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Purpose

This study aimed to explore factors associated with recurrence and metastasis after intensity-modulated radiotherapy (IMRT) in patients with nasopharyngeal carcinoma (NPC) and provide evidence for NPC treatment.



Methods

We retrospectively analysed the treatment dose and survival outcomes of 645 patients with nasopharyngeal carcinoma without distant metastases treated with IMRT for the first time at three treatment centres in the Guangxi Zhuang Autonomous Region, China, between January 2009 and December 2012.



Results

There were 9.3% of patients (60/645) had recurrence and 17.5% (113/645) had distant metastasis 5 years after treatment. The 1-year, 3-year and 5-year local recurrence rates were 0.9%, 6.5% and 9.0% respectively. And the 1-year, 3-year and 5-year distant metastasis rates were 3.4%, 10% and 17.2%, respectively. In the 60 patients with recurrence, the in-field, marginal-field, and out-field recurrence rates were 93.3% (56/60), 5.0% (3/60) and 1.7% (1/60), respectively. Recurrence failures occurring within the first three years after treatment accounted for 81.7% (49/60). In the 113 patients with metastasis, the size of the cervical lymph node, the presence of lower cervical lymph node metastasis, the residual cervical lymph node size and the time of residual cervical lymph node complete response (CR) were independent prognostic factors for DMFS (P <0.05).



Conclusion

Most recurrences occured in the first three years after IMRT. In-field recurrence was the most common pattern for loco-regional failure of NPC treatment. The risk of distant metastasis was positively correlated with higher N stage, lower neck nodal metastasis, larger size of cervical lymph nodes, and longer time to response for residual NPC in cervical adenopathy.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common malignant tumor, with higher incidence in southeastern China than that in other regions of China. In recent years, intensity-modulated radiotherapy (IMRT) has gradually replaced traditional two-dimensional radiotherapy (2D-RT) for nasopharyngeal carcinoma (1).

Comprehensive treatment with IMRT as the primary treatment approach significantly improves the prognosis of patients with a local control rate over 90%, and overall survival rate over 80% (2–6). Although radiotherapy alone has excellent performance in the treatment of early nasopharyngeal carcinoma, radiotherapy is a local treatment and has limited effect on distant metastasis. Chemotherapy can effectively kill distant metastatic subclinical cancer cells. Theoretically, radiotherapy combined with chemotherapy can reduce the distant metastasis rate and improve the long-term survival rate of nasopharyngeal carcinoma. According to the 2021 National Comprehensive Cancer Network (NCCN) guidelines for nasopharyngeal carcinoma,concurrent chemoradiotherapy (CCRT) is the standard treatment for patients that are stage II-IVb and Cisplatin (CDDP)-based chemotherapy is the regimen most commonly used in recent years.

However, distant metastasis and recurrence remain the primary reasons for failure (7–10). The clinical characteristics of recurrent and metastatic NPC are multi-specific (7–10). Therefore, a deeper understanding of the clinical feature characteristics of recurrent and metastatic NPC is crucial,which can be helpful in the early diagnosis and treatment of NPC. In this multicenter study, we reviewed a large cohort of patients to explore the factors related to NPC recurrence and distant metastasis after IMRT, which could provide evidence for NPC treatment.



Material and Methods


Patients

We retrospectively analyzed 645 patients with untreated, non-distant metastatic, newly histological confirmed NPC treated with IMRT from January 2009 to December 2012 at three hospitals (the First Affiliated Hospital of Guangxi Medical University, 424; the Fourth Affiliated Hospital of Guangxi Medical University, 167; and the People’s Hospital of Liuzhou, 54). All patients underwent a detailed clinical and laboratory examinations, pre- and post-treatment magnetic resonance imaging (MRI) of the head and neck region, nasopharyngoscopic biopsy, chest X-ray or CT, abdominal ultrasound or CT, and bone scan for exclusion of distant metastases. The study was approved by the ethics review board of Guangxi Medical University.



Clinical Staging

All MRI images were reviewed independently by two radiologists specialized in head and neck MRI., Any disagreements were resolved by consensus.and by referencing relevant patient clinical information (such as cranial nerve palsy, lymph node size, etc.). Tumors were staged according to the seventh edition UICC/AJCC Staging System (11). The location of lymph node was identified according to the RTOG nodal classification criteria (2013 edition) (12). If MRI showed lymph node metastasis, but palpation was not found, then the MRI prevailed.



Diagnostic Criteria for Distant Metastasis and Local and Regional Recurrences After Radiotherapy

Diagnosis of metastasis to the lung, liver, brain or chest was primarily determined with imaging result, and then subjected to a pathological confirmation. Our diagnostic approach included analysis of tumor markers and radiography methods (such as CT, PET or MRI). Bone metastasis was also confirmed through two radiography methods and excluding the metastasis from another primary tumor.

Local recurrence was defined as the appearance of a new pathologic biopsy-confirmed tumor at six months after radiotherapy. For cases in which pathological evidence could not be acquired, local recurrence could be identified according to the MRI examinations and the clinical evaluation. Lymph node residual was defined as the existence of the lymph node at the end of radiotherapy. Regional recurrence was defined as the appearance of the positive lymph node verified by fine needle aspiration biopsy (FNA), excision, or clinical and multi-imaging examination at six months after radiotherapy (13).

Tumor volume with recurrence (Vr) in 60 NPC patients was assessed by two experienced radiation doctors. The Vrs were normalized to the initial treatment plan to compare the V95 (volume of 95% isodose lines) of the Vr and the initial treatment plan, which was divided into: (1) In-field recurrence: ≥95% Vr within the 95% isodose lines of the primary target region. (2) Marginal-field recurrence: 20%≤Vr<95% within the 95% isodose lines of the primary target region. (3) Out-field recurrence: <20% Vr within the 95% isodose lines of the primary target region.



Treatment

After identification of the gross tumor volume(GTV)by MRI, contrast-enhanced CT was performed for target delineation and treatment planning (11, 14). Based on the varying conditions of each clinical tumor center, prescription doses were delivered according to planning target volumes (PTV), which were determined by adding a 3- to 5-mm margin to each target region: 69.96–74.58 Gy to the GTV in the nasopharynx and positive neck nodes; 62.0–66.03 Gy to the high-risk clinical target volume (CTV1); 51.15–56.1 Gy to the low-risk clinical target volume and lymphatic drainage region of the neck (CTV2). All targets were treated once daily, 5 times a week, for a total fraction of 30-33. The dose constraints of organ at risk (OAR) and plan evaluation were determined according to the Radiation Therapy Oncology Group (RTOG) 0615 and the RTOG 0225 protocols (15).

