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Purpose

To explore the feasibility of contralateral lower neck sparing radiotherapy for patients with stage N1 nasopharyngeal carcinoma (NPC) by analyzing long-term survival outcomes and late toxicities.



Methods

Data of patients with stage N1 NPC who were treated with contralateral lower neck sparing radiotherapy between January 2013 and December 2015 were analyzed. These patients were all staged by magnetic resonance imaging (MRI), and all received irradiation to the upper neck (levels II, III, and Va) bilaterally along with ipsilateral levels IV and Vb, without irradiation of the contralateral lower neck. Treatment outcomes, regional failure patterns, and late toxicities were examined.



Results

A total of 275 eligible patients with stage N1 NPC were included in the present study. The median follow-up period was 62 months (range, 3–93 months). The 5-year overall survival (OS), distant metastasis-free survival (DMFS), local recurrence-free survival (LRFS), regional recurrence-free survival (RRFS), locoregional recurrence-free survival (LRRFS), and progression-free survival (PFS) rates were 90.5, 91.3, 94.7, 95.3, 91.2, and 81.7%, respectively. A total of 13 patients (4.7%) developed regional recurrence, all of which occurred in the field and not out of the field. Among 254 patients with available data on late toxicities, the most common late toxicity was xerostomia. No late injuries occurred in the carotid arteries, brachial plexus, or spinal cord. In addition to one case (0.4%) of neck fibrosis and three cases (1.2%) of hearing loss, there were no other grade 3–4 late toxicities observed.



Conclusions

Contralateral lower neck sparing radiotherapy would be safe and feasible for patients with stage N1 NPC, with the potential to improve the long-term quality of life of patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is a type of epithelial head and neck tumor with definite geographical distribution characteristics and is especially prevalent in East and Southeast Asia (1). For newly diagnosed non-metastatic NPC, radiotherapy is the standard treatment because of its high radiosensitivity. Given the relatively high incidence of cervical lymph node metastasis in NPC (2, 3), in many research protocols, irradiation of the entire bilateral cervical lymphatic drainage area is thought to be warranted irrespective of the lymph node status (4–7). However, extensive neck irradiation may lead to severe late toxicities such as neck subcutaneous fibrosis, hypothyroidism, and carotid stenosis, thus adversely influencing the quality of life of long-term survivors (8–12). Therefore, it is essential to investigate whether omitting the irradiation of certain neck areas would be feasible.

Many studies (13–17) have focused on the efficacy of prophylactic upper neck radiotherapy in patients with stage N0 NPC or with only retropharyngeal lymph node metastasis. However, studies on whether contralateral lower neck sparing radiotherapy would be safe for patients with stage N1 NPC are still scarce. Our team previously reported a study in which we found that only 1.4% of patients with stage N0–1 NPC experienced out-of-field lymph node recurrence when levels IV and Vb was excluded from the irradiation of node-negative necks (18). Although this study provided some evidence to support the radiotherapy approach of sparing the lower neck, it also had some limitations. First, all patients included were diagnosed and staged using computed tomography (CT). Second, the lower necks (levels IV and Vb) were all treated with conventional radiotherapy rather than intensity-modulated radiotherapy (IMRT). Finally, late toxicities associated with neck irradiation received inadequate attention.

Accordingly, we conducted the present study in which we analyzed the therapeutic outcomes and late sequelae of patients with stage N1 NPC who received IMRT but omitted elective neck irradiation to the contralateral lower neck, in a continuing effort to provide further evidence for the practicability of contralateral lower neck sparing radiotherapy in stage N1 NPC in the IMRT era.



Materials and Methods


Patients

All patients included in this study were treated at Sun Yat-sen University Cancer Center between January 2013 and December 2015. Inclusion criteria were as follows: (1) newly diagnosed and pathologically proven NPC; (2) undergoing magnetic resonance imaging (MRI) scans of the nasopharynx and neck at diagnosis; (3) T1–4N1M0 disease according to the 8th edition of the American Joint Committee on Cancer (AJCC) Staging Manual; (4) no other concomitant malignant tumors; (5) receiving contralateral lower neck sparing radiotherapy with IMRT technique, that is, bilateral upper neck (levels II, III, and Va) along with levels IV and Vb on the side with cervical lymph node involvement were irradiated, while the contralateral lower neck was not irradiated; (6) data of the target delineation were available. Exclusion criteria were as follows: (1) stage N1 patients with retropharyngeal lymph node metastasis only; (2) receiving excisional nodal biopsy or neck dissection before radiotherapy. This study was approved by the Clinical Research Ethics Committee of Sun Yat-sen University Cancer Center.



