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Background

The present study aimed to explore the optimal chemotherapy strategy for locoregionally advanced children and adolescent nasopharyngeal carcinoma (LcaNPC), based on the level of pretreatment plasma Epstein-Barr virus DNA (pEBV-DNA) in the era of intensity modulated radiation therapy (IMRT).



Methods

This real-world, retrospective study consecutively reviewed locoregionally advanced nasopharyngeal carcinoma patients younger than 22 years old from 2006 to 2016 in the Sun Yat-sen University Cancer Center. The Kaplan–Meier method with the log-rank test and the Cox regression model were used to investigate the survival outcomes of different chemotherapy intensities and pEBV-DNA. Treatment-related toxicity was also evaluated using the chi-squared test or Fisher’s exact test.



Results

A total of 179 patients were enrolled, including 86 patients in the high-risk group (pEBV-DNA ≥7,500 copies/ml) and 93 patients in the low-risk group (pEBV-DNA <7,500 copies/ml). Among all patients, those receiving low intensity induction chemotherapy (IC courses = 2) had a better 5-year overall survival (OS) than those receiving no IC (P = 0.025) and high intensity IC (IC courses >2) (P = 0.044). In the high-risk group, receipt of low intensity IC showed significant 5-year OS (P = 0.032), progression-free survival (PFS) (P = 0.027), and 5-year distant metastasis-free survival (DMFS) (P = 0.008) benefits compared with not receiving IC. Multivariate analyses identified that not receiving IC was a risk factor compared with low intensity IC for OS (hazard ratio (HR) = 10.933, P = 0.038) among all patients. Moreover, in the high-risk group, not receiving IC was a risk factor for 5-year OS (HR = 10.878, P = 0.038), 5-year PFS (HR = 5.705, P = 0.041), and 5-year DMFS (HR = 10.290, P = 0.040) compared to low intensity IC. There were no differences in survival for patients treated with or without concurrent chemotherapy.



Conclusion

Two courses of platinum-based IC might be the optimal induction chemotherapy intensity to reduce risk of death, progression, and distant metastasis in patients with high pEBV-DNA levels.
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Introduction

Children and adolescent nasopharyngeal carcinoma (CaNPC) is a rare malignant tumor that accounts for 1–2% of all nasopharyngeal carcinoma (NPC) in endemic areas (1). Similar to adult NPC, the most common pathological type of CaNPC is also WHO Type II and III (undifferentiated) (1). However, in contrast to adult NPC, CaNPC is more likely to be locally advanced, but has a better prognosis. In terms of overall stage, the 5-year overall survival rate of CaNPC is 83–89.2% compared to 62–83.6% in adult patients with NPC (2, 3). Given that a standard treatment has not been established, the treatment strategy for CaNPC mainly follows the treatment guidelines for adult NPC.

Induction chemotherapy (IC) combined with concurrent chemoradiotherapy (CCRT) has been the standard treatment for locoregionally advanced NPC in adults based on two large-scale prospective studies (4, 5). Several retrospective studies have also confirmed the efficacy and safety of IC plus CCRT in CaNPC (6–12). However, these studies do not show whether patients with CaNPC could actually benefit from IC. Recently, a matched cohort analysis by Li et al., which compared IC plus CCRT with CCRT alone in CaNPC, failed to demonstrate that adding IC before CCRT could provide a significant additional survival benefit (13). Meanwhile, the radiotherapy techniques used in that study varied, including two-dimensional conventional radiotherapy(2D-CRT), three-dimensional conformal radiotherapy (3D-CRT), and intensity modulated radiation therapy (IMRT), which might have had an impact on treatment outcomes. Moreover, there was no stratified analysis based on the courses of IC in that study. Therefore, the role of IC in CaNPC remains controversial.

Epstein-Barr virus (EBV) infection, which is known to be related to adult NPC, also plays an important role in prognosis of CaNPC (1). Patients with CaNPC with high pretreatment plasma EBV DNA (pEBV-DNA) (≥7,500 copies/ml) had poor survival, which indicated that more intensive treatment might be needed for these patients. Therefore, the purpose of the present study was to explore the optimal chemotherapy strategy for CaNPC in terms of chemotherapy courses and the level of pEBV-DNA in the era of IMRT.