Of the 645 cases, 12.7% (82/645) received radiotherapy (RT), 28.1% (181/645) received concurrent chemoradiotherapy (CCRT), 53.2% (343/645) received CCRT-neoadjuvant chemotherapy (NACT) and/or adjuvant chemotherapy (ACT), and 6.0% (39/645) received RT + NACT and/or ACT. CCRT was carried out using platinum-based chemotherapy (cisplatinum, nedaplatin, and carboplatin); NACT and ACT were performed using platinum-based combined chemotherapy (paclitaxel/platinum, paclitaxel/fluorouracil/platinum, and fluorouracil/platinum).



Follow-Up

Follow-up evaluations occurred every 3 months during the first 3 years and every 6 months thereafter. The follow-up time was calculated from the date of treatment completion to the date of the last contact or death. By the follow-up day of December 31th 2017, the median follow-up time was 62 months (with a range of 11-95 months) with a follow-up rate of 96.6%. Physical examination, chest X-ray, abdomen ultrasound, fiber nasopharyngoscopy, and laboratory analysis were performed at each follow-up. MRI of the head and neck was performed every 6 months. For patients with suspicious distant metastasis on physical examination, CT scan of the chest and abdomen and bone scintigraphy were performed to confirm the metastasis. And the patients will undergo positron emission tomography/computed tomography (PET/CT) examinations if necessary.



Statistical Analysis

Statistical analyses were conducted using SPSS 19.0 software. The Kaplan-Meier method was used to calculate survival rate, and the log-rank test was used to compare survival outcomes. The Cox model was used for multivariate prognostic analysis. Host factors (such as the WHO classification, age, gender, chemotherapy treatment, and TNM staging) were set as covariates in the multivariate analysis. The main analysis indicators included overall survival (OS) rate, regional recurrence-free survival (RRFS), local relapse-free survival (LRFS), and distant metastasis-free survival (DMFS). P values < 0.05 were considered statistically significant.




Results


Patient Demographics

A total of 645 NPC patients were included in this study, with median age of 46 years (range: 18-78 years). There were 478 male patients and 167 female patients (male/female ratio of 2.86/1). According to the seventh edition of the UICC/AJCC Staging System, 2.5% (16/645), 13.0% (84/645), 47.8% (308/645), 29.8% (192/645), and 7.0% (45/645) of the patients were classified as stage I, II, III, IVa, and IVb, respectively. Patients with stage T1, T2, T3, and T4 NPC accounted for 6.4% (41/645), 20.2% (130/645), 40.6% (262/645), and 32.9% (212/645), respectively. Patients with stage N0, N1, N2, and N3 accounted for 13.5% (87/645), 34.7% (224/645), 44.8% (289/645), and 7.0% (45/645), respectively. The 5-year OS, RRFS, LRFS, and DMFS rates were 84.2%, 94.4%, 90.1%, and 82.8% (Figure 1), respectively. After radiotherapy treatment, 58.0% (374/645) of patients achieved complete remission and 42.0% (271/645) of patients achieved partial remission. Of the patients with partial remission, 74.2% (201/271) had detectable primary tumor residue, 47.2% (128/271) had cervical lymphatic lesion residue, and 21.4% (58/271) had both primary tumor residue and cervical lymphatic lesion residue.




Figure 1 | The 5-year overall survival rates (A), local recurrence-free survival rates (B), regional recurrence-free survival rates (C) and distant metastasis-free survival rates (D) of patients based on IMRT.





Clinical Treatment Outcome

Of the 645 NPC patients treated with IMRT, recurrence occurred in 60 patients. Of the patients with recurrent NPC (rNPC) the rates of local recurrence (except for retropharyngeal lymph nodes), regional node recurrence, local and regional node recurrence, and retropharyngeal lymph node recurrence, were 55.0% (33/60), 33.3% (20/60), 6.7% (4/60), and 5.0% (3/60), respectively. 81.7% (49/60) of local failures occurred within the first 3 years after treatment completion. The time from completion of the treatment to the first recurrence ranged from 9 to 75 months, with a median of 27 months. The patients with a recurrence time of less than 6 months, 6 to 12 months, 12 to 18 months, 18 to 24 months, 24 to 36 months, 36 to 60 months, and more than 60 months was 0% (0/645), 0.9% (6/645), 2.3% (15/645), 1.6% (10/645), 2.8% (18/645), 1.4% (9/645), and 0.3% (2/645), respectively. The most common site for recurrence was the nasopharynx, local anatomical sites are the pterygomaxillary fossa, cavernous sinus, parapharyngeal space, ruptured hole, etc. According to the diagnostic criteria for local and neck node regional recurrences, of the 60 patients with local recurrent NPC, 93.3% (56/60) were classified as a GTV in-field recurrence with a radiotherapy dose of 70-74 Gy, and 5.0% (3/60) were classified as a GTV marginal field recurrence with a radiotherapy dose of 54-66 Gy. Only 1 patient was classified as a GTV out-field recurrence. Among the patients that had recurrence, 41 were male (68.3%) and 19 were female (31.7%), giving a male/female ratio of 2.158. The mean age of these patients was 46 years old (with a range of 18-78 years old). The 1-year, 3-year, and 5-year locoregional recurrence rates were 0.9%, 6.5%, and 9.0%, respectively. The 1-year, 3-year, and 5-year locoregional control rates were 99.1%, 93.4%, and 90.1%, respectively.

Of the 645 patients with NPC undergoing intensive radiotherapy, 113 patients had distant metastases within 5 years of radiotherapy. The median age of patients with distant metastases was 47 years (range: 20-74 years). The median time of distant metastasis occurrence was 24 months (range: 6-79 months) after radiotherapy. Among the 113 patients with distant metastases, there were 68 patients with bone metastases (including 25 cases of bone metastasis alone, 16 cases of bone and liver metastasis, 7 cases of bone and lung metastasis, and 9 cases of bone and brain metastasis), 7 cases of brain metastasis, 24 cases of liver metastasis, 12 cases of lung metastasis, 2 cases of axillary lymph node metastasis, and 11 cases of metastases to multiple organs. There were 82 males (72.6%) and 31 females (27.4%) who had distant metastases, giving a male to female ratio of about 2.65/1.

By the last follow-up day (December 31, 2017), 112 patients in the sample had died. Seventy-eight patients died of distant metastasis, 16 died of recurrence, 7 died of recurrence and metastasis, and 10 died of other causes (including 1 case of car accident, 3 cases of cerebrovascular diseases, 2 cases of cardiovascular disease, 1 case of pulmonary infection, and 1 case with an unknown cause of death).