Pretreatment Evaluations

Pretreatment evaluations were performed for all patients, and they underwent a complete physical examination, routine blood test, biochemical examination, as well as nasopharyngoscopy, MRI scan of the nasopharynx and neck, X-rays or CT scan of the chest, and abdominal ultrasound. Positron emission tomography/computed tomography (PET/CT) was also used when there were clinical indications. All enrolled patients were reclassified under the 8th edition of the AJCC Staging Manual.

The diagnostic criteria for metastatic cervical lymph nodes were as follows: (1) the minimal axial diameter of lymph nodes was ≥11 mm in the jugulodigastric region or ≥10 mm in other neck regions; (2) there was a cluster of three or more borderline lymph nodes; and (3) there was imaging proof of necrosis or extracapsular spread regardless of node size (19). The lateral retropharyngeal lymph nodes were deemed positive only when their minimal axial diameter was ≥5 mm. Any visible median retropharyngeal lymph nodes were considered malignant (20). The classification of neck node levels proposed by the Radiation Therapy Oncology Group (RTOG) was adopted (21).



Radiotherapy

All patients were treated with IMRT once a day for five days a week. The delineation of the target volume was consistent with the International Commission on Radiation Units and Measurements (ICRU) reports 50 and 62 (22). The gross tumor volume (GTV) was determined on the basis of clinical and imaging results, comprising the primary nasopharyngeal tumor (GTVnx) and the lymph nodes involved (GTVnd). The enlarged retropharyngeal lymph node was also included in the GTVnx. The clinical target volume (CTV) included the high-risk clinical target volume (CTV1) and the low-risk clinical target volume (CTV2). CTV1 contained the GTVnx and an added 5–10 mm margin to cover microscopically extended high-risk areas and the entire nasopharynx. CTV2 contained CTV1 as well as an added 5–10 mm margin to cover microscopically extended low-risk areas. In addition, relevant cervical lymph node drainage areas were delineated in CTV2. Of note, for stage N1 patients in this study, bilateral upper neck and ipsilateral levels IV and Vb were included in CTV2, omitting the contralateral lower neck (Figure 1).




Figure 1 | An illustration of contralateral lower neck sparing radiotherapy for a patient with stage N1 nasopharyngeal carcinoma. The blue area indicates the extent of elective neck irradiation, including the bilateral upper neck as well as the ipsilateral lower neck, excluding the lower neck on the contralateral side.



The prescribed doses were: 68–70 Gy in 30–33 fractions to the planning target volume (PTV) of GTVnx, 64–70 Gy in 30–33 fractions to the PTV of GTVnd, 60 Gy in 30–33 fractions to the PTV of CTV1, and 54 Gy in 30–33 fractions to the PTV of CTV2.



Chemotherapy

The modes of chemotherapy used were based on the clinical stage of the tumor. Patients with stage II NPC received concurrent chemotherapy. Patients with stages III and IV NPC received induction chemotherapy plus concurrent chemotherapy or concurrent chemotherapy alone.

Induction chemotherapy was administered before radiotherapy, which included the regimens of docetaxel plus cisplatin and fluorouracil (TPF), docetaxel plus cisplatin (TP), cisplatin plus fluorouracil (PF), and gemcitabine plus cisplatin (GP). The regimens of induction chemotherapy were repeated every 3 weeks for a total of 2 or 3 cycles. During radiotherapy, the regimens of concurrent chemotherapy were performed, including single-agent cisplatin (80–100 mg/m2 every 3 weeks) and single-agent cisplatin (30–40 mg/m2 weekly).



Follow-up

After treatment, patients were followed up every 3 months for the first 2 years, then every 6 months for the next 3–5 years and annually thereafter. Regular follow-up examinations consisted of physical examination, routine blood test, biochemical examination, nasopharyngoscopy, MRI scan of the nasopharynx and neck, X-rays or CT scan of the chest, and abdominal ultrasound.

