

[image: Cover]



Original Research

Treatment outcomes of Epstein-Barr virus-associated nasopharyngeal carcinoma

Santhuri Viranna1,2,*,[image: symbol], Hue-Tsi Wu3,[image: symbol] and Sameera Dalvie1,2,[image: symbol]

1Department of Radiation Oncology, Faculty of Health Sciences, University of Cape Town, South Africa; 2Department of Radiation Oncology, Faculty of Radiation Medicine, Groote Schuur Hospital, Cape Town, South Africa; 3Department of Histopathology, Pathcare, Cape Town, South Africa

Abstract

Background: Data on treatment outcomes of Epstein-Barr virus (EBV) associated nasopharyngeal carcinoma (NPC) largely comes from endemic regions. There is limited literature regarding the epidemiology and treatment outcomes of EBV-associated NPC in South Africa.

Aim: The aim of the study was to compare overall survival (OS) of EBV positive and EBV negative NPC patients.

Setting: Groote Schuur Hospital, South Africa.

Methods: Data were collected on all patients with histologically confirmed NPC over an 11-year period, including prevalence of EBV, OS, disease-free survival (DFS), loco-regional control (LRC), and impact of treatment interruptions on OS.

Results: There were 53 patients in total. Non-keratinising carcinoma was the primary histological subtype (86.8%). The majority of patients had EBV positive NPC (47.2%). The 2- and 5-year OS of EBV positive patients treated with curative intent were significantly higher than EBV negative patients, 84.0% versus 34.0% and 45.0% versus 17.0%, respectively (hazard ratio [HR] 0.25, 95% confidence interval [CI]: 0.10–0.63, p = 0.002). Two-year DFS was 55.0% versus 43.0% (HR: 0.59, 95% CI: 0.18–1.98, p = 0.38) and 2-year LRC were 76.2% versus 46.2% (HR: 0.40, 95% CI: 0.12–1.36, p = 0.13) for EBV positive and EBV negative patients respectively.

Conclusion: Treatment of EBV-associated NPC is associated with superior OS compared to EBV negative tumours.

Contribution: Epstein-Barr virus was found to be a significant prognostic factor associated with superior OS compared to EBV negative NPC. These findings correlate with literature from endemic and non-endemic regions.
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Introduction

Nasopharyngeal carcinoma (NPC) is a rare malignancy in most parts of the world with incidence rates of less than 1 per 100 000 people in non-endemic regions.1 Endemic regions include Southern China and Hong Kong, with incidence rates of more than 20 cases per 100 000 reported.2 The incidence of NPC in southern sub-Saharan Africa is low (0.57 per 100 000 people) compared to endemic regions.3 The unbalanced global distribution of NPC may be due to race, Epstein-Barr virus (EBV) infection, diet, smoking and alcohol consumption. In South Africa, NPC is rare with a 5-year prevalence of 0.88 cases per 100 000 according to GLOBOCAN 2020 statistics.4 The incidence of NPC is two to threefold higher in males than females, and displays a bimodal age distribution in non-endemic areas.5

The specific geographical distribution of NPC is reflective of its complex aetiology which includes viral, environmental, and genetic factors. Epstein-Barr virus infection plays a critical role in the pathogenesis of NPC, and there is an evolving interest in EBV-associated NPC as a prognostic biomarker.6 Studies document superior outcomes in terms of survival and local control for patients with EBV-associated carcinomas.7,8 The World Health Organization’s (WHO) classification of NPC encompasses three histological subtypes: keratinising squamous carcinoma (1978 WHO classification type I), non-keratinising carcinoma, and basaloid carcinoma.9,10 Non-keratinising carcinoma is further subdivided into differentiated (WHO type II) and undifferentiated tumours (WHO type III). Epstein-Barr virus is invariably associated with the non-keratinising carcinoma subtype seen in both endemic and non-endemic regions.11

Concurrent chemoradiation (CCRT) is the standard of care for locally advanced disease, but treatment may include induction chemotherapy prior to CCRT or adjuvant chemotherapy following CCRT.12 Intensity modulated RT (IMRT) is the preferred radiotherapy (RT) technique for the treatment of NPC because of distinct dosimetric advantages over 3D conformal RT (3D-CRT), including superior tumour coverage and greater sparing of organs at risk.13 Despite these technological advantages, the clinical benefit of IMRT on local control, survival and reducing long term toxicity compared to 3D-CRT is still being investigated.14 In many developing countries, access and training to advanced techniques such as IMRT are limited and 3D-CRT remains the main RT technique available.