Univariate Analysis of the Effect of General Clinical Factors on DMFS and RRFS

Univariate analysis was conducted to determine the effect of age, sex, pathological tumor type, chemotherapy (yes/no), radiotherapy dose, and short-term efficacy of treatment on DMFS and RRFS. The results showed that lymph node residue at the end of radiotherapy significantly impacted 5-year DMFS (P <0.05). However, the primary tumor residue and lymph node residue after radiotherapy did not significantly impact 5-year RRFS (P >0.05). The variables of age, sex, pathological type, chemotherapy, primary tumor, and lymphatic lesion radiotherapy dose had no significant effect on 5-year DMFS or RRFS (P> 0.05). In addition, primary tumor residue after radiotherapy did not impact 5-year DMFS (P> 0.05, Table 1).


Table 1 | Univariate analysis of general clinical factors on DMFS and RRFS.





Relationship of Recurrence Rates and Metastasis Rates With Clinical Stages

Of the 645 patients, the local recurrence rates of T stage 1, 2, 3, and 4 were 4.9% (2/41), 9.2% (12/130), 8.0% (21/262), and 11.8% (25/212), respectively. The regional recurrence rates of N stage 0, 1, 2, and 3 were 16.1% (14/87), 8.0% (18/224), 7.6% (22/289), and 13.3% (6/45), respectively. The recurrence rates of clinical stage I, II, III, and IV were 0% (0/6), 13.1% (11/84), 7.1% (22/309), and 11.4% (27/236), respectively. The 5-year distant metastasis rates of T stage 1, 2, 3, and 4 were 7.3% (3/41), 16.2% (21/130), 15.3% (40/262), and 21.7% (46/212), respectively. N stage 0, 1, 2, and 3 were 6.9% (6/87), 12.5% (28/224), 21.1% (61/289), and 35.6% (16/45), respectively. The distant metastasis rates of clinical stage I, II, III, and IV were 6.3% (1/16), 13.1% (11/84), 15.2% (47/309), and 22.5% (53/236), respectively.

Comparison of local and regional recurrence rates of different clinical stages, indicated that there were no significant differences in the local and regional recurrence rates among T, N, and clinical stages (Table 2). Comparing the distant metastasis rates of different clinical stages showed that N stage was an independent prognostic factor for 5-year DMFS (P <0.05).


Table 2 | Univariate analysis of staging on DMFS and RRFS.





Univariate Analysis of the Effect of N Staging and Cervical Lymphatic Residue on Distant Metastasis

We conducted univariate analysis of N-staging factors for 558 patients with cervical lymph node metastasis using DMFS as the observation index. Lymphatic metastasis size and lower cervical lymph node metastasis had a significant effect on 5-year DMFS (P <0.05). In contrast, one or two lateral cervical lymph node metastases, extracapsular spread, necrosis, or skip metastasis did not significantly affect 5-year DMFS (Table 3).


Table 3 | Univariate analysis of N staging factors on DMFS.



In all 558 patients with cervical lymph node metastasis, 22.90% (128/558) had residual cervical lymphatic nodes after radiotherapy. In 82.8% (106/128) of the patients, the lymph node residue was in region II. Univariate analysis showed that residual lymphatic node size and complete response time of the residual lymphatic nodes had effects on 5-year DMFS (P<0.05), while the location of the residual lymphatic nodes, the number of residual lymphatic nodes, and unilateral or bilateral distribution had no effect on 5-year DMFS (Table 4).


Table 4 | Univariate analysis of 128 cases of cervical lymph node residual lesion on DMFS.





Multivariate Analysis

We analyzed the factors found to have significant (P <0.05) effects in univariate analysis using the Cox proportional hazard model. Patients’ age, sex, chemotherapy treatment, WHO classification, and clinical stage were used as covariates in the regression and 5-year DMFS and RRFS were designated as the observation index. Multivariate analysis showed that N staging and cervical lymphatic residue after radiotherapy were independent prognostic factors of 5-year DMFS (P <0.05). Lymphatic metastasis in the lower neck IVa/IVb/Vb/Vc areas in the N stage and the size of the cervical lymphatic nodes were independent prognostic factors of 5-year DMFS (P <0.05). The size of cervical lymphatic residues and the complete response time for residual lymphatic lesions were independent prognostic factors of 5-year DMFS (P <0.05, Table 5 and Figure 2).


Table 5 | Multivariate analysis: Cox proportional hazard model on 5-year DMFS.






Figure 2 | Kaplan–Meier curves of distant metastasis-free survival according to N residues at the end of radiotherapy (A), Region of Lymph node (upper vs lower cervical) (B), and Complete response time of residual lymphatic node (≤3 months vs 3-6 months vs ≥6 months) (C). p values were calculated with the log-rank test.






Discussion

Intensity modulated radiotherapy (IMRT) has gradually replaced 2D or 3D conformal radiotherapy (CRT) as the mainstream treatment modality. and dramatically improved the prognosis of NPC. The 5-year LRFS, DMFS, DFS, DSS, and OS rates for NPC treated with IMRT were 92.3%, 83.6%, 76.4%, 85.1%, and 83.7%, respectively, as previously reported (16). In the present study involving 645 NPC patients treated with IMRT, the 5-year OS, RRFS, LRFS, and DMFS rates were 84.2%, 94.4%, 90.1%, and 82.8%, respectively, which is consistent with other reports. Compared to conventional radiotherapy and 3D-CRT, IMRT achieves satisfactory target coverage, protection of normal tissues, higher overall survival rate, and better local control rate in NPC patients. However, local/regional recurrence and distant metastasis remain the main causes of failed for NPC (7, 17–19).

Our study indicated that the recurrence rate was 9.3% (60/645), with a mean recurrence age of 46 years (18-78 years),which was consistent with the other reports (20, 21). The recurrent constituent ratio declined gradually from the completion of the treatment. Our study revealed that 81.7% (49/60) of local failures occur within the first 3 years after treatment. Based on the analysis of 337 NPC patients that had recurrence from 1999 to 2004, the calculated recurrence rates at 2 years and 5 years were 48.7% and 83.1%, respectively (22). Thus, follow-up after treatment in the first 5 years is essential for NPC patients. We recommend a follow-up every 3 months for the first 3 years after treatment, every 6 months from the third to fifth year, and annually thereafter. Age and gender should be considered for the distant metastasis of NPC patients after IMRT (23, 24), which showed that age was not associated with distant metastasis, but males were 3.7 times more likely to develop distant metastasis than females. Of the 113 patients with distant metastasis, the ratio of male to female was 2.65/1. In some reports (25, 26), more than 70% of distant metastasis occurred within three years after IMRT, and tend to be stable after 3 years. Of the 645 patients in our current study, 17.5% developed distant metastasis, 73.4% of which occurred within 3 years.