At each follow-up, late toxicities were assessed based on the toxicity criteria of RTOG (23) and the Common Terminology Criteria for Adverse Events v4.0.



Statistical Analysis

The endpoints of this study were as follows: overall survival (OS), distant metastasis-free survival (DMFS), local recurrence-free survival (LRFS), regional recurrence-free survival (RRFS), locoregional recurrence-free survival (LRRFS), and progression-free survival (PFS). All endpoints were counted from the first day of treatment. OS was defined as the interval from the first day of treatment to the last follow-up or death for any cause; DMFS, to the first occurrence of distant metastasis; LRFS, to the first occurrence of local recurrence; RRFS, to the first occurrence of regional recurrence; LRRFS, to the first occurrence of local or regional recurrence; and PFS, to the first disease progression or death for any reason.

Statistical analysis was conducted using IBM SPSS Statistics version 25.0 (IBM Corp, Armonk, NY). The actuarial rates of the endpoints above were calculated using the Kaplan–Meier method and differences between survival rates were compared using the log-rank test. P values <0.05 were considered as statistically significant.




Results


Patient Clinical Characteristics

In total, 275 eligible patients with stage N1 disease were included in this study (Figure 2). Of the total patients, 182 were male and 93 were female. The median age was 45 years, ranging from 13 to 76 years. Besides, a total of 189 patients (68.7%) in this study exhibited retropharyngeal lymph node metastasis at diagnosis, including 60 patients (21.8%) with contralateral retropharyngeal lymph node metastasis. The detailed clinical characteristics of these patients are summarized in Table 1.




Figure 2 | Flowchart of the patients included in the study.




Table 1 | Characteristics of the 275 patients with stage N1 nasopharyngeal carcinoma treated by contralateral lower neck sparing radiotherapy.



Of the patients included in this study, 246 patients (89.5%) received chemotherapy, including 17 patients (6.2%) receiving induction chemotherapy alone, 135 patients (49.1%) receiving concurrent chemotherapy alone, and 94 patients (34.2%) receiving induction chemotherapy plus concurrent chemotherapy. Among patients with stage II NPC, 80.5% (62/77) received chemotherapy. Among patients with stage III or IV NPC, 92.9% (184/198) received chemotherapy.



Treatment Outcomes

The mean follow-up time was 62 months (range, 3–93 months). Overall, 23 patients (8.4%) developed distant metastases, which was the most common failure pattern. Moreover, 15 cases (5.5%) of local recurrence and 13 cases (4.7%) of regional recurrence were recorded. Table 2 lists the detailed failure modes. By the last follow-up, a total of 28 patients (10.2%) died, with the majority (23/28, 82.1%) ascribed to NPC.


Table 2 | Failure patterns of treatment in the 275 patients with stage N1 nasopharyngeal carcinoma treated by contralateral lower neck sparing radiotherapy.



The 5-year OS, DMFS, LRFS, RRFS, LRRFS, and PFS rates were 90.5, 91.3, 94.7, 95.3, 91.2, and 81.7%, respectively. In addition, there were no significant differences between patients without contralateral retropharyngeal lymph node metastasis and those with contralateral retropharyngeal lymph node metastasis in the 5-year RRFS (94.6 vs. 98.2%, P = 0.25).



Patterns of Regional Recurrence

Overall, 13 patients (4.7%) experienced regional recurrence. All cases were in-field regional failure, and none of them had out-of-field regional failure. Table 3 summarizes the patterns of regional recurrence in detail. The sites of regional recurrence were concentrated in levels II and III. No patients experienced regional recurrence in levels IV or V. The median time to regional recurrence was 22 months (range, 14–72 months).


Table 3 | Patterns of regional recurrence of the 275 patients with stage N1 nasopharyngeal carcinoma treated by contralateral lower neck sparing radiotherapy (n = 13).