There is a dearth of literature regarding the prevalence of EBV-positive NPC in South Africa, and information regarding the prevalence from non-endemic regions comes mainly from retrospective studies. In a study from Mexico investigating non-endemic NPC over a 10-year period, the rate of EBV positivity was 92%.15 In a retrospective study from Pakistan evaluating 100 cases of NPC, 92 cases of non-keratinising carcinoma were found over a 3-year period, of which 81.5% were EBV positive.16 Only one study evaluating EBV strain characterisation in South African patients with NPC found a strong association of 82% between EBV positivity and NPC.17 There is a paucity of data for South Africa regarding the epidemiology, prevalence, and outcomes of EBV-associated NPC. Evaluating the distribution of EBV across various histological subtypes and stages is important to further understand the disease in our population. We aimed to compare survival outcomes between EBV positive and EBV negative NPC patients. Furthermore, we aimed to establish whether our patients have similar EBV prevalence and tumour characteristics to available international data.

Methods

Study aims and objectives

The aim of the study was to determine treatment outcomes of EBV-associated NPC patients treated at Groote Schuur Hospital (GSH) between 2003 and 2013.

The primary objective was to determine the 2- and 5-year overall survival (OS) of patients with EBV-associated NPC compared to EBV negative NPC treated at GSH. Secondary objectives were to determine disease-free survival (DFS), loco-regional control rates (LRCR), prevalence of EBV-associated NPC, and impact of treatment interruptions on treatment outcomes.

Study population

The records of all new patients who presented with NPC to the oncology clinic at GSH between January 2003 and December 2013 were reviewed. Only patients with histologically confirmed NPC, patients treated with radical and palliative intent, including patients younger than 18 years of age, and human immunodeficiency virus (HIV)-positive patients were included. Patients treated at an institution other than GSH were excluded. Palliative patients were included in the study to determine OS and prevalence of EBV-associated NPC treated at GSH. A total of 57 folders were retrieved during the study period; however, four patients were excluded, one patient was treated at another institution and three patients demised before receiving any treatment. The remaining 53 patients were eligible for review.

Scientific design

This was a retrospective observational study.

Data collection methods

Patient demographics, histology, staging, treatment, and follow up data were collected. Epstein-Barr virus staining using EBV-encoded RNA (EBER) in-situ hybridisation (ISH) was documented from pathology reports or requested from available archived specimens. Pre-treatment evaluation included history and examination, indirect laryngoscopy, chest X-ray, computed tomography (CT), magnetic resonance imaging (MRI), bone scan or fluorodeoxyglucose (FDG)-positron emission tomography (PET). As the staging system for NPC changed during the study period, all tumours were staged using the American Joint Committee on Cancer (AJCC) 8th edition 2017 Tumour Node Metastasis (TNM) staging system. Assessment of response to treatment was based on imaging or clinical assessment 3 months after completion of therapy as documented in the patient’s folder. Thereafter, patients were assessed clinically for recurrence and metastatic disease. Relapse was documented based on clinical examination, biopsy proven recurrence or imaging.

Treatment

All patients were reviewed at the multidisciplinary team clinic to determine the treatment intent and management plan. Radiotherapy was the sole modality of treatment for stage I disease. Locally advanced disease was treated with either induction chemotherapy followed by chemoradiation, chemoradiation alone or radiotherapy alone. Induction chemotherapy included a platinum agent, namely cisplatin or carboplatin depending on renal function, and 5 fluorouracil (5FU) chemotherapy. All radical patients were treated using 3D-CRT. All patients were setup and immobilised in a custom-made thermoplastic mask. The radiotherapy prescription ranged between 60 Gy and 70 Gy to the gross tumour and 50 Gy to the prophylactic nodal areas. The patients were assessed with imaging 3 months after completing treatment and thereafter assessed clinically for locoregional recurrence and metastatic disease at 3 monthly to 6 monthly intervals. Radiology was used only for symptomatic patients and not routinely during follow up.

Palliative patients were treated with either palliative radiation, chemotherapy, or supportive care. The dose of palliative radiation ranged between 20 Gy and 36 Gy using hypo-fractionated regimens.

Statistical analysis

In view of the rarity of NPC, an 11-year study period was chosen to accrue enough participants to meet the study objectives. The data collected were stored in the REDCap (Research Electronic Data Capture) database and was used to analyse variables relevant to the study. Statistical Package for the Social Sciences (SPSS) version 27 (SPSS, Chicago, Illinois, United States) software was used for descriptive and inferential statistics to analyse the data.

Kaplan-Meier survival analysis was used to determine OS (defined as time from starting treatment until the date of death or last follow up), DFS (defined as time from end of treatment until the date of relapse at any site) and LRCR (defined as time from end of treatment until locoregional relapse). To compare groups, the log-rank test was used and p-values ≤ 0.05 were considered statistically significant. The Cox regression model was used to determine hazard ratios (HRs). The Chi-square test was used to determine the association between 2-year local control and EBV status. Only univariate analysis was performed because of small number of subjects.

Ethical considerations

The Human Research Ethics Committee of the University of Cape Town approved the proposed study with reference number HREC REF 671/2018. Informed consent was not required as this was a retrospective review of medical records only. All collected data was stored on a password protected laptop.