Our results indicated that there were no significant differences in local and regional recurrence rates among T, N, and clinical stages, which is consistent with previous reports. Wu L. et al. (27). concluded that there was no significant difference between T stage in NPC local recurrence after IMRT. Data from Li L.’s study (28) also indicated that T stage is not an independent prognostic factor for NPC recurrence. The primary causes of tumor recurrence may be due to the biological properties of cancer cells. Tumor may result in a leaky vascular supply and cell hypoxia, which causes an insensitivity to radiation or radio-resistance of tumor cells (29, 30). Additionally, a large tumor volume also results in a smaller demarcation, limiting the enhancement of the radiotherapy dose. Several methods of promoting control rate could be used, such as exploring areas of insensitivity to radiation or radio-resistance through the use of biological imaging methods such as PET/CT (31), using radiosensitizers, and enhancing the local radiotherapy dose (32, 33). Wu T (34) noted that the total dose of re-irradiation is an independent prognostic factor for the survival of recurrent NPC patients. However, in a study by Wu L (27), for these clonogenic cells that are insensitive to radiation, blindly increasing the radiotherapy dose may result in an excess of radiotherapy without reducing the local recurrence, which increases long-term radiation injury and decreases quality of life.

N staging is related to poor prognosis (35). However, reports vary concerning how specific factors affect NPC prognosis. Yi et al. (36) reports that Ib lymph node enlargement of the carotid sheath area due to tumor invasion is an independent factor that affects prognosis. Tang et al. (37) reports that posterior pharyngeal lymph node metastasis has effects on DMFS and is nearly statistically significant. Teo et al. (32) suggests that distant metastases are associated with lymphatic lesion fixation and contralateral lymph node metastasis, but that the maximum diameter of lymph node is not predictive of distant metastasis. Similarly, Gao et al. (38) suggests that prognosis is neither dependent of the maximum diameter nor the area of the metastatic lymph nodes. In contrast, Lee et al. (39) reports that distant metastasis is related to the size of the lymph nodes. The results of our study show that the diameter of the metastatic lymph nodes in the neck and the inferior cervical IVa/IVb/Vb/Vc lymph node metastasis are both independent prognostic factors of DMFS for NPC patients (P < 0.05). In particular, we found that for each 3 cm increased in diameter of the cervical lymph nodes, DMFS decreased by more than 6%. Patients with cervical lymph nodes more than 6 cm in diameter had a 23% higher DMFS rate relative to those with 3-6 cm in diameter, indicating that a greater risk of distant metastasis for patients with larger cervical lymph nodes after IMRT. Therefore, the lymph nodes size and location are significant predictors of distant metastasis, and can be used as an important reference in clinical treatment.

The incidence of residual lymph nodes after conventional radiotherapy treatment was 33-38% (40), whereas after IMRT was about 44.7% (41) or 50% (42). In the present study, we found that 23.79% (128/538) of patients had residual cervical lymph nodes at the end of radiotherapy. Notably, the residual lymph nodes were found at the sites of the original metastatic lymph nodes,but not found in other parts. 82.8% (106/128) of the patients with residual lymph nodes were located in region II, which is consistent with the findings of Xia liangping (43). In order to examine the relationship between residual lymph nodes and prognosis, Wang Maoxin (44) performed Cox regression analysis and found that the size of residual or recurrent lymph nodes, involvement of the V region, and the number of involved areas are associated with prognosis. Liao Yulu (45) suggests that lymph node residue after radiotherapy is related to DMFS. In their study, 72% of patients achieved complete response of residual lymph nodes in the neck within 3 months of treatment, while patients with residual lymph nodes after 3 months of radiotherapy had a poor prognosis. Consistent with these findings, in our study, 74.59% (91/122) of patients had complete response of residual cervical lymph nodes within three months. Univariate and multivariate factor analyses showed that the number of lymphatic nodes, residue in unilateral or in bilateral sites, and the regions where the residues located were not risk factors of DMFS (P > 0.05). On the other hand, the size of residual lymphatic nodes and the time to residual lymphatic nodes complete response were independent prognostic factors for DMFS (P < 0.05). The DMFS rate in patients with residual lymph nodes 3 months after treatment was significantly lower than that in patients without residual lymph nodes. Therefore, the persistence of residual lymph nodes three months after radiotherapy is an independent risk factor for poor DMFS.

There are many reasons for recurrence of NPC after radiotherapy, with different presentations between local recurrence and regional recurrence. The main causes of recurrence after 2D-RT treatment include cancer biological properties (such as insensitivity to radiation of clonogenic cells), clinical stage (such as advanced T stage), and the treatment technique used. Compared with conventional radiotherapy, IMRT has been shown to improve dose distribution of locally advanced NPC patients and reduce the local recurrence caused by inadequate dose. Our study is consistent with these findings. Local recurrence after conventional radiotherapy usually occurs in the marginal low-dose areas. However, we found that local recurrence after IMRT primarily occurs in in-field high-dose areas. This is in accordance with previously published results by Jia X et al. (46). Our results also indicated that in the 60 patients that experienced the recurrence, 56 exhibited in in-field high-dose GTV. Most of these 56 recurrent patients were in advanced T stage (T3/4), which suggested that local/regional recurrence of NPC patients after IMRT treatment was related to tumor resistance and radiotherapy resistance. This result indicates that for NPC patients treated with IMRT, increasing the dose of the target can’t reduce the occurrence of local/regional recurrence. Therefore, the biological properties of cancer cells should be taken into consideration to decrease the incidence of local/regional recurrence in NPC patients.

Combining radiotherapy and chemotherapy can reduce the incidence of distant metastasis and recurrence in patients with NPC after IMRT. The risk of distant metastasis after IMRT is positively correlated with N staging, cervical metastatic lymphatic node size, residual lymphatic node size, and time for complete response of the residual lymphatic nodes. The number and regression time of cervical lymphatic nodes residues are adverse prognostic factors of DMFS after IMRT. Local recurrence primarily occurs in the first three years after treatment, is more common in males, and shows no significant relationship to T stage. The site of recurrence primarily occurs in the in-field target. Thus, when using IMRT, to further increase the tumor local control rate and DMFS, more consideration should be given to the biological properties of cancer and on radiosensitizers and the establishment of individual cancer treatments.