Late Toxicities

In total, data on late toxicities of 254 patients (92.4%) were available. Most late toxicities were assessed as grade 0 or grade 1, and the most common late toxicity was xerostomia. No late injuries were observed in the carotid arteries, brachial plexus, or spinal cord. Grade 3–4 late toxicities were recorded in one case (1/254, 0.4%) of neck fibrosis and three cases (3/254, 1.2%) of hearing loss. In addition, 70 patients were evaluated for serum thyroid function after IMRT. Of these 70 patients, five cases (5/70, 7.1%) of overt hypothyroidism and 22 cases (22/70, 31.4%) of subclinical hypothyroidism were found.




Discussion

The entire bilateral neck area has long been recommended for irradiation in patients with NPC regardless of the status of nodal metastasis to achieve adequate regional control (4–7). However, it should be noted that this recommendation is based on clinical experience and the results of a few retrospective studies in the era of conventional radiotherapy (24, 25). Moreover, the lymph nodes of most patients were diagnosed by clinical palpation and traditional CT scan in the past, which might lead to missed diagnosis. Currently, modern imaging techniques such as MRI and PET/CT have been essential in the diagnosis and staging of NPC and they have improved the understanding of lymph node diffusion patterns. A study based on 3,100 patients with NPC who underwent MRI showed that NPC follows an orderly lymphatic spread pattern from higher levels to lower levels. The most frequent sites of lymph node metastases were level II (87.4%) and the retropharyngeal area (75.1%), followed by level III (44.2%), level V (37.1%), and level IV (14.1%) (26). In addition, the meta-analysis of Ho et al. (27) demonstrated that skip metastasis of lymph nodes is relatively rare, with an incidence ranging from 0.2 to 7.9%. More importantly, wide-range irradiation of the whole neck could result in dysfunction in surrounding critical organs and tissues and affect the patient’s long-term quality of life (8–12). Therefore, it is logical to question whether radiotherapy covering the entire neck is necessary.

Recently, an increasing number of studies have focused on how to minimize the irradiation range of the neck and improve the quality of life of long-term patients. Some studies have shown that elective irradiation of the bilateral upper neck alone is feasible for patients with stage N0 NPC (13–15) or with only retropharyngeal lymph node metastasis (16, 17). Furthermore, in one of our previous studies (18), the impact of omitting irradiation to levels IV and Vb in node-negative necks was evaluated. In addition to 128 N0 patients, the study included 84 patients with N1 NPC staged by CT. At a median follow-up time of 59 months, only 0.5% of patients experienced lymph node recurrence at the omitted level Vb, and none had lymph node failure at level IV. Hu et al. (28) investigated the treatment efficacy of 52 patients with stage N1 disease who received irradiation of bilateral upper neck and ipsilateral levels IV and Vb but omitted the contralateral lower neck. With a median follow-up time of 29 months, only one patient had regional failure in the irradiated area (level II), whereas no patient developed out-of-field nodal failure. The reported 3-year OS, LRFS, RRFS, and DMFS rates were 92.2, 94.3, 98, and 94.1%, respectively. Although important evidence for the practicability of sparing radiotherapy of the contralateral lower neck was provided by the two studies above, there are also limitations of the relatively small number of patients enrolled and the short follow-up time.

In this study, the data of 275 patients with stage N1 NPC who received contralateral lower neck sparing radiotherapy were analyzed. The 5-year OS, DMFS, LRFS, RRFS, LRRFS, and PFS rates were 90.5, 91.3, 94.7, 95.3, 91.2 and 81.7%, respectively. Of particular note, only 13 cases (4.7%) of cervical lymph node recurrence occurred in the irradiated field and none developed out-of-field nodal recurrence. Compared with the results of other studies (29, 30), our radiotherapy approach did not have a negative effect on regional control nor declined the long-term survival rates of patients. In addition, we found that the presence of contralateral retropharyngeal lymph node metastasis would not impair the regional control of patients who were treated with contralateral lower neck sparing radiotherapy, since there were no significant differences in the 5-year RRFS rates between patients with contralateral retropharyngeal lymph node metastasis and those without contralateral retropharyngeal lymph node metastasis.