Patients and Methods


Population

Consecutive records of patients with non-distant metastatic nasopharyngeal carcinoma (age ≤21 years old) were reviewed from January 2006 to December 2016 in the Sun Yat-sen Cancer Center. The records were collected independently from the case management system in our institution by two oncologists. Patients were pooled according to the following inclusion criteria: (1) Newly histologically diagnosed nasopharyngeal carcinoma; (2) locoregional advanced stage (III and IVa, according to the AJCC 8th edition stage system); (3) who received radical IMRT; and (4) with known pretreatment pEBV-DNA concentrations. Non-platinum based concurrent chemotherapy were excluded, which is considered a nonstandard therapy regime in our institution. This study was approved by the Institutional Review Board and the Research Ethics Committee of Sun Yat-sen University Cancer Center. Written informed consent to participate in this study was provided by the participants’ legal guardians or next of kin.



Treatment

All patients received radical IMRT at our institution, the details of which were described previously (3, 13). The types of chemotherapy comprised IC alone, IC with CC, and CC alone. Several multidrug combined regimens were used for IC, including the TP regimen (docetaxel, 75 mg/m2 on day 1 and cisplatin, 80 mg/m2 on day 1), the PF regimen (cisplatin, 80 mg/m2 on day 1 and 5-fluorouracil, 800–1,000 mg/m2 for 96 h of continuous intravenous infusion), the TPF regimen (docetaxel, 75 mg/m2 on day 1 and cisplatin, 75 mg/m2 on day 1 with 5-fluorouracil, 750 mg/m2 for 96 h of continuous intravenous infusion), and the GP regimen (gemcitabine, 1 g/m2 on day 1 and 8 and cisplatin, 80 mg/m2 on day 1). All IC regimes (including TP, TPF, PF, and GP) were administered every 3 weeks for two to four cycles. The CC regimen was platinum based, and comprised cisplatin 80–100 mg/m2 every three weeks for two to three cycles or 30–40 mg/m2 every week for five to seven cycles during radiotherapy.



Evaluation and Data Processing

All patients were restaged independently according to the 8th edition of the International Union Against Cancer/AJCC tumor-node-metastasis (TNM) staging system by two oncologists. Treatment-related toxicities were assessed according to the Common Terminology Criteria for Adverse Events version 4.0 (CTCAE 4.0). After treatment, all patients were followed up every 3 months during the first 2 years, every 6 months during the next 3 years, and then annually.

The patients’ pEBV-DNA concentrations were measured using quantitative real-time PCR (qPCR) before therapy (14, 15). According to their pEBV-DNA level, the patients were divided into a high-risk group (≥7,500 copies/ml) and a low risk group (<7,500 copies/ml) based on a previous study in our institution, which demonstrated that pEBV-DNA at more than 7,500 copies/mL was an independent unfavorable prognostic factor for survival in CaNPC (16).

According to IC courses, patients were divided into three groups: The no IC group, the low intensity IC group (IC courses = 2), and the high intensity IC group (IC courses = 3 or 4).



Endpoints and Statistical Analysis

Overall survival (OS) was calculated from the beginning of therapy to death from any cause. Progression-free survival (PFS) was calculated from the beginning of therapy to recurrence or distant metastasis or death from any cause, whichever came first, and distant metastasis-free survival (DMFS), which was calculated from the beginning of therapy to first distant metastasis.

Survival analyses were conducted using the Kaplan–Meier method with the log-rank test. A Cox proportional hazards model was used for multivariate analysis with calculation of the hazard ratio (HR) and 95% confidence intervals (CIs). A chi-squared test (or Fisher’s exact test) was used to compare acute adverse events and late toxicities during treatment between the different treatment groups. A two-side P value less than 0.05 was considered as statistically significant. All statistical analyses were performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA).




Results


Demographics

A total of 335 patients were screened, and 179 patients were finally included in this study. The baseline characteristics of the patients are listed in Table 1. The median age was 18 years old (range, 6–21 years old). Among T1–3 stages, one patient had T1 stage disease, 14 patients had T2 stage disease, and 115 patients had T3 stage disease. The numbers of patients with N0, N1, N2, and N3 stage disease were 10, 39, 105, and 25, respectively. There were 86 patients in the high-risk group (pEBV-DNA ≥7,500 copies/ml) and 93 patients in the low-risk group (pEBV-DNA <7,500 copies/ml).