Results

Patient characteristics

A total number of 53 patients were eligible for the study (Figure 1). The demographic data of the study population is included in Table 1. Forty-one (77.4%) patients were treated with curative intent and 12 (22.6%) were treated palliatively. Forty (75.5%) patients presented with locally advanced disease (stage III-IVA). Only six (11.3%) patients had metastatic disease at presentation. The median age was 43 years (range 11–87 years). The age-distribution for both sexes showed a peak between the ages of 40 years and 59 years, which accounts for 41.5% of cases. Twelve (22.6%) patients were younger than 25 years of age. A male predominance of patients was observed – 42 males (79.2%) versus 11 females (20.8%). Most patients (66%) had a good Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 1. Thirty-six (67.9%) patients were smokers at presentation. Seven patients (13.2%) were HIV-positive at diagnosis. Four (57.1%) of the HIV-positive patients were treated with curative intent and three were treated palliatively. Only one patient that was HIV-positive had metastatic disease at presentation.
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Non-keratinising carcinoma was the predominant histological subtype in 46 patients (86.8%). Keratinising carcinoma accounted for 11.3% of cases, and 1.9% of cases were basaloid carcinoma. Of the 44 patients whose EBV statuses were known, 25 patients (56.8%) were EBV associated versus 19 patients (43.2%) who were EBV negative. Non-keratinising carcinomas had the highest rate of EBV positivity (92%) compared to other histological subtypes as displayed in Table 2.
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Treatment

At presentation, the most common imaging modalities used included CT (94.3%) and bone scan (54.7%). Magnetic resonance imaging was used in 20.8% of cases and only 18.9% of patients had FDG-PET imaging.

Patients deemed fit for curative treatment (41 patients) received either induction chemotherapy followed by CCRT, CCRT alone or RT alone. The most common treatment modality used was induction chemotherapy followed by CCRT (90%). Two patients did not receive CCRT after induction chemotherapy because of defaulting treatment. Most patients (39 patients, 95.1%) received between one and four cycles of induction chemotherapy with a dual-drug regimen of cisplatin or carboplatin and 5FU. Only one patient was treated with CCRT alone and one other patient received RT alone. The chemotherapy regimens used concurrently with RT included carboplatin area under the curve (AUC) 5 given 3-weekly, cisplatin 75 mg/m2 – 100 mg/m2 3-weekly or weekly carboplatin AUC 2. The average number of concurrent chemotherapy cycles received was 3 (range 1–7 cycles).

Thirty-two (78%) patients experienced radiotherapy and/or chemotherapy treatment interruptions during their planned course of radical treatment. Four patients demised during treatment. One patient died of a traumatic event after receiving 13 fractions of RT. Another patient died of pneumonia during RT. Two patients demised from treatment toxicity, one developed electrolyte abnormalities after the first cycle of induction chemotherapy and died shortly thereafter, and another died after developing grade 3 dysphagia and trismus.

Twenty-four patients experienced RT interruptions, with the average length of RT delays being 9.1 days (range 2–19 days). Data on radiotherapy treatment interruptions are shown in Figure 2. The most common reasons for radiotherapy interruptions were treatment toxicity (37.5%) followed by linear accelerator (LINAC) related issues (33.3%). The average dose of radical RT received was 59.4 Gy (range 6.3 Gy – 70 Gy). The reasons for patients receiving a lower RT dose than prescribed included treatment interruptions because of treatment toxicity (36.4%), machine breakdown (27.3%), non-cancer related deaths (18.2%), and patients defaulting treatment (18.2%). In terms of patients that received chemotherapy, nine patients experienced treatment toxicity. Neutropenia was the most common reason chemotherapy was delayed.
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Treatment modalities used in the palliative setting included palliative radiotherapy, palliative chemotherapy, and supportive care. Seven patients received palliative RT. Three hypo fractionated regimens were used to deliver palliative RT, namely, 20 Gy in 5 fractions (42.9%), 30 Gy in 10 fractions (28.6%), and 36 Gy in 12 fractions (28.6%). Seven patients received palliative chemotherapy using a platinum agent with 5FU.

Treatment outcomes

In terms of the primary endpoint, 2-and 5-year OS after curative treatment of EBV positive and EBV negative patients were 84% versus 34% and 45% versus 17%, respectively (HR: 0.25, 95% confidence interval [CI]: 0.10–0.63, p = 0.002). The mean OS of radically treated EBV positive patients was 1582 days compared to 661 days in EBV negative patients (Figure 3). This significant survival benefit in EBV-associated NPC was demonstrated irrespective of treatment intent in the entire study population, with 2-year OS of 52% versus 21.1% (HR: 0.25, 95% CI: 0.11–0.55, p < 0.001) for EBV positive and EBV negative patients, respectively.
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The median OS time of all patients included in the study from the start of treatment was 1088 days (95% CI: 505.47 to 1670.53). The cumulative OS 2 years after treatment was 63% and 37% at 5 years. The median survival time of radically treated patients was 1671 days compared to 231 days for palliative patients.