Data Availability Statement

The data used to support the findings of this study are available from the corresponding author upon request.



Ethics Statement

The studies involving human participants were reviewed and approved by The study was approved by the ethics review board of The First Affiliated Hospital of Guangxi Medical University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article



Author Contributions

MK conceived the original idea and wrote the proposal, MK, RW and TZ designed the study, organized the data collection, analyzed the data. MK, SC, DY, XL, YL, BY, YB, MX, PZ, ZY and KL organized the data collection and analyzed the data. MK, SC and DY wrote the manuscript for publication. DY made statistical analysis of the data, and revised the manuscript. All authors contributed to editing the manuscript and provided critical feedback and approved the final manuscript.



Funding

This work was supported by grants from the National Natural Science Foundation of China (81460460,81760542), The Research Foundation of the Science and Technology Department of Guangxi Province, China (grants 2016GXNSFAA380252, 2018AB61001), the Research Foundation of the Health Department of Guangxi Province, China (S2018087), Guangxi Medical University Training Program for Distinguished Young Scholars (2017), Medical Excellence Award Funded by the Creative Research Development Grant from the First Affiliated Hospital of Guangxi Medical University(2016), Guangxi Medical High-level Talents Training Program, Innovation team of the First Affiliated Hospital of Guangxi Medical University.



Acknowledgments

The authors thank the contributors of TCGA for sharing the LUAD data on open access.



Abbreviations

2D-RT, two-dimensional radiotherapy; ACT, adjuvant chemotherapy; CCRT, concurrent chemoradiotherapy; CR, complete response; CTV1, high-risk clinical target volume; CTV2, low-risk clinical target volume and lymphatic drainage region of the neck; DMFS, distant metastasis-free survival; GTV, gross tumor volume; IMRT, intensity-modulated radiotherapy; LRFS, local relapse-free survival; MRI, magnetic resonance imaging; NACT, neoadjuvant chemotherapy; NPC, nasopharyngeal carcinoma; OAR, organ at risk; OS, overall survival; PET/CT, positron emission tomography/computed tomography; PTV, planning target volumes; RRFS, regional recurrence-free survival; RTOG, the Radiation Therapy Oncology Group; Vr, Tumor volume with recurrence; Dmin, Minimum radiation dose for patients(min dose); Dmean, mean dose; Dmax, max dose; D95, 95% of the PTV volume received at the minimum dose; V95, 95% of the prescribed dose in the IMRT program wraps the volume of PTV; PGTVnd, Planning target volume of cervical node; PGTVnx, Planning target volume of nasopharyngeal carcinoma



References

1. Kang, M, Zhou, P, Wei, T, Zhao, T, Long, J, Li, G, et al. a New T Staging System for Nasopharyngeal Carcinoma Based on Intensity-Modulated Radiation Therapy: Results From a Prospective Multicentric Clinical Study. Am J Cancer Res (2017) 7:346–56.

2. Zong, J, Lin, S, Lin, J, Tang, L, Chen, B, Zhang, M, et al. Impact of Intensity-Modulated Radiotherapy on Nasopharyngeal Carcinoma: Validation of the 7th Edition AJCC Staging System. Oral Oncol (2015) 51:254–9. doi: 10.1016/j.oraloncology.2014.10.012

3. Kang, M, Long, J, Li, G, Yan, H, Feng, G, Liu, M, et al. a New Staging System for Nasopharyngeal Carcinoma Based on Intensity-Modulated Radiation Therapy: Results of a Prospective Multicentric Clinical Study. Oncotarget (2016) 7:15252–61. doi: 10.18632/oncotarget.7553

4. Zhang, B, Mo, Z, Du, W, Wang, Y, Liu, L, and Wei, Y. Intensity-Modulated Radiation Therapy Versus 2D-RT or 3D-CRT for the Treatment of Nasopharyngeal Carcinoma: A Systematic Review and Meta-Analysis. Oral Oncol (2015) 51:1041–6. doi: 10.1016/j.oraloncology.2015.08.005

5. Haberer-Guillerm, S, Touboul, E, and Huguet, F. Intensity Modulated Radiation Therapy in Nasopharyngeal Carcinoma. Eur Ann Otorhinolaryngol Head Neck Dis (2015) 132:147–51. doi: 10.1016/j.anorl.2014.02.008

6. Kang, M, Tang, B, Li, J, Zhou, Z, Liu, K, Wang, R, et al. Identification of Mipep133 as a Novel Tumor-Suppressor Microprotein Encoded by Mir-34a Pri-Mirna. Mol CANCER (2020) 19:143. doi: 10.1186/s12943-020-01248-9

7. Yi, J-L, Gao, L, Huang, X-D, Li, S-Y, Luo, J-W, Cai, W-M, et al. Nasopharyngeal Carcinoma Treated by Radical Radiotherapy Alone: Ten-Year Experience of a Single Institution. Int J Radiat Oncol Biol Phys (2006) 65:161–8. doi: 10.1016/j.ijrobp.2005.12.003

8. Lee, N, Harris, J, Garden, A-S, Straube, W, Glisson, B, Xia, P, et al. Intensity-Modulated Radiation Therapy With or Without Chemotherapy for Nasopharyngeal Carcinoma: Radiation Therapy Oncology Group Phase II Trial 0225. J Clin Oncol (2009) 27:3684–90. doi: 10.1200/JCO.2008.19.9109

9. Lin, S, Lu, J-J, Han, L, Chen, Q, and Pan, J. Sequential Chemotherapy and Intensity-Modulated Radiation Therapy in the Management of Locoregionally Advanced Nasopharyngeal Carcinoma: Experience of 370 Consecutive Cases. BMC CANCER (2010) 10:39. doi: 10.1186/1471-2407-10-39

10. Wong, F-C, Ng, A-W, Lee, V-H, Lui, C-M, Yuen, K-K, Sze, W-K, et al. Whole-Field Simultaneous Integrated-Boost Intensity-Modulated Radiotherapy for Patients With Nasopharyngeal Carcinoma. Int J Radiat Oncol Biol Phys (2010) 76:138–45. doi: 10.1016/j.ijrobp.2009.01.084

11. Edge, S-B, and Compton, C-C. The American Joint Committee on Cancer: The 7th Edition of the AJCC Cancer Staging Manual and the Future of TNM. Ann Surg Oncol (2010) 17:1471–4. doi: 10.1245/s10434-010-0985-4

