC patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is uncommon in most countries but is an endemic malignancy in Southeastern Asia and South China, especially Guangdong province. In 2018, approximately 129,000 new cases of NPC were reported (1). In addition to specific geographic and ethnic distribution, NPC is distinguished from other head and neck carcinomas by its association with Epstein–Barr virus (EBV) infection, its highly aggressive nature, and predisposition of distant metastases (2). Radiotherapy is the fundamental treatment modality and concurrent chemo-radiotherapy (CCRT) is recommended for locoregional advanced NPC according to the National Comprehensive Cancer Network (NCCN) Guidelines (3, 4). Satisfactory tumor control can be achieved in the early stage of disease and even locoregionally advanced NPC can be controlled due to its highly radiosensitive and chemosensitive nature (5). However, distant metastasis remains a key challenge. It has been reported that up to approximately 15% of NPC patients are diagnosed with de novo metastatic cancer before any treatment has begun (6). According to previous studies, the overall survival period for NPC patients with distant metastasis at initial diagnosis varies from months to years (7, 8). Moreover, the therapeutic margin of NPC is extremely narrow and currently there is no standard model for the implementation of this comprehensive treatment model. Based on high-level evidence, cisplatin-based combination palliative chemotherapy plays a significant role in treatment of metastatic NPC patients (9, 10). However, treatment of de novo metastatic NPC patients must consider the control of primary tumors, which is different from metastatic NPC after treatment. Studies have been conducted to explore the optimal treatment modality for de novo metastatic NPC patients. Recently, several retrospective analyses suggested that additional locoregional radiotherapy (LRRT) could improve survival of these patients in addition to palliative chemotherapy (7, 8, 11). However, most studies have been conducted in the two-dimensional conventional radiotherapy (2D-CRT) era and the patient sample is too small to provide convincing evidence (8, 12, 13). Furthermore, the effect of courses and accumulated doses of palliative chemotherapy (PCT) and concurrent chemotherapy (CCT) on clinical outcomes of de novo metastatic nasopharyngeal carcinoma patients is largely unknown. Therefore, we conducted a study to investigate the optimal treatment pattern in patients with de novo metastatic nasopharyngeal carcinoma.



Methods and Materials


Patients

This study is based on the data platform established by Sun Yat Sen University Cancer Center (SYSUCC). From November 2006 to October 2016, a total of 11235 NPC patients were identified. Finally, 502 consecutive and unselected de novo metastatic NPC patients were involved in our study. The inclusion criteria included: (1) pathologically confirmed NPC; (2) evidence of distant metastasis confirmed by imaging examinations or pathology; (3) no anti-tumor treatment before metastasis (4) Karnofsky performance score (KPS) >60; (5) adequate organ function; (6) lesions that can be measured radiologically; (7) absence of secondary pregnancy, lactation and other malignant disease. Flow chart of patient inclusion was shown in Figure 1. Our study was approved by the Research Ethics Committee of the SYSUCC.




Figure 1 | Flow chart of study patient inclusion.





Diagnosis and Treatment

All patients received a complete pre-treatment assessment at admission and were treated according to the principles of SYSUCC. Detailed information on diagnosis and treatment can be found in Supplementary Materials.



Outcome and Follow-Up

Tumor response was evaluated based on radiological image examinations by 2 experienced radiologists independently according to Response Evaluation Criteria in Solid Tumors criteria (RECIST), version 1.1 (14, 15). The primary endpoint of our study was overall survival (OS), defined as the length of time from the date of diagnosis to the date of death of any cause. Patients who were lost to follow-up or were still alive had their data censored in last follow-up. After systemic therapy, patients were evaluated at least once every 3 months during the first 3 years and thereafter every 6 months until death. Physical examination, nasopharyngoscopy, MRI with contrast of head and neck, CT/MR with contrast of the metastatic sites, abdominal sonography, chest radiography, and plasma EBV DNA measurement were all routinely performed. PET-CT and others were considered if necessary.