Table 1 | Baseline characteristics of the patients.





Survival Analysis Among All Patients

The cut-off date of follow-up was July 1, 2019. The median follow-up time was 56.1 months (range, 3.3–141.1 months). Among all 179 patients, 11 patients died, and 18 patients suffered from distant metastasis. Only three patients experienced locoregional recurrence. Among the patients with distant metastasis, six patients had bone metastasis, two patients had lung metastasis, one patient had liver metastasis, and nine patients had multiple site metastasis. Among patients with recurrent disease, one patient had nasopharyngeal recurrence, one patient experienced regional lymph node relapse, and one patient experienced both. The 1-year, 3-year, and 5-year OS rates were 98.9, 94.7, and 92.6%, respectively. The 1-year, 3-year, 5-year PFS rates and DMFS rates were 93.3 and 93.9%, 89.8 and 90.9%, and 88.4 and 90.2%, respectively.

Patients with a low pEBV-DNA level had a significantly better 5-year OS than those with a high pEBV-DNA level (98.9 vs. 85.8%, P = 0.003) (Figure 1A), a better 5-year PFS (93.1 vs. 83.2%, P = 0.030) (Figure 1B), and a better 5-year DMFS (95.4 vs. 84.4%, P = 0.011) (Figure 1C).




Figure 1 | Kaplan–Meier survival curves of CaNPC in different risk groups based on pEBV-DNA (A–C). pEBV-DNA, pretreatment Epstein-Barr virus DNA.



Among the three IC intensity groups, patients in the low IC intensity group had a better 5-year OS than those in the no IC group (98.0 vs. 88.6%, P = 0.025) or in the high intensity IC group (98.0 vs. 89.0%, P = 0.044) (Figure 2A), but showed no difference in the 5-year PFS and 5-year DMFS (all P > 0.05) (Figures 2B, C). No statistical differences were observed for the 5-year OS (P = 0.499), 5-year PFS (P = 0.395), and 5-year DMFS (P = 0.347) among patients treated with or without CC.




Figure 2 | Kaplan–Meier survival curves for 179 patients with NPC stratified by intensity of induction chemotherapy (A–C). IC, induction chemotherapy.



Univariate and multivariate analyses of 5-year OS, PFS, and DMFS among all patients are listed in Table 2. Through multivariate analyses, a high pEBV-DNA level was identified as an independent risk factor for 5-year OS (HR = 10.103; 95% CI: 1.250–81.680; P = 0.030) and 5-year DMFS (HR = 3.325; 95% CI: 1.009–10.470; P = 0.048). Compared with low intensity IC, no IC showed a risk for 5-year OS (no IC vs. low intensity IC: HR = 13.722, 95% CI: 1.422–132.426, P = 0.024), while high intensity IC failed to show a survival benefit (P = 0.133).


Table 2 | Univariate and multivariate analysis for potential prognostic factors in clinical outcomes among all patients and patients in the high risk group.





Survival Analysis Stratified by pEBV-DNA

The characteristics of the patients in two risk groups are listed in Table 1. In the high risk group, patients treated with low intensity IC achieved a significantly better 5-year OS (95.2 vs. 75.0%, P = 0.032) (Figure 3A), PFS (92.4 vs. 68.8%, P = 0.027) (Figure 3B), and DMFS (96.0 vs. 68.8%, P = 0.008) (Figure 3C) than those who did not receive IC; however, no statistically significant survival differences were observed when compared with the high intensity IC group (Figures 3A–C). No statistically significant differences were observed between the with or without CC groups in terms of 5-year OS (84.2 vs. 100%, P = 0.279), 5-year PFS (83.8 vs. 77.8%, P = 0.582), and 5-year DMFS (79.7 vs. 67.7%, P = 0.593) (Table 2). In multivariate analyses, not receiving IC was a risk factor for 5-year OS (HR = 10.878, 95% CI: 1.135–104.273, P = 0.038), 5-year PFS (HR = 5.705, 95% CI: 1.073–30.304, P = 0.041), and 5-year DMFS (HR = 10.290, 95% CI: 1.115–94.968, P = 0.040) compared with the risk of receiving low intensity IC. No other independent prognostic factors were identified in patients treated with or without CC (the details are shown in Table 2).