12. Grégoire, V, Levendag, P, Ang, K-K, Bernier, J, Braaksma, M, Budach, V, et al. CT-Based Delineation of Lymph Node Levels and Related Ctvs in the Node-Negative Neck: DAHANCA, EORTC, GORTEC, NCIC,RTOG Consensus Guidelines. Radiother Oncol (2003) 69:227–36. doi: 10.1016/j.radonc.2003.09.011

13. Wei, W-I, Ho, W-K, Cheng, AC, Wu, X, Li, GK, Nicholls, J, et al. Management of Extensive Cervical Nodal Metastasis in Nasopharyngeal Carcinoma After Radiotherapy: A Clinicopathological Study. Arch Otolaryngol Head Neck Surg (2001) 127:1457–62. doi: 10.1001/archotol.127.12.1457

14. Kang, M, Zhou, P, Liao, X, Xu, M, and Wang, R. Prognostic Value of Masticatory Muscle Involvement in Nasopharyngeal Carcinoma Patients Treated With Intensity-Modulated Radiation Therapy. Oral Oncol (2017) 75:100–5. doi: 10.1016/j.oraloncology.2017.11.002

15. Grégoire, V, Ang, K, Budach, W, Grau, C, Hamoir, M, and Langendijk, JA. Delineation of the Neck Node Levels for Head and Neck Tumors: A 2013 Update. DAHANCA, EORTC, HKNPCSG, NCIC CTG, NCRI, RTOG, TROG Consensus Guidelines. Radiother Oncol (2014) 110(1):172–81. doi: 10.1016/j.radonc.2013.10.010

16. Zeng, L, Guo, P, Li, J-G, Han, F, Li, Q, Lu, Y, et al. Prognostic Score Models for Survival of Nasopharyngeal Carcinoma Patients Treated With Intensity-Modulated Radiotherapy and Chemotherapy. Oncotarget (2015) 6:39373–83. doi: 10.18632/oncotarget.5781

17. Lee, A-W, Sze, W-M, Au, J-S, Leung, S-F, Leung, T-W, Chua, D-T, et al. Treatment Results for Nasopharyngeal Carcinoma in the Modern Era: The Hong Kong Experience. Int J Radiat Oncol Biol Phys (2005) 61:1107–16. doi: 10.1016/j.ijrobp.2004.07.702

18. Yeh, S-A, Tang, Y, Lui, C-C, Huang, Y-J, and Huang, E-Y. Treatment Outcomes and Late Complications of 849 Patients With Nasopharyngeal Carcinoma Treated With Radiotherapy Alone. Int J Radiat Oncol Biol Phys (2005) 62:672–9. doi: 10.1016/j.ijrobp.2004.11.002

19. Sun, X, Su, S, Chen, C, Han, F, Zhao, C, Xiao, W, et al. Long-Term Outcomes of Intensity-Modulated Radiotherapy for 868 Patients With Nasopharyngeal Carcinoma: An Analysis of Survival and Treatment Toxicities. Radiother Oncol (2014) 110:398–403. doi: 10.1016/j.radonc.2013.10.020

20. Lee, A-W, Foo, W, Law, S-C, Poon, Y-F, Sze, W-M, O, SK, et al. Reirradiation for Recurrent Nasopharyngeal Carcinoma: Factors Affecting the Therapeutic Ratio and Ways for Improvement. Int J Radiat Oncol Biol Phys (1997) 38:43–52. doi: 10.1016/s0360-3016(97)00244-7

21. Li, F-M, Luo, W, and Sun, Y. An Analysis of Locoregional Recurrent Sites in Patients With Nasopharyngeal Carcinoma After Different External Beam Radiotherapy. J Oncol (2006) 12:288–92. doi: 10.3969/j.issn.1671-170X.2006.04.010

22. Li, J-X, Lu, T-X, Huang, Y, Han, F, Chen, C-Y, and Xiao, W-W. Clinical Features of 337 Patients With Recurrent Nasopharyngeal Carcinoma. Chin J Cancer (2010) 29:82–6. doi: 10.5732/cjc.009.10412

23. Kuang, G-Q, Wang, A-Y, Cui, Y, and Chen, L. Analysis on Clinical Factors Related to Distant Metastasis of Nasopharyngeal Cacinorma. Chin J Cancer (2001) 020.007:748–50. doi: 10.3969/j.issn.1000-467X.2001.07.017

24. Teo, P, Yu, P, Lee, W-Y, Leung, S-F, Kwan, W-H, Yu, K-H, et al. Significant Prognosticators After Primary Radiotherapy in 903 Nondisseminated Nasopharyngeal Carcinoma Evaluated by Computer Tomography. Int J Radiat Oncol Biol Phys (1996) 36:291–304. doi: 10.1016/s0360-3016(96)00323-9

25. Chen, S-D, Wang, D-F, Zhu, G-M, and Yao, M-F. Analysis of Ddistant Metastasis After Radiotherapy for Nasopharyngeal Carcinoma. Chin Modern Doctor (2012) 50:32–3. doi: CNKI:SUN:ZDYS.0.2012-28-018

26. Lin, C-F, Li, D-S, Xin, S-B, You, Y-J, and Li, D-R. Model Analysis of Distant Metastasis of Nasopharyngeal Carcinoma After Treatment. Guangdong Med (2014) 35:743–5. doi: 10.13820/j.cnki.gdyx.2014.05.042

27. Wu, L-Z, Wang, L-J, Huang, S-F, Zhang, L-F, He, X, and Zhang, Y-Q. Clinical Analysis on Local Recurrence After IMRT for Nasopharyngeal Carcinoma. J Chin Oncol (2015) 21:179–84. doi: 10.11735/j.issn.1671-170X.2015.03.B004

28. Li, L, Gao, Y-C, Zhu, X-D, Qu, S, Liang, Z-Q, Liang, X, et al. Clinical Outcomes and Dose-Volume Analysis of Local Recurrence After Intensity Modulated Radiation Therapy for Nasopharyngeal Carcinoma Patients. Cancer Res Prev Treat (2014) 2014:353–7. doi: 10.3971/j.issn.1000-8578.2014.04.015

29. Xia, Y-F, Li, M-Z, Huang, B, Chen, J-J, Li, ZQ, and Wang, M-H. Cellular Radiobiological Characteristics of Human Nasopharyngeal Carcinoma Cell Lines. Chin J Cancer (2001) 20:683–7. doi: 10.3321/j.issn:1000-467X.2001.07.002

30. Li, Z-Q, Xia, Y-F, Liu, Q, Liu, X-F, Han, F, Yi, W, et al. Clinical Study on Radiotherapy-Related Typing of Nasopharyngeal Carcinoma. Natl Med J China (2006) 86:3272–6. doi: 10.3760/j:issn:0376-2491.2006.46.008