Statistical Analysis

To assess whether there were statistical relationships between clinical characteristics and treatment groups, Pearson χ2 test was used. Survival curves were generated using the Kaplan-Meier method, and survival rates were compared using the log-rank test. Landmark analyses for patients with ≥1 and ≥3 years OS were used to account for potential immortal-time biases (16). Multivariate Cox regression analysis was used to estimate the hazard ratio (HR) and 95% confidence interval (CI) for the correlations between variables and OS. Forest plots were generated to present the results of subgroup analyses for OS and multivariate HR was adjusted for following factors: age, gender, T stage, N stage, metastatic sites, tumor response to PCT and number of PCT cycle, excluding the stratification covariates. All statistical tests were 2-tailed and P < 0.05 was considered as statistical significance. All statistical analyses were conducted using the Statistical Package for Social Sciences (SPSS, Mac version 21.0, Chicago, IL).




Results


Clinical Characteristics and Survival 

The median patient age was 47 years (range, 12–77 years); 417 patients (83.1%) were men; 308 patients (61.4%) received LRRT after PCT and 276 (55.0%) patients received more than 4 cycles PCT. Table 1 lists the characteristics of the 502 patients. The median follow-up time was 26.6 months (range, 1–127 months); 260 patients died during the follow-up period. Among them, 257 patients died of tumor progression and three patients died of other reasons (two patients because of treatment-related toxicities and one patient because of cardiac disease). The 1-, 2-, 3-, and 5-year OS rates were 87.9%, 66.2%, 52.8%, and 38.4%, respectively.


Table 1 | Clinical characteristics of patients diagnosed with de novo metastatic NPC.





Relationship Between LRRT, PCT Cycles, and Clinical Outcome

The 3-year OS rate in patients treated with LRRT was significantly higher than for patients who did not receive treatment with LRRT (63.7%, 95% confidence interval [CI] 58.0–69.4% versus 31.8%, 95% CI 24.0–39.6%, P < 0.001) (Figure 2A). Landmark analyses were used to evaluate the impact of LRRT for survivors over 1 year and 3 years. As displayed in Figures 2B, C, LRRT was associated with improved OS at each landmark, the P value for ≥1 and ≥3 years survivors was <0.001 and 0.027 respectively. However, the patients in the different PCT cycle groups were not significantly different (Figures 3A–C). All of the following potential prognostic factors were considered in the Cox proportional hazards model: patient age (≤47 years or >47), gender (male or female), T stage (T1-2 or T3-4), N stage (N0-1 or N2-3), metastatic sites (single metastatic site or multiple metastatic sites), number of PCT cycle (≤4 or >4), tumor response to PCT (complete response [CR]/partial response [PR] or stable disease [SD]/disease progression [PD]) and whether PCT was followed by LRRT. Table 2 demonstrates LRRT were independent prognostic factors in the multivariate model for OS (HR 0.52, 95%CI 0.40–0.68, P < 0.001). N stage, metastatic sites and tumor response to PCT were other independent prognostic factors, whereas the number of PCT cycles did not confer survival benefit (HR 0.79, 95%CI 0.61–1.02, P = 0.075).




Figure 2 | Kaplan–Meier curves of overall survival in 502 de novo metastatic nasopharyngeal carcinoma (NPC) patients treated with locoregional radiotherapy (LRRT) and without LRRT (A), Landmark analyses of overall survival for survivors of ≥1 year (B) and ≥3 years (C).






Figure 3 | Kaplan–Meier curves of overall survival in 502 de novo metastatic nasopharyngeal carcinoma (NPC) patients accepting ≤4 cycles palliative chemotherapy (PCT) and accepting >4 cycles of PCT (A), Landmark analyses of overall survival for survivors of ≥1 year (B) and ≥3 years (C).




Table 2 | Multivariate analysis for OS.