Figure 3 | Kaplan–Meier survival curves for the subgroup of 86 patients with NPC in the high-risk group stratified by intensity of induction chemotherapy (A–C). IC, induction chemotherapy.



In the low risk group, there were no significant differences for 5-year OS, 5-year PFS, and 5-year DMFS in the comparison of the IC intensity groups or with/without CC groups (Figure 4 and Table 3).




Figure 4 | Kaplan–Meier’s survival curves for the subgroup of 93 patients with NPC in the low risk group stratified by intensity of induction chemotherapy (A–C). IC, induction chemotherapy.




Table 3 | Univariate and multivariate analysis for potential prognostic factors in clinical outcomes for patients in the low risk group.





Toxicity Analysis

Acute adverse events were assessed in all 179 patients (Table 4). The most common hematological toxicity was leukocytopenia (n = 164, 91.6%), followed by neutropenia (n = 130, 72.6%). As the intensity of IC increased, the proportion of acute adverse events increased. The proportion of grade 3–4 neutropenia was significantly higher in the high intensity IC group (43.2%) than that in the low-intensity IC (24.6%) or no IC group (11.1%) (P = 0.001).


Table 4 | Cumulative acute adverse events during therapy by maximum grade per patient during therapy.



Late toxicities were assessed in 168 patients (late toxicities could not be assessed in the 11 patients who died) (Table 5). As a special age group, the late adverse toxicities of radiotherapy focused on children. Therefore, grade 2–4 late toxicities were counted in our study, which could have long term, even lifelong effects on quality of life of child patients. The most common late radiotherapy-related toxicity was grade 2–4 xerostomia (n = 58, 34.5%), followed by grade 2–4 hearing impairment (n = 38, 22.6%) and grade 2–4 neck fibrosis (n =36, 21.4%). Ten (6.0%) patients suffered from endocrine dysfunction, three in the No IC group, four in the low intensity group, and three in the high intensity group. The incidence of late toxicities was not significantly different among the three IC intensity groups.


Table 5 | Radiotherapy-related grade 2–4 late toxicities.






Discussion

As far as we know, the efficacy of IC has not been evaluated well in locoregionally advanced CaNPC in the IMRT era and a standard combined chemotherapy strategy has also not been established. In the present real-world study with a large number of consecutive patients, we found that low intensity IC (two courses of platinum-based IC) was the optimal intensity of IC to reduce the risk of death, progression, and distant metastasis in patients with high pretreatment pEBV-DNA levels; however, there was no optimal IC intensity for patients with low pEBV-DNA.

The patients in our study achieved a satisfactory 5-year OS rate (92.6%), which was higher compared with that reported in a previous study from the same institution (86.6% in the IC +CCRT group and 80.2% in the CCRT group) (13). In the study by Li et al., patients who received 2D-CRT were also included, but we only included patients with IMRT, who have a better survival rate compared with those receiving 2D-CRT. Moreover, our outcome was similar to that reported by Lu et al. (92.8%), who studied the 5-year OS rate of 34 children patients treated with IMRT.