Notedly, the incidence of severe late toxicities associated with neck irradiation, including neck fibrosis, hypothyroidism in patients in this study was relatively low when compared with the data of late toxicities in previous studies using bilateral whole neck irradiation (10, 31–34). For example, the incidence of grade 3 neck fibrosis for patients receiving bilateral whole neck irradiation by IMRT was reported to be 4.7% in the study by McDowell et al. (10) and 3.0% in the study by Huang et al. (31), respectively. By contrast, only one patient (0.4%) developed grade 3 neck fibrosis as of the last follow-up in our study. Also, Sommat et al. reported that the 2-year incidence rate of hypothyroidism for patients receiving bilateral whole neck irradiation was 44.5% (32) whereas 38.6% of patients developed hypothyroidism as of the last follow-up in our study. This might be attributed to the fact that omitting the irradiation of the contralateral lower neck could decrease the exposure dose to the neighboring normal organs and tissues, including cervical subcutaneous tissues and thyroids. Although we lacked a control group of whole neck irradiation, our data showed that contralateral lower neck sparing radiotherapy might have the potential to improve the long-term quality of life of patients.

Therefore, based on these findings, it can be considered that omitting elective neck irradiation to the contralateral lower neck for patients with stage N1 NPC was safe and feasible.

There are several limitations of this study that need to be noted. First, since the present study was retrospective, the results might have been affected by bias in the data collection. Second, we lacked a control group in which patients received whole neck irradiation. Third, the chemotherapy regimens used were not completely identical. We expect that large-scale randomized controlled clinical trials will be conducted in the near future to address these issues.



Conclusion

According to our study, the incidence of out-of-field lymph node recurrence was rare when elective neck irradiation of the contralateral lower neck was omitted in patients with stage N1 NPC. Contralateral lower neck sparing radiotherapy would be safe and feasible for patients with stage N1 NPC, with the potential to improve the long-term quality of life of patients.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by the ethics committee of Sun Yat-sen University Cancer Center. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. 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

Study design: CZ, HW, and FH. Data collection: ZS, JW, RH, and XW. Quality control of data: CC and MD. Data analysis and interpretation: ZS, JW, and RH. Manuscript preparation: ZS, JW, and RH. Manuscript editing: HW and FH. All authors contributed to the article and approved the submitted version.



References

1. Chen, Y-P, Chan, ATC, Le, Q-T, Blanchard, P, Sun, Y, Ma, J, et al. Nasopharyngeal carcinoma. Lancet (2019) 394(10192):64–80. doi: 10.1016/S0140-6736(19)30956-0

2. Wang, X, Hu, C, Ying, H, He, X, Zhu, G, Kong, L, et al. Patterns of lymph node metastasis from nasopharyngeal carcinoma based on the 2013 updated consensus guidelines for neck node levels. Radiother Oncol (2015) 115(1):41–5. doi: 10.1016/j.radonc.2015.02.017

3. Tang, L, Mao, Y, Liu, L, Liang, S, Chen, Y, Sun, Y, et al. The volume to be irradiated during selective neck irradiation in nasopharyngeal carcinoma: analysis of the spread patterns in lymph nodes by magnetic resonance imaging. Cancer (2009) 115(3):680–8. doi: 10.1002/cncr.24049

4. Grégoire, V, Levendag, P, Ang, KK, 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(3):227–36. doi: 10.1016/j.radonc.2003.09.011

5. Chao, KS, Wippold, FJ, Ozyigit, G, Tran, BN, and Dempsey, JF. Determination and delineation of nodal target volumes for head-and-neck cancer based on patterns of failure in patients receiving definitive and postoperative IMRT. Int J Radiat Oncol Biol Phys (2002) 53(5):1174–84. doi: 10.1016/S0360-3016(02)02881-X

6. Lee, N, Harris, J, Garden, AS, 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(22):3684–90. doi: 10.1200/JCO.2008.19.9109

7. Lee, NY, Zhang, Q, Pfister, DG, Kim, J, Garden, AS, Mechalakos, J, et al. Addition of bevacizumab to standard chemoradiation for locoregionally advanced nasopharyngeal carcinoma (RTOG 0615): a phase 2 multi-institutional trial. Lancet Oncol (2012) 13(2):172–80. doi: 10.1016/S1470-2045(11)70303-5