The cumulative 2- and 5-year DFS of EBV-associated NPC compared to EBV negative cases was 55% and 43%, respectively (Figure 4). Disease-free survival of EBV positive patients was 12% higher than EBV negative patients, but was not found to be statistically significant (HR: 0.59, 95% CI: 0.18–1.98, p = 0.38).
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Two-year LRCR were 76.2% and 46.2% for EBV positive and EBV negative patients, respectively; but was not found to be statistically significant (p = 0.13). The pattern of relapse between the two groups of patients were found to be similar, with EBV positive patients found to have 4% higher loco-regional relapse (LRR) and distant relapse (Table 3). The median DFS time of EBV negative patients with LRR was 219 days compared to 300 days for EBV positive radical patients. The log rank test showed that the difference in DFS in patients with LRR was not statistically significant (p = 0.46) according to the EBV status. Two patients received salvage therapy after LRR. One patient with EBV-associated NPC underwent a salvage neck dissection within 4 months of completing initial treatment. The second patient, whose EBV status was unknown, was re-irradiated to 50 Gy for local relapse.
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Predictive factors for overall survival

On univariate analysis in radically treated patients, statistically significant predictive factors for OS included EBV status, histological subtype, smoking status, and HIV status (Table 4).
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The mean OS of radically treated patients with treatment interruptions was lower (1249 days) compared to patients without treatment interruptions (1440 days). The impact of treatment interruptions on OS, however, was not found to be statistically significant (p = 1.28).

Patients with non-keratinising carcinomas had the longest OS compared to other histological subtypes (Figure 5). Patients that were smokers at presentation had significantly inferior OS compared to non-smokers (p = 0.003). The 2-year OS for smokers versus non-smokers was 62% and 91%, respectively (Figure 6).
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Human immunodeficiency virus-positive patients had significantly higher OS compared to HIV negative patients (Figure 7). Of the seven HIV-positive patients, four (57.1%) were treated with radical intent. Most of the HIV-positive patients had non-keratinising histology (85.7%) and were EBV associated.
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In terms of 2-year survival according to stage of disease, patients with stage II disease had the highest rates of survival (80%). Stage IVA patients had the lowest survival (40.6%) overall. Stage I, III and IVB had equivalent survival rates of 50%. Two patients had stage 1 disease at presentation. One patient demised from pneumonia while on treatment, while the other patient had a complete response to treatment.

Discussion

The majority of data regarding treatment outcomes of NPC comes from regions where the disease is endemic, including Southern China and Hong Kong.2 Literature from non-endemic regions is mainly limited to retrospective studies from single institutions. The aim of this study focussed on determining treatment outcomes and prevalence of EBV-associated NPC at GSH. 3D conformal RT (3D-CRT) was the treatment technique used to treat all radical patients in this study. To date, no similar studies have been carried out in South Africa comparing OS of EBV-associated NPC with EBV negative tumours.

From our study, the median OS after radical treatment was approximately 2.5 years longer in EBV positive patients compared to EBV negative patients (1582 days vs. 661 days). Two-year and 5-year OS was approximately 40% higher in this group of patients (p = 0.002), irrespective of treatment intent. In addition to a significant OS benefit, a trend for improved 2-year DFS ad LRCR was observed for EBV positive tumours, although not statistically significant. Firm conclusions cannot be drawn from this observation because of the study’s limited numbers and inconsistent methods used for following up patients, but these differences may have been significant with a larger patient cohort. Despite this, we found that EBV associated patients had higher rates of loco-regional control and distant relapses compared to EBV negative patients, which is in keeping with other studies.8,18 These findings are extremely valuable in a resource constrained environment and suggest that EBV associated tumours should be prioritised in terms of resource allocation in view of superior outcomes.

Treatment delays in radiation and chemotherapy are known to have an adverse impact on survival.19 Most patients in our study experienced treatment interruptions (78%), mainly because of treatment toxicity, resulting in a lower average dose of RT than intended. Overall survival was found to be lower in patients with treatment interruptions compared to those without, despite not being statistically significant in this study. The use of IMRT has been shown to have distinct dosimetric advantages over 3D-CRT, including superior tumour coverage and greater sparing of organs at risk.13 Two retrospective studies comparing IMRT and 3D-CRT in NPC did not show any differences in tumour control; however, a third study by Kuang et al. demonstrated that IMRT was associated with a better prognosis and less toxicity.20,21,22 Results of a recent meta-analysis of 13 studies, containing only one randomised controlled trial and one prospective study, indicated that IMRT is associated with improved oncological outcomes compared to conformal RT.14 The findings from this meta-analysis support the use of volumetric modulated arc therapy (VMAT) in the treatment of NPC as a potential way to reduce treatment toxicity, allow dose escalation, and improve outcomes in the future.

The rate of EBV positivity in this study (47.2%) was lower compared to other retrospective studies from non-endemic regions, which ranged from 62% to 92%.15,23 The EBV status of nine patients (17%) were not confirmed in this study and could account for the lower prevalence. Despite this, EBV-associated NPC contributed to a significant proportion of patients in this study and further studies relating to the prevalence of EBV-associated NPC in South Africa should be carried out on a larger scale.