IC followed by CCRT had been widely accepted as the standard treatment strategy for locoregionally advanced NPC in adults, based on two large-scale prospective, multicenter, randomized phase III clinical trials (3, 4). However, there has been no prospective study to confirm the efficacy of IC in terms of survival in CaNPC. In the past two decades, several small-scale prospective studies have been conducted in CaNPC, which focused on reducing the dose of radiotherapy by using induction chemotherapy to shrink the tumor to reduce radiotherapy-related toxicities (9, 12, 17). These studies showed that three or four cycles of platinum-based IC could achieve a 76–98% overall response rate; however, they did not present results on the impact of IC on survival (9, 12, 17, 18). CaNPC is a rare disease; therefore, most studies on the impact of IC on survival have been retrospective. A matched cohort analysis by Yang et al. demonstrated that adding IC before CCRT not only had no significant additional survival benefit, but also increased toxicities, such as grade 3 to 4 neutropenia (13). Another retrospective analysis by Zheng et al. found that additional IC was not an independent factor for survival in a Cox proportional hazards regression model (19). It is worth noting that the IC delivered in the above studies had no survival benefit in CaNPC as opposed to that in adults, which might be associated with the tolerance of patients with CaNPC. The toxicity, together with high-intensity chemotherapy, might offset the survival benefits. Unfortunately, none of the above studies analyzed the effect of IC intensity on survival. Therefore, in the present study, we divided the patients into a no IC group, a low intensity IC group (IC courses = 2), and a high intensity IC group (IC courses = 3 or 4). The results showed that patients in the low IC intensity group had a better 5-year OS than those in no IC and high intensity IC groups. In addition, higher IC intensities resulted in the more acute adverse events. These results suggested that two courses of IC might be the optimal IC intensity. Univariate analysis suggested that patients in the high intensity IC group had a worse 5-year OS rate compared with those in the low intensity IC group; however, multivariate analysis suggested that high intensity IC was not a risk factor compared with low intensity IC. We found that patients treated with high intensity IC had more advanced disease compare with patients treated with low intensity IC (IVa stage: 44.6 vs. 40.6%, N3: 20.3 vs. 14.5%), and patients with more advanced stage disease were more likely to receive more courses of IC.

Pretreatment pEBV-DNA is an important biomarker to predict survival and guide treatment for adults with NPC (20, 21). We demonstrated a similar role of pEBV-DNA in survival prediction in CaNPC, which agreed with the result of a previous study (16). An observational study by Shen et al. showed that the pretreatment pEBV-DNA load was an independent prognostic indicator for DMFS and OS in pediatric patients with NPC. In terms of overall survival, the cutoff value of pretreatment pEBV-DNA = 7,500 copies/ml was suggested for CaNPC in a retrospective analysis by Shen et al., which was also used in the present study (16). The difference in survival associated with pretreatment pEBV-DNA suggested that the treatment intensity of patients with different pretreatment pEBV-DNA levels could be individualized, which has been explored in adults with NPC (21). However, there has been no similar study in CaNPC focusing on the IC intensity and survival stratified by pEBV DNA. In the present study, patients with high pretreatment pEBV-DNA levels had better 5-year OS, PFS, and DMFS when treated with low intensive IC compared to those treated with no or high intensity IC. This indicated that two courses of IC might be sufficient for patients with CaNPC with a high pretreatment pEBV-DNA level, which might be related to CaNPC being more sensitive to platinum-based chemotherapy (18). Higher intensity IC (more than two courses) did not show survival benefits; however, it did result in more adverse events, which could be attribute to immune system damage (22, 23).

Concurrent cisplatin chemotherapy during radiotherapy has been the standard treatment for locoregional advanced NPC for twenty years, following the publication of the phase 3 randomized intergroup study 0099 (24). Recently, a prospective study showed that CaNPC treated with IC+CCRT achieved a good 5-year OS rate (89.2%) (12). However, in the present study, we failed to find that patients treated with CC achieved better survival. On the one hand, there were only 26/179 patients that did not accept CC, which was a small percentage compared with the patients treated with CC. On the other hand, patients treated with CC were more likely to have stage IVa disease compared with patients treated without CC (41.1 vs. 26.9%), and patients with stage IVa might have worse survival.

The limitations of this study were mainly related to its retrospective nature. First, this was a single-center retrospectively non-randomized study and potential confounding factors might bias the results. Consequently, we conducted multivariate analyses to weaken these confounding effects. Second, the IC regimens varied because they were extracted directly from electronic records rather than decided upon by the authors. Based on this consideration, the aim of this study did not include determining the best IC regimen. Moreover, an international randomized, phase II study showed that patients with CaNPC treated with the IC regimes TPF or PF had no difference in survival (11). Finally, no head-to-head comparison of survival outcomes was made among different chemotherapy intensities in this study. We believe that such comparisons should be conducted in a well-designed randomized controlled trial with robust methodological support and the potential ability for practice-changing.



Conclusion

The two courses of platinum-based IC might be the optimal chemotherapy intensity to reduce risk of death, progression, and distant metastasis in patients with high pEBV-DNA levels. Higher intensity IC increased toxicity without any survival benefit.
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