Subgroup Analyses

In the analyses of the association between LRRT and OS by different subgroups, no significant interactions were observed between the effect of LRRT and age, gender, metastatic sites and the number of PCT cycles (Figure 4A). Notably, LRRT was not associated with improved OS for patients SD/PD after PCT (HR 0.70, 95%CI 0.48–1.01, P = 0.053). Among patients in T1-2 and N0-1 subgroup, the benefit of LRRT was also not significant. In terms of PCT cycles, more than 4 cycles PCT showed no significant survival differences in subgroups by age, T stage, N stage and tumor response to PCT (Figure 4B). However, with restriction to patients with multiple metastatic sites, the effect of more than 4 cycles PCT on OS became significant (HR 0.42, 95%CI 0.26–0.66, P < 0.001). The survival benefit was also shown in separate subgroups of female (HR 0.45, 95%CI 0.24–0.86, P = 0.016) and non-LRRT (HR 0.55, 95%CI 0.38–0.82, P = 0.003).




Figure 4 | Forest plot of the association between locoregional radiotherapy (LRRT) and overall survival by subgroup (A); palliative chemotherapy (PCT) cycles and overall survival by subgroup (B). Multivariate hazard ratios (HR) displayed are adjusted for the factors described in the methods section. Low and High refer to the lower and upper limit of the 95% confidence interval, respectively.





The Prognostic Impact of CCT in De Novo Metastatic NPC Patients

Among the 308 de novo metastatic NPC patients treated with LRRT, 168 patients received cisplatin-based chemotherapy during radiotherapy. According to the application of CCT, we divided these patients into 2 groups: patients receiving LRRT alone and patients receiving CCRT after PCT. There was no difference in clinical outcome between the two groups. The 3-year OS rates in the LRRT and CCRT groups were 64.6% and 61.8%, respectively (P = 0.477). Kaplan–Meier survival curves are represented in Figure 5. In the multivariate analysis, Table 3 shows that patients receiving CCT was not associated with survival benefit (HR 1.31, 95% CI 0.92–1.86, P = 0.141).




Figure 5 | Kaplan–Meier curves of overall survival according to the application of concurrent chemotherapy (CCT) in 308 de novo metastatic nasopharyngeal carcinoma (NPC) patients treated with locoregional radiotherapy (LRRT).




Table 3 | Multivariate analysis for OS in LRRT group.






Discussion

Distant metastasis has been a leading cause of death in NPC patients (17, 18). The best treatment strategy for these patients is still under discussion (19–21). The benefits of PCT have been demonstrated in previous studies and this treatment regimen is considered as the only possibly curative option. A platinum-based combination regimen is the most widely used regimen with objective response rates of 55%–80% (22–24). Radiotherapy, especially IMRT, has become the main treatment method for non-metastatic NPC (25–28). However, the value of LRRT in patients with de novo metastatic NPC has not been clearly evaluated. In our study, we retrospectively compared the clinical outcome of de novo NPC patients treated with or without LRRT and further investigated the prognostic impact of accumulated doses of chemotherapy.

With the development of RT technology and the application of platinum combination therapy, more and more studies showed that LRRT could prolong the survival time of de novo metastatic NPC patients (8, 13, 21). In a retrospective study of 125 NPC patients with initial metastases, Yeh et al. reported that the 2-year OS rate was 24.0% in patients receiving radiotherapy, whereas it was only 10% in those who received chemotherapy alone (21). Another study by Lu et al. retrospectively analyzed 234 patients and found that LRRT significantly extended patient OS compared with those treated with chemotherapy alone, with the 3-year OS rate increasing from 12.4% to 48.3% (13). Similar results were also obtained in a study by Chen et al., which retrospectively evaluated the impact of different treatment strategies on patient survival (8). Although these aforementioned studies demonstrated a survival advantage of LRRT, the predominant radiation technique used was conventional 2D-CRT. In our study, the main application of radiotherapy technology was IMRT (229 of 308 patients received LRRT). Different from non-metastatic NPC patients, the correlation between TN staging and treatment method was weak, which could be confirmed from previous studies (8, 29). The 3-year OS rate for patients receiving LRRT after chemotherapy was as high as 63.7%, which was significantly higher than those receiving PCT alone at only 31.8% (P < 0.001). LRRT prevented patients from experiencing local failure such as bleeding, visual and hearing impairment, severe headache and cranial nerve paralyses. More importantly, it is believed that LRRT is a potent method of removing the primary tumor, which is a good way of preventing further metastatic progression from the primary “source” of tumor. However, for patients who are chemotherapy insensitive or who have distant lesions that are difficult to eliminate (SD/PD after PCT), the benefit of LRRT was not significant. For these patients, the distant lesions were not under control and the LRRT was unable to control the distant lesions. Previous studies also verified that LRRT does not confer benefit to de novo metastatic NPC patients with liver metastases or who have had PD after receiving PCT (11, 13).