The causal relationship between non-keratinising carcinomas and EBV is well established.10 Non-keratinising carcinomas was the most common histological subtype, accounting for 92% of EBV positive cases in our study, which is comparable to other endemic and non-endemic countries.15,16

The study found a bimodal age distribution similar to other low and intermediate risk populations.5 Two peaks were noted, in patients between 40 years and 59 years and in those under 25 years of age. A male predominance (79.2%) was observed similar to other studies from non-endemic developing countries, such as Pakistan and Tanzania.16,24,25

Most patients in this study presented with locally advanced stage III and IV disease (86.8%). This is similar to the 86.2% of patients with advanced disease from an Ethiopian study,26 and 80% of patients found to have stage IV disease in a study from Tanzania.24 In a middle-income country such as South Africa, late presentation and advanced disease are common because of poor socio-economic status and limited access to healthcare. Data from two retrospective studies conducted at Charlotte Maxeke Academic Hospital in Johannesburg revealed enlarged neck nodes as the most common presenting symptom, with 80% of patients having T4 disease and bone metastases being the most common site of distant metastases.27,28 Advanced disease at presentation is a known adverse prognostic factor in NPC.29 This is in keeping with this study, with patients presenting with stage IVA disease having the lowest 2-year survival rates of 40.6%. The survival data shows that it is reasonable to use induction chemotherapy to reduce bulk of disease, and as a temporising measure in low- and middle-income countries (LMICs) to improve throughput. The effect of smoking was investigated and found to be a significant adverse prognostic factor in this study, with 2-year OS in non-smokers being 91% versus 62% in smokers. These findings are in keeping with the known unfavourable outcomes associated with tobacco smoking during radiotherapy in head and neck cancer.30

There is limited data regarding the impact of HIV status in NPC in the literature. In this study, we observed that an HIV-positive status was a significant favourable prognostic factor for OS. Most of the HIV-positive patients had EBV-associated non-keratinising carcinomas which are known to have superior survival.7,8 No conclusions can be made regarding the prognostic value of HIV status from this study; however, further research on this topic should be encouraged.

The limitations of this study include its retrospective nature and small sample size limited to a single institution with resource constraints. Only 83% of patients had histologically confirmed EBV statuses which could impact the outcomes of the study because of limited numbers. In terms of long term follow up, 17% and 34% of patients were lost to follow up at 2 years and 5 years, respectively, resulting in less accurate survival data. The reasons for poor attendance are not always clear and coupled with insufficient record keeping, these factors limit detailed long term follow up. Only univariate survival analysis was done and therefore groups were not normalised for different prognostic factors as would take place in a multi-variate analysis. A univariate approach was taken to look at each variable individually and to determine the more important predictor, being EBV status in this study. Patients were also assessed clinically for recurrence with limited routine radiological investigations done. The study does not report on long term toxicity such as xerostomia, hearing loss and endocrine dysfunction. Further research on treatment toxicity and outcomes should be conducted on a larger scale, possibly a multicentre study with larger number of subjects.

The findings from this study highlight the prognostic value of EBV status in NPC. Epstein-Barr virus status does not change management according to current treatment guidelines; however, EBV testing should be considered.31 Major issues in our local setting in the management of NPC include late presentation with advanced disease at diagnosis, budget restrictions, and access to imaging. In view of the significantly shorter survival of EBV negative patients found in this study, palliative interventions should be implemented early in locally advanced and metastatic disease. In patients with EBV positive NPC, resources such as PET imaging and aggressive salvage treatments should be prioritised in the setting of relapsed disease, given the significantly better survival outcomes in these patients. These recommendations can be applied to other settings with similar resource limitations. Epstein-Barr virus plasma DNA is an emerging biomarker that is currently being extensively researched.32 Developing a sensitive and accurate biomarker is important for cost effective treatment stratification and post-treatment surveillance, particularly in LMICs which face unique challenges in delivering adequate patient care.

Conclusion

Nasopharyngeal carcinoma is a rare cancer, and its unique pathogenesis is influenced by multiple aetiological factors including EBV infection. Evaluating treatment outcomes from non-endemic regions is essential to optimise tumour treatment and minimise toxicity in the successful management of NPC. In our local setting, EBV-associated NPC was found to be a significant prognostic factor associated with superior OS compared to EBV negative NPC. There was a non-significant trend for EBV-associated patients to have improved DFS and LRCR. This correlates with literature from endemic and non-endemic regions. Additionally, this study provides treatment outcomes from the 3D-CRT era, which is still the main modality used in many LMICs, and can be used to compare outcomes from these regions. According to this study, a significant proportion of patients have EBV-associated NPC and the findings are considered hypotheses generating. Further research should be conducted on a larger scale to improve the body of knowledge on EBV-associated NPC in South Africa.