8. Wu, YH, Wang, HM, Chen, HH, Lin, CY, Chen, EY, Fan, KH, et al. Hypothyroidism after radiotherapy for nasopharyngeal cancer patients. Int J Radiat Oncol Biol Phys (2010) 76(4):1133–9. doi: 10.1016/j.ijrobp.2009.03.011

9. Fan, CY, Lin, CS, Chao, HL, Huang, WY, Su, YF, Lin, KT, et al. Risk of hypothyroidism among patients with nasopharyngeal carcinoma treated with radiation therapy: A Population-Based Cohort Study. Radiother Oncol (2017) 123(3):394–400. doi: 10.1016/j.radonc.2017.04.025

10. McDowell, LJ, Rock, K, Xu, W, Chan, B, Waldron, J, Lu, L, et al. Long-Term Late Toxicity, Quality of Life, and Emotional Distress in Patients With Nasopharyngeal Carcinoma Treated With Intensity Modulated Radiation Therapy. Int J Radiat Oncol Biol Phys (2018) 102(2):340–52. doi: 10.1016/j.ijrobp.2018.05.060

11. Zheng, Y, Han, F, Xiao, W, Xiang, Y, Lu, L, Deng, X, et al. Analysis of late toxicity in nasopharyngeal carcinoma patients treated with intensity modulated radiation therapy. Radiat Oncol (2015) 10:17. doi: 10.1186/s13014-014-0326-z

12. Liao, W, Zheng, Y, Bi, S, Zhang, B, Xiong, Y, Li, Y, et al. Carotid stenosis prevalence after radiotherapy in nasopharyngeal carcinoma: A meta-analysis. Radiother Oncol (2019) 133:167–75. doi: 10.1016/j.radonc.2018.11.013

13. Li, JG, Yuan, X, Zhang, LL, Tang, YQ, Liu, L, Chen, XD, et al. A randomized clinical trial comparing prophylactic upper versus whole-neck irradiation in the treatment of patients with node-negative nasopharyngeal carcinoma. Cancer (2013) 119(17):3170–6. doi: 10.1002/cncr.28201

14. Zeng, L, Sun, X-M, Chen, C-Y, Han, F, Huang, Y, Xiao, W-W, et al. Comparative study on prophylactic irradiation to the whole neck and to the upper neck for patients with neck lymph node-negative nasopharyngeal carcinoma. Head Neck-J Sci Spec Head Neck (2014) 36(5):687–93. doi: 10.1002/hed.23359

15. Gao, Y, Zhu, G, Lu, J, Ying, H, Kong, L, Wu, Y, et al. Is elective irradiation to the lower neck necessary for N0 nasopharyngeal carcinoma? Int J Radiat Oncol Biol Phys (2010) 77(5):1397–402. doi: 10.1016/j.ijrobp.2009.06.062

16. Ou, X, Shen, C, Kong, L, Wang, X, Ding, J, Gao, Y, et al. Treatment outcome of nasopharyngeal carcinoma with retropharyngeal lymph nodes metastasis only and the feasibility of elective neck irradiation. Oral Oncol (2012) 48(10):1045–50. doi: 10.1016/j.oraloncology.2012.04.011

17. Chen, M, Tang, LL, Sun, Y, Mao, YP, Li, WF, Guo, R, et al. Treatment outcomes and feasibility of partial neck irradiation for patients with nasopharyngeal carcinoma with only retropharyngeal lymph node metastasis after intensity-modulated radiotherapy. Head Neck (2014) 36(4):468–73. doi: 10.1002/hed.23314

18. Chen, J-Z, Quynh-Thu, L, Han, F, Lu, L-X, Huang, S-M, Lin, C-G, et al. Results of a Phase 2 Study Examining the Effects of Omitting Elective Neck Irradiation to Nodal Levels IV and V-b in Patients With N0-1 Nasopharyngeal Carcinoma. Int J Radiat Oncol Biol Phys (2013) 85(4):929–34. doi: 10.1016/j.ijrobp.2012.07.2356

19. van den Brekel, MW, Stel, HV, Castelijns, JA, Nauta, JJ, van der Waal, I, Valk, J, et al. Cervical lymph node metastasis: assessment of radiologic criteria. Radiology (1990) 177(2):379–84. doi: 10.1148/radiology.177.2.2217772