31. Chao, K-S, Bosch, W-R, Mutic, S, Lewis, J-S, Dehdashti, F, Mintun, M-A, et al. a Novel Approach to Overcome Hypoxic Tumor Resistance: Cu-ATSM-Guided Intensity-Modulated Radiation Therapy. Int J Radiat Oncol Biol Phys (2001) 49:1171–82. doi: 10.1016/s0360-3016(00)01433-4

32. Teo, P, Lee, W-Y, and Yu, P. The Prognostic Significance of Parapharyngeal Tumour Involvement in Nasopharyngeal Carcinoma. Radiother Oncol (1996) 39:209–21. doi: 10.1016/0167-8140(96)01739-2

33. Hsiung, C-Y, Wu, J-M, Wang, C-J, Kuo, S-C, Yeh, S-A, Hsu, H-C, et al. Attenuation of Radiation Dose by the Skull Base Bone in Patients With Nasopharyngeal Carcinoma: Clinical Importance. Radiology (2001) 218:457–63. doi: 10.1148/radiology.218.2.r01fe23457

34. WU, T-T, Ma, L-Q, Qiu, S-F, Zhang, Y, Pan, J-J, Yang, L, et al. Intensity-Modulated Radiotherapy for 69 Locally Recurrent Nasopharyngeal Carcinoma Cases:Analysis of Efficacy and Prognostic Factors. Hn Jornal Onology Rvnon Ramn (2012) 4:233–7. doi: 10.3969/j.issn.1674-5671.2012.03.07

35. Heng, D-M, Wee, J, Fong, K-W, Lian, L-G, Sethi, V-K, Chua, E-T, et al. Prognostic Factors in 677 Patients in Singapore With Nondisseminated Nasopharyngeal Carcinoma. CANCER-AM Cancer Soc (1999) 86:1912–20. doi: 10.1002/(sici)1097-0142(19991115)86:10<1912::aid-cncr6>3.3.co;2-j

36. Yi, W, Liu, X-M, Xia, Y-F, Liu, Q, and Li, J-T. Influence of Level-Ib Lymphadenopathy on the Prognosis of Nasopharyngeal Carcinoma. Chin J CANCER (2010) 29:87–93. doi: 10.5732/cjc.009.10202

37. Tang, L-L, Liu, L-Z, Ma, J, Zong, J-F, Huang, Y, Lin, A-H, et al. the Role of Retropharyngeal Lymph Node Metastasis in Staging of Nasopharyngeal Carcinoma. Chin J Cancer (2006) 25:129–35. doi: 10.3321/j.issn:1000-467X.2006.02.001

38. Gao, Y-S, Xu, T-T, He, X-Y, and Ying, H-M. Maximal Diameter of Lymph Node Is Not a Prognostic Factor for Early Stage Nasopharyngeal Carcinoma Treated by Radiotherapy Alone. China Oncol (2012) 10:761–5. doi: 10.3969/j.issn.1007-3969.2012.10.008

39. Lee, N, Xia, P, Fischbein, N-J, Akazawa, P, Akazawa, C, and Quivey, J-M. Intensity-Modulated Radiation Therapy for Head-and-Neck Cancer: The UCSF Experience Focusing on Target Volume Delineation. Int J Radiat Oncol Biol Phys (2003) 57:49–60. doi: 10.1016/s0360-3016(03)00405-x

40. Wang, X-S, Hu, C-S, and Ying, H-M. Patterns of Lymph Node Metastases From Nasopharyngeal Carcinoma: An Analysis of 3100 Patients Based on MRI. Chin J Radiat Oncol (2014) 23:331–5.

41. Zhang, N, Liang, S-B, Deng, Y-M, Lu, R-L, Chen, H-Y, Zhao, H, et al. Primary Tumor Regression Speed After Radiotherapy and Its Prognostic Significance in Nasopharyngeal Carcinoma: A Retrospective Study. BMC Cancer (2014) 14:136. doi: 10.1186/1471-2407-14-136

42. Lin, G-W, Wang, L-X, Ji, M, and Qian, H-Z. The Use of MR Imaging to Detect Residual Versus Recurrent Nasopharyngeal Carcinoma Following Treatment With Radiation Therapy. Eur J Radiol (2013) 82:2240–6. doi: 10.1016/j.ejrad.2013.09.014

43. Xia, L-P, Guo, G-F, and Qiu, H-J. The Regularities of Distribution of Lymph Node Residues and Recurrence After Nasopharyngeal Carcinoma Radiotherapy. J Sun Yat-Sen University(Medical Sciences) (2009) 30:199–202. doi: 10.3321/j.issn:1672-3554.2009.z2.057

44. Wang, M-X, Chen, H, and Chen, X-M. The Prognostic Impact of Lymph Node Residues and Recurrence After Nasopharyngeal Carcinoma Radiotherapy. China Arch Otolaryngol Head Neck Surg (2014) 21:457–60. doi: CNKI:SUN:EBYT.0.2014-09-003

45. Liao, Y-T, Tang, Y-Q, Shu, Y-X, and Ao, F. The Prognostic Impact of Residues and Rescue Treatment After Intensity Modulated Radiation Therapy for Nasopharyngeal Carcinoma. Guangdong Med J (2016) 37:1042–5. doi: CNKI:SUN:GAYX.0.2016-07-029

46. Li, J-X, Huang, S-M, Jiang, X-H, Ouyang, B, Han, F, Liu, S, et al. Local Failure Patterns for Patients With Nasopharyngeal Carcinoma After Intensity-Modulated Radiotherapy. Radiat Oncol (London England) (2014) 9:87. doi: 10.1186/1748-717X-9-87




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Chen, Yang, Liao, Lu, Yu, Xu, Bin, Zhou, Yang, Liu, Wang, Zhao and Kang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-693199-g002.jpg
>

1

Distant metastasis-free survival(%)

00

50

no N residues 430

N residues

time(months)

P=0.007
0 20 40
401 352
128 108 85

60

153
23

80

100

— noNresidues 100

— Nresidues

50

Distant metastasis-free survival(%)

upper cervical

lower cervical

P<0.001
0 20
519 448
39 30

40

time(months)

404
25

141
7

80

£
s
— upper cervical § — s3months
— lowercervical g — 36 months
2 — 26 months
@
é S3months 38 months
g 3-6 months 0.080
E :months 0005 0.400
§ 0 20 40 60 80 100
100 a time(months)
53 months % 87 78 15 3 [
0 36months 20 18 16 4 1 0o