Acknowledgements

The authors would like to acknowledge and thank the following: Prof. Alistair Hunter assisted with the design of the project and Mrs Melanie de Bruyn assisted with analysis and interpretation of data. This article (78%) stems from a published thesis submitted in partial fulfilment of the requirements for the degree of Masters of Medical Radiation Oncology in the Department of Radiation Oncology, University of Cape Town, South Africa, titled ‘Treatment outcomes of Epstein-Barr virus associated nasopharyngeal carcinoma with three-dimensional conformal radiotherapy: A retrospective review’, with supervisor Dr Sameera Dalvie, received 29 November 2021, available at: https://open.uct.ac.za/bitstream/handle/11427/37029/thesis_hsf_2022_viranna%20santhuri.pdf?sequence=4.

Competing interests

The authors declare that they have no financial or personal relationships that may have inappropriately influenced them in writing this article.

Authors’ contributions

Data collection, analysis and manuscript composition were carried out by S.V. Testing of extra pathology specimens was carried out by H.-T.W. Review, expert consultation and final documentation approval were carried out by S.D.

Funding information

This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

Data availability

Data supporting the findings of this study are available from the corresponding author, S.V., on request.

Disclaimer

The views and opinions expressed in this article are those of the author(s) and are the product of professional research. It does not necessarily reflect the official policy or position of any affiliated institution, funder, agency, or that of the publisher. The author(s) are responsible for this article’s results, findings, and content.

References


	1. 	Tang LL, Chen WQ, Xue WQ, et al. Global trends in incidence and mortality of nasopharyngeal carcinoma. Cancer Lett. 2016;374(1):22–30. https://doi.org/10.1016/j.canlet.2016.01.040

	2. 	Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005;55(2):74–108. https://doi.org/10.3322/canjclin.55.2.74

	3. 	Hu CY, Wang WM, Chu XH, Ren ZH, Lyu J. Global, regional, and national burden of nasopharyngeal carcinoma from 1990 to 2017 – Results from the Global Burden of Disease Study 2017. Head Neck. 2020;42(11):3243–3252. https://doi.org/10.1002/hed.26378

	4. 	GLOBOCAN TGCO. Population fact sheets – South Africa [homepage on the Internet]. Vol. 491. 2020; p. 1–2. [cited March 2021]. Available from: https://gco.iarc.fr/

	5. 	Bray F, Haugen M, Moger TA, Tretli S, Aalen OO, Grotmol T. Age-incidence curves of nasopharyngeal carcinoma worldwide: Bimodality in low-risk populations and aetiologic implications. Cancer Epidemiol Biomarkers Prev. 2008;17(9):2356–2365. https://doi.org/10.1158/1055-9965.EPI-08-0461

	6. 	Li YQ, Khin NS, Chua MLK. The evolution of Epstein-Barr virus detection in nasopharyngeal carcinoma. Cancer Biol Med. 2018;15(1):1–5. https://doi.org/10.20892/j.issn.2095-3941.2017.0176

	7. 	Shi W, Pataki I, MacMillan C, et al. Molecular pathology parameters in human nasopharyngeal carcinoma. Cancer. 2002;94(7):1997–2006. https://doi.org/10.1002/cncr.0679

	8. 	Reddy SP, Raslan WF, Gooneratne S, Kathuria S, Marks JE. Prognostic significance of keratinization in nasopharyngeal carcinoma. Am J Otolaryngol Neck Med Surg. 1995;16(2):103–108. https://doi.org/10.1016/0196-0709(95)90040-3

	9. 	Shanmugaratnam K, Sobin LH. The World Health Organization histological classification of tumours of the upper respiratory tract and ear. A commentary on the second edition. Cancer. 1993;71(8):2689–2697. https://doi.org/10.1002/1097-0142(19930415)71:8<2689::AID-CNCR2820710843>3.0.CO;2-H

	10. 	Chan JKC. Virus-associated neoplasms of the nasopharynx and sinonasal tract: Diagnostic problems. Mod Pathol. 2017;30(s1):S68–S83. https://doi.org/10.1038/modpathol.2016.189

	11. 	Barnes L, Reichart P, Sidransky D, Eveson J. Pathology & genetics head and neck tumours. Lyon: IARC Press; 2005, p. 435.

	12. 	Al-sarraf BM, Leblanc M, Giri PGS, et al. Chemoradiotherapy versus radiotherapy in patients with advanced nasopharyngeal cancer: Phase III randomized Intergroup study 0099. J Clin Oncol. 1998;16(4):1310–1317. https://doi.org/10.1200/JCO.1998.16.4.1310

	13. 	Kam MKM, Chau RMC, Suen J, Choi PHK, Teo PML. Intensity-modulated radiotherapy in nasopharyngeal carcinoma: Dosimetric advantage over conventional plans and feasibility of dose escalation. Int J Radiat Oncol Biol Phys. 2003;56(1):145–157. https://doi.org/10.1016/S0360-3016(03)00075-0