20. Tang, L, Li, L, Mao, Y, Liu, L, Liang, S, Chen, Y, et al. Retropharyngeal lymph node metastasis in nasopharyngeal carcinoma detected by magnetic resonance imaging : prognostic value and staging categories. Cancer (2008) 113(2):347–54. doi: 10.1002/cncr.23555

21. Grégoire, V, Ang, K, Budach, W, Grau, C, Hamoir, M, Langendijk, JA, et al. 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

22. Bethesda. Prescribing, recording and reporting photon beam therapy (Supplement to ICRU Report 50). International Commission on Radiation Units and Measurements (1999)

23. Cox, JD, Stetz, J, and Pajak, TF. Toxicity criteria of the Radiation Therapy Oncology Group (RTOG) and the European Organization for Research and Treatment of Cancer (EORTC). Int J Radiat Oncol Biol Phys (1995) 31(5):1341–6. doi: 10.1016/0360-3016(95)00060-C

24. Lee, AW, Poon, YF, Foo, W, Law, SC, Cheung, FK, Chan, DK, et al. Retrospective analysis of 5037 patients with nasopharyngeal carcinoma treated during 1976-1985: overall survival and patterns of failure. Int J Radiat Oncol Biol Phys (1992) 23(2):261–70. doi: 10.1016/0360-3016(92)90740-9

25. Lee, AW, Sham, JS, Poon, YF, and Ho, JH. Treatment of stage I nasopharyngeal carcinoma: analysis of the patterns of relapse and the results of withholding elective neck irradiation. Int J Radiat Oncol Biol Phys (1989) 17(6):1183–90. doi: 10.1016/0360-3016(89)90524-5

26. Wang, XS, Yan, C, Hu, CS, Ying, HM, He, XY, Zhou, ZR, et al. Study of the medial group retropharyngeal node metastasis from nasopharyngeal carcinoma based on 3100 newly diagnosed cases. Oral Oncol (2014) 50(11):1109–13. doi: 10.1016/j.oraloncology.2014.08.007

27. Ho, FC, Tham, IW, Earnest, A, Lee, KM, and Lu, JJ. Patterns of regional lymph node metastasis of nasopharyngeal carcinoma: a meta-analysis of clinical evidence. BMC Cancer (2012) 12:98. doi: 10.1186/1471-2407-12-98

28. Hu, W, Zhu, G, Guan, X, Wang, X, and Hu, C. The feasibility of omitting irradiation to the contralateral lower neck in stage N1 nasopharyngeal carcinoma patients. Radiat Oncol (2013) 8:230. doi: 10.1186/1748-717X-8-230

29. Chen, J, Ou, D, He, X, and Hu, C. Sparing level Ib lymph nodes by intensity-modulated radiotherapy in the treatment of nasopharyngeal carcinoma. Int J Clin Oncol (2014) 19(6):998–1004. doi: 10.1007/s10147-013-0650-6

30. Yao, JJ, Zhou, GQ, Wang, YQ, Wang, SY, Zhang, WJ, Jin, YN, et al. Prognostic values of the integrated model incorporating the volume of metastatic regional cervical lymph node and pretreatment serum Epstein-Barr virus DNA copy number in predicting distant metastasis in patients with N1 nasopharyngeal carcinoma. Chin J Cancer (2017) 36(1):98. doi: 10.1186/s40880-017-0264-x

31. Huang, TL, Chien, CY, Tsai, WL, Liao, KC, Chou, SY, Lin, HC, et al. Long-term late toxicities and quality of life for survivors of nasopharyngeal carcinoma treated with intensity-modulated radiotherapy versus non-intensity-modulated radiotherapy. Head Neck (2016) 38 Suppl 1:E1026–32. doi: 10.1002/hed.24150

32. Sommat, K, Ong, WS, Hussain, A, Soong, YL, Tan, T, Wee, J, et al. Thyroid V40 Predicts Primary Hypothyroidism After Intensity Modulated Radiation Therapy for Nasopharyngeal Carcinoma. Int J Radiat Oncol Biol Phys (2017) 98(3):574–80. doi: 10.1016/j.ijrobp.2017.03.007

33. Zhai, RP, Kong, FF, Du, CR, Hu, CS, and Ying, HM. Radiation-induced hypothyroidism after IMRT for nasopharyngeal carcinoma: Clinical and dosimetric predictors in a prospective cohort study. Oral Oncol (2017) 68:44–9. doi: 10.1016/j.oraloncology.2017.03.005

34. Tsai, WL, Huang, TL, Liao, KC, Chuang, HC, Lin, YT, Lee, TF, et al. Impact of late toxicities on quality of life for survivors of nasopharyngeal carcinoma. BMC Cancer (2014) 14:856. doi: 10.1186/1471-2407-14-856



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.