0 26months 12 9 8 3 0 0





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Failure Patterns of Recurrence and Metastasis After Intensity-Modulated Radiotherapy in Patients With Nasopharyngeal Carcinoma: Results of a Multicentric Clinical Study

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Material and Methods

        

          		

            Patients

          



          		

            Clinical Staging

          



          		

            Diagnostic Criteria for Distant Metastasis and Local and Regional Recurrences After Radiotherapy

          



          		

            Treatment

          



          		

            Follow-Up

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient Demographics

          



          		

            Clinical Treatment Outcome

          



          		

            Univariate Analysis of the Effect of General Clinical Factors on DMFS and RRFS

          



          		

            Relationship of Recurrence Rates and Metastasis Rates With Clinical Stages

          



          		

            Univariate Analysis of the Effect of N Staging and Cervical Lymphatic Residue on Distant Metastasis

          



          		

            Multivariate Analysis

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2021.693199_cover.jpg
’ frontiers
in Oncology

Failure Patterns of Recurrence and
Metastasis After Intensity-Modulated
Radiotherapy in Patients With
Nasopharyngeal Carcinoma: Results
of a Multicentric Clinical Study





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Factor Number Five-year DMFS (%) X2 P value Five-year RRFS (%) X2 P value

Clinical - < 1.710 0.635 = 8.829 0.066

stage
| 16 93.8 == = 95.5 = =
I 84 87.2 - - 93.3 - -
n 309 84.9 - - 91.9 - -
\% 236 775 - - 85.9 - -

T stage = o 0.587 0.899 - 3.631 0.304
™ Gl 92.6 = - 96.8 = =
T2 130 83.5 = = 96.6 = =
T3 262 84.6 s = 89.5 - -
T4 212 78.0 = £ 85.3 = =

N stage = = 16.517 0.001* = 0.515 0.916
NO 87 93.1 - - 88.9 - -
N1 224 87.4 o b 86.5 = =
N2 289 78.8 = = 84.6 = =
N3 45 64.7 - = 85.8 = =

DMFS, distant metastasis-free survival: RRFS, regional recurrence-free survival. *Statistically significant.





OEBPS/Images/table4.jpg
Factor Number Five-year DMFS (%) X2 P value
Unilateral or bilateral = = 0.439 0.507
Unilateral 89 86.0 N =
Bilateral 39 81.5 = -
Number of residual lymph node - - 0.359 0.459
<8 108 89.7 - -
>3 20 83.7 - -
Size of residual lymph node (cm) = = 13.952 0.000*
<1 95 91.1 = -
>1 33 65.9 = =
Region/area of residual lesion - - 0.339 0.560

b 2 100 0.339 0.560
[ 104 86.1 1.347 0.246
n 10 80.0 0.172 0.678
Vila(RP) 21 89.5 0.420 0.517
Complete response time(months) - - 9.765 0.008*
<3 96 90.3 = =
>3-<6 20 68.2 = =
>6 12 66.7 = =

*Statistically significant.





OEBPS/Images/table3.jpg
Factor Number Five-year DMFS (%) x2 P value
Unilateral 235 86.7 1.698 0.183
Bilateral 323 82.8 = =
Lymph node size - - 21.532 0.000*
<3cm 322 83.9 = -
3cm-6cm 208 77.0 . =
>6cm 28 54.7 = =
Necrosis = o= 1.669 0.196
Yes 383 78.5 = e
No 175 83.7 = =
Skip metastasis - - 2.279 0.131
No 544 825 = -
Yes 14 66.7 > =
Lymph node Region/Area - - 24.347 0.000*
Upper cervical 519 82.2 - -
Lower cervical IVa/IVb/Vb/Nc 39 55.5 = s
Extracapsular spread = = 0.009 0.925
No 312 82.1 o -
Yes 246 82.3 - =

*Statistically significant.





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-693199-g001.jpg
LRFS: 90.1%

2 © <

c ° °
481 [EAIAINS 90.4+90U3N23) 8307

R
o
S
®
@
o

Time (months)

Time (months)

1.0

DMFS: 82.2%

© < &

°© © © ©
e [EAIAINS S0 SISTISEIW UEISIQ

X
<
<
(2]
7
LL
[
[

@ Q < N

S S c
281 [EAAINS 80UBLNYAI [euoiBay

)

Time (months)

gur

Time (months)





OEBPS/Images/table1.jpg
Factor Number Five-year DMFS (%) X2 P value Five-year RRFS (%) x? P value
Age - = 0.568 0.451 = 2.202 0.138
<46 315 83.9 = = 94.7 = =
246 330 81.7 = = 91.7 = -
sex - - 0.170 0.680 - 1.15 0.284
Male 478 82.8 - = 91.4 = =
Female 167 81.4 - - 88.6 - =
Pathological types - - 0.061 0.805 0.000 0.999
WHO [ Il 54 86.6 = - 93.2 = =
WHO Il 591 824 = - 93.2 = =
Chemotherapy 0.349 0.555 2.323 0.127
No 132 81.0 = - 98.2 &= =
Yes 513 83.3 25 = 9R.7 - o=
Dose for primary lesion target(cGy) - - 2,523 0.112 - 1.054 0.305
<7125 315 835 = = 921 = =
>7125 330 87.8 - = 94.4 = =
Dose for lymph node target(cGy) - - 2.295 0.130 - 0.009 0.923
<6820.5 326 87.7 = - 93.1 - w

> 6820.5 319 83.6 = = 93.4 5= =
Residue at the end of radiotherapy - - - - - - -

T residue 211 80.8 3.120 0.084 89.0 2.870 0.1058
N residue 118 78.9 7.298 0.007* 88.9 2.013 0.114

DMFS, distant metastasis-free survival: RRFS, regional recurrence-free survival. *Statistically significant.





OEBPS/Images/table5.jpg
Factor

N staging (NO-1 vs N2-3)

N residues at the end of radiotherapy

Lymph node size(<3cm vs 3-6cm vs >6cm)

Region of Lymph node (upper vs lower cervical)

Size of residual lymphatic at the end of radiotherapy(>1cm vs <1cm)

Complete response time of residual lymphatic node (<3 months vs 3-6 months vs =6 months)

5-year DMFS

P value

0.000*
0.027*
0.002*
0.016*
0.005*
0.001*

HR(95% CI)

1.920 (1.543-2.389)
1.648 (1.059-2.565)
1.680 (1.203-2.374)
1.994 (1.135-3.501)
3.808 (1.501-9.636)
2.952 (1.583-5.508)

*Statistically significant.