Systemic chemotherapy has been established as the standard treatment method in de novo metastatic NPC. Nevertheless, the optimal number of PCT cycles was still uncertain and several previous studies have obtained different results. Fandi et al. reported a retrospective study involving 20 metastatic NPC and showed that six cycles PCT was necessary (19). Similarly, Lu et al. proved that patients receiving at least four cycles of chemotherapy had a significantly better survival outcome than those receiving less than four cycles (13). However, in another study, there was no significant survival benefit for patients receiving at least four cycles of chemotherapy versus those receiving less than 4 cycles (7, 8). Hu et al. also state that an increasing number of chemotherapy cycles might precipitate acquired chemo-resistance (30). In the current study, the cut-off value for PCT cycles was four according to the median number of cycles in our cohort. Among all the patients, there was no survival benefit in patients receiving more than 4 cycles of PCT compared with patients receiving up to and including 4 cycles. In the subgroup analyses, we identified a portion of patients benefiting from more PCT cycles. In multiple metastatic sites subgroup, patients who received more than four cycles PCT had significantly better OS compared to the patients who did not, suggesting that higher dose chemotherapy is necessary to control distant lesions and subclinical lesions for this kind of patients. Interestingly, more then 4 PCT cycles were also associated with improved OS in non-LRRT group. As mentioned above, LRRT is an intensive treatment method, which is a potent method of both controlling primary lesions and preventing metastatic lesion progression from the original focus. This further reduces the tumor burden. Thus, the dose of PCT can reduce among patients when it is followed by LRRT. The ratio of patients with multiple metastatic sites was higher in the non-LRRT group, which may be another reason. Additionally, higher PCT does benefit the female patients, suggesting that female were more appropriate for an intensive treatment method.

CCRT has been established as the standard of treatment for advanced non-metastatic locoregional advanced NPC (3, 4). In previous study, our group further proved that cumulative doses of cisplatin in CCT is also significantly associated with OS and DMFS in these patients (31). However, rare study investigated the value of CCT in metastatic NPC patients. In our study, we divided the de novo metastatic patients followed by LRRT after PCT into two groups according to the application of CCT. Inconsistent with results from non-metastatic advanced NPC, there was no significant difference between the patients in the LRRT and CCRT. Besides, side effects of concurrent chemotherapy such as nausea, emesis, and anesthesia are hard for patients to endure after undergoing several cycles of PCT before LRRT. Thus, the application of CCT is not recommended according to the result of our study.

There are several limitations to this study. First, this is a retrospective study and the selection bias and potential imbalances in other variables was inevitable. Secondary, the EBV DNA, which was an important biomarker for NPC, was not involved in our study. The third limitation is that the median follow-up duration was 26.6 months and longer follow-up time is needed to prove our results. Finally, the data were obtained from one center and the results should be validated by a multi-centric clinical study.



Conclusion 

The use of LRRT following systemic PCT prolonged survival in patients with de novo metastatic NPC and should be considered as a first-line treatment method. For patients who have multiple metastatic sites, higher doses of PCT (more than 4 cycles) are necessary. CCT is not associated with significantly better survival, so it is dispensable to be given during LRRT in de novo metastatic NPC patients.
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