Copyright © 2021 Sun, Wang, Huang, Wang, Chen, Deng, Zhao, Wang and Han. 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-11-628919-g001.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Contralateral Lower Neck Sparing Radiotherapy in Stage N1 Nasopharyngeal Carcinoma: Long-Term Survival Outcomes and Late Toxicities

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients

          



          		

            Pretreatment Evaluations

          



          		

            Radiotherapy

          



          		

            Chemotherapy

          



          		

            Follow-up

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient Clinical Characteristics

          



          		

            Treatment Outcomes

          



          		

            Patterns of Regional Recurrence

          



          		

            Late Toxicities

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Pattems of failure.

Local and/or regional recurrence
Local recurrence only

Regional recurence only

Local nd regionl recurtence

Distant metastasis

Distant metastass ony.

Distant metastas's + Local recurrence

Distant metastas's + Regona recurence

Distant metastas's + Local recurrence +Regional recurrence

Mo-BRao





OEBPS/Images/table3.jpg
No.  Sex  Age() Tstage Iniallovelinvolved
1 Femde 51 T Rgntl

2 Femde 42 T Rgnt il

5 mae a Biateral AL, Lot I
s mae & T Lot RN, 1.1

5 Mae a4 0w LeftALN, 1,10

5 Mae 8 0w Lot

7 Mae o T Lot AN, I

5 Mae @ o Rght il

o Femde 47 T Lot

10 femde 45 T Lot RN, 1

"o Mae s T Lol

2 M ® ™ Lot

18 Femde 5 T2 Rgnt il

Regional recurrence site

Aol
Biatoa I, Rght il
Lot

Lot

Lot

Lot

Lt

Ao

Lot

Lottt

Lot

Lt

Ront

Failure pattern

Infled
Infied
Infied
Infied
Infied
Infied
infied
Infied
Infied
Infied
Infied
Infied
Infied

Time to regional recurrence ()

20
18
2
u
1
a9
a0
2
7
)
2
1
£





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc.2021.628919_cover.jpg
’ frontiers
in Oncology

Contralateral Lower Neck
Sparing Radiotherapy in Stage N1
Nasopharyngeal Carcinoma: Long-Term
Survival Outcomes and Late Toxicities





OEBPS/Images/fonc-11-628919-g002.jpg
Patients with newly-diagnosed,
pathologiclly-proven NPC
ctween January 2013 and December 2015
=756

Included (0= 2215)
o, TIANIMO discase

.o ather concomitant malignan umors

. undegoing MRI scans ofthe nasopharyn and
neck at disgnss

4. reciving radiothrapy with IMRT technique
. dotaofthe targetdeination were available

Excluded (o = 1583
pits receiving whol neck dotherapy
o upper neck aditherapy alone

Patens receving
contralteral lower neck
spaing IMRT
0-332)

Excluded (n=57)
. patens with retropharynges ymph
nodes metastassonly (54 cases)

. recivingexcisionsl nodsl biopsy before
radioterspy 3 cases)

Eligible patens
@=275)






OEBPS/Images/table1.jpg
Characteristic

Pathologica type.
Nonkeratinizing squamous cellcarcinoma
Basalod squamous cel carcinoma

T stage
T
]

T3
T

Chematherapy
No
Yes
ICaone
CCT aore
1C+CCT

Ant-EGFR targeted therapy”

No
Yes

No.

182

16-76

274
1

2
E3
135
&

2
245
17
135
o

267
B

. years; C, induction chemotherapy; CCT, concurtent chemotherapy; EGFR, Epidemal

growth factor receptor,

“The anents of anti-EGFR targeted theroy comprised celudmaby and ninoluaumed.