	14. 	Luo MS, Huang GJ, Liu HB, Roviello G. Oncologic outcomes of IMRT versus CRT for nasopharyngeal carcinoma: A meta-analysis. Medicine. 2019;98(24):e15951. https://doi.org/10.1097/MD.0000000000015951

	15. 	Rosales-Pérez S, Cano-Valdez AM, Flores-Balcázar CH, et al. Expression of Epstein-Barr Virus-encoded Latent Membrane Protein (LMP-1), p16 and p53 proteins in nonendemic nasopharyngeal carcinoma (NPC): A clinicopathological study. Arch Med Res. 2014;45(3):229–236. https://doi.org/10.1016/j.arcmed.2014.02.002

	16. 	Umar B, Ahmed R. Nasopharyngeal carcinoma, an analysis of histological subtypes and their association with EBV, a study of 100 cases of Pakistani population. Asian J Med Sci. 2014;5(4):16–20. https://doi.org/10.3126/ajms.v5i4.9592

	17. 	Van Rensburg EJ, Van Heerden WFP, Robson BA, Swart TJP, Engelbrecht S. Epstein-Barr virus strain characterisation in South African patients with nasopharyngeal carcinomas. Anticancer Res. 2000;20(3 B):1953–1957.

	18. 	Peng H, Chen L, Zhang Y, et al. Survival analysis of patients with advanced-stage nasopharyngeal carcinoma according to the Epstein-Barr virus status. Oncotarget. 2016;7(17):24208–24216. https://doi.org/10.18632/oncotarget.8144

	19. 	Kong F, Cai BZ, Chen XZ, Zhang J, Wang YM. Prognostic factors for survival of patients with nasopharyngeal carcinoma following conventional fractionation radiotherapy. Exp Ther Med. 2013;6(1):57–60. https://doi.org/10.3892/etm.2013.1100

	20. 	Fang FM, Chien CY, Tsai WL, et al. Quality of life and survival outcome for patients with nasopharyngeal carcinoma receiving three-dimensional conformal radiotherapy vs. intensity-modulated radiotherapy – A longitudinal study. Int J Radiat Oncol Biol Phys. 2008;72(2):356–364. https://doi.org/10.1016/j.ijrobp.2007.12.054

	21. 	Kuang WL, Zhou Q, Shen LF. Outcomes and prognostic factors of conformal radiotherapy versus intensity-modulated radiotherapy for nasopharyngeal carcinoma. Clin Transl Oncol. 2012;14(10):783–790. https://doi.org/10.1007/s12094-012-0864-5

	22. 	Lee AWM, Ng WT, Chan LLK, et al. Evolution of treatment for nasopharyngeal cancer – Success and setback in the intensity-modulated radiotherapy era. Radiother Oncol. 2014;110(3):377–384. https://doi.org/10.1016/j.radonc.2014.02.003

	23. 	Ruuskanen M, Irjala H, Minn H, et al. Epstein-Barr virus and human papillomaviruses as favorable prognostic factors in nasopharyngeal carcinoma: A nationwide study in Finland. Head Neck. 2019;41(2):349–357. https://doi.org/10.1002/hed.25450

	24. 	Abraham ZS, Massawe ER, Ntunaguzi D, Kahinga AA, Yahaya JJ, Mithe SE. Clinico-pathological profile of nasopharyngeal carcinoma at Muhimbili National Hospital, Dares Salaam, Tanzania. Int J Otorhinolaryngol Head Neck Surg. 2019;5(4):922. https://doi.org/10.18203/issn.2454-5929.ijohns20192705

	25. 	Ruuskanen M, Grenman R, Leivo I, et al. Outcome of nasopharyngeal carcinoma in Finland: A nationwide study. Acta Oncol. 2018;57(2):251–256. https://doi.org/10.1080/0284186X.2017.1346378

	26. 	Beyene ET, Ketema SG, Alebachew AN, Saleh MY, Gebremariam TA. Descriptive epidemiology of nasopharyngeal carcinoma at Tikur Anbessa Hospital, Ethiopia. BMC Cancer. 2021;21(1):1–5. https://doi.org/10.1186/s12885-021-08311-8

	27. 	Sharma V. P3.101. Pattern of practice in nasopharyngeal carcinoma – A retrospective analysis at Charlotte Maxeke Johannesburg Academic Hospital, University of Witwatersrand, Johannesburg, South Africa. Oral Oncol Suppl. 2009;3(1):234. https://doi.org/10.1016/j.oos.2009.06.627

	28. 	Stein M, Ruff P, Drumea K, Bezwoda WR. Undifferentiated nasopharyngeal carcinoma: Pattern of failure – Experience at the Johannesburg Hospital (1989–1994). Oncology. 1997;54(4):348–349. https://doi.org/10.1159/000227715

	29. 	Liu MT, Hsieh CY, Chang TH, Lin JP, Huang CC, Wang AY. Prognostic factors affecting the outcome of nasopharyngeal carcinoma. Jpn J Clin Oncol. 2003;33(10):501–508. https://doi.org/10.1093/jjco/hyg092

	30. 	Chen AM, Chen LM, Vaughan A, et al. Tobacco smoking during radiation therapy for head-and-neck cancer is associated with unfavorable outcome. Int J Radiat Oncol Biol Phys. 2011;79(2):414–419. https://doi.org/10.1016/j.ijrobp.2009.10.050

	31. 	Haddad RI, Hicks WL, Hitchcock YJ, et al. NCCN guidelines Version 1. 2024 head and neck cancers continue NCCN guidelines panel disclosures [homepage on the Internet]. 2023 [cited 2023 Dec 08]. Available from: https://www.nccn.org/home/member-

	32. 	Lee AWM, Lee VHF, Ng WT, et al. A systematic review and recommendations on the use of plasma EBV DNA for nasopharyngeal carcinoma. Eur J Cancer. 2021;153:109–122. https://doi.org/10.1016/j.ejca.2021.05.022



OPS/symbol.jpg
 — .\

\ U





OPS/SAJO-8-279-T4.jpg
TABLE 4: Predictive factors of overall survival.

Log rank (Mantel-Cox) Chi-square ~Significance (p-value)
Test of equality of survival distributions for the ~ 9.831 0.002
different levels of EBV status.

Test of equality of survival distributions for the  13.500 0.004
different levels of Histology.

Test of equality of survival distributions for the ~ 3.233 0521
different levels of Stage.

Test of equality of survival distributions for the ~ 1.089 0.780
different levels of Age at diagnosis.

Test of equality of survival distributions for the ~ 4.397 0.036
different levels of HIV status.

Test of equality of survival distributions for the ~ 0.004 0.949
different levels of Gender.

Test of equality of survival distributions for the ~ 8.684 0.003
different levels of Smoking status.

Test of equality of survival distributions for the ~ 2.320 1.280

different levels of Treatment interruption.

Note: Bold values are statistically significant.
HIV, human immunodeficiency virus; EBV, Epstein-Barr virus.
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TABLE 3: Pattern of relapse according to Epstein-Barr virus status.

EBV status Site of relapse Frequency (n) Percentage (%)

Negative Loco-regional B 154
Distant 2 154
Relapse free 9 69.2

Positive Loco-regional 4 190
Distant 4 190
Relapse free 13 61.9

EBV, Epstein-Barr virus.
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TABLE 2: Histological subtypes according to Epstein-Barr virus status.

Histology EBV positive EBV negative EBV unknown
n % n % n %

Non-keratinising 23 92,0 16 84.2 7 77.8

carcinoma

Keratinising 2 80 3 15.8 1 111

carcinoma

Basaloid 0 - 0 - 1 111

carcinoma

EBV, Epstein-Barr virus.
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TABLE 1: Demographic data of the study population.
Variable n %

Treatment intent

Curative 0 77.4
Palliative 12 226
Gender

Male 42 79.2
Female 1 208
Age (in years)

Mean 43 -
Under 25 12 226
25-39 8 15.1
40-59 22 415
60-69 7 132
>70 4 7.6
Performance status (ECOG)

0 1 19
1 35 66.0
2 7 132
3 7 132
Unknown 3 5.7
HIV status at presentation

Positive 7 132
Negative 29 54.7
Unknown 17 321
smoking status

Smoker 36 67.9
Nonsmoker 14 26.4
Unknown 3 5.7
Stage

| 2 38
1 5 94
11 8 15.1
IVA 32 60.4
VB 6 13
Histology

Keratinising carcinoma 6 13
Non-keratinising carcinoma 46 86.8
Basaloid carcinoma 1 19
EBV status

Negative 19 258
Positive 25 472
Unknown 9 17.0

HIV, human immunodeficiency virus; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative
Oncology Group.
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FIGURE 7: Kaplan-Meier survival curves for overall survival according to HIV
status (p = 0.003).
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FIGURE 6: Kaplan-Meier survival curves for overall survival according to smoking
status (p = 0.003).
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NPC, nasopharyngeal carcinoma; EBV, Epstein-Barr virus.

FIGURE 1: Flowchart of study profile.
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FIGURE 5: Kaplan-Meier survival curve for overall survival according to
histological subtype (p = 0.004).
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FIGURE 4: Kaplan-Meier survival curve for disease-free survival in radically
treated patients according to Epstein-Barr virus status (p = 0.38).





OPS/SAJO-8-279-F3.jpg
Survival functions EBV status
1.0 1 Negative
1 Positive
+ Negative-censored

0.8 + Positive-censored
T
2 06
4
3
a
£ 4
5 0.4
o

0.2

0.0 T T T T T T T T T

L e e T
0 12 24 36 48 60 72 84 96 108120132144156168180192 20

Overall survival (months)

05, overall survival; EBV, Epstein-Barr virus.

FIGURE 3: Kaplan-Meier survival curve for overall survival in radically treated
patients according to Epstein-Barr virus status (p = 0.002).
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FIGURE 2: Bar chart showing reasons for radiotherapy treatment interruptions in radic






