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Abstract
Background: To summarize the impact of radiotherapy (RT) and chemotherapy delays on patients with 
nasopharyngeal carcinoma (NPC) during the COVID-19 pandemic.

Methods: We retrospectively included 233 patients with stage II-IVa NPC treated with RT and chemotherapy 
between December 11, 2019 and March 11, 2020. The outcomes were elevation in the EBV DNA load between two 
adjacent cycles of chemotherapy or during RT, and 1-year disease-free survival (DFS).

Results: RT delay occurred in 117 (50%) patients, and chemotherapy delay occurred in 220 (94%) patients. RT 
delay of ≥ 6 days was associated with a higher EBV DNA elevation rate (20.4% vs. 3.6%, odds ratio [OR] = 6.93 [95% 
CI = 2.49–19.32], P < 0.001), and worse 1-year DFS (91.2% vs. 97.8%, HR = 3.61 [95% CI = 1.37–9.50], P = 0.006), compared 
with on-schedule RT or delay of < 6 days. Chemotherapy delay of ≥ 10 days was not associated with a higher EBV DNA 
elevation rate (12.5% vs. 6.8%, OR = 1.94 [95% CI = 0.70–5.40], P = 0.20), or worse 1-year DFS (93.8% vs. 97.1%, HR = 3.73 
[95% CI = 0.86–16.14], P = 0.059), compared with delay of < 10 days. Multivariable analyses showed RT delay of ≥ 6 days 
remained an independent adverse factor for both EBV DNA elevation and DFS.
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Background
The COVID-19 pandemic has had a serious impact on 
health care services all over the world. Cancer patients, in 
particular, face the risk of not receiving timely and ade-
quate oncologic care. The reasons for this are restrictions 
on the movement of people as a result of nationwide 
lockdown implemented in many countries, the limited 
health care resources as a result of diversion of resources 
to tackling the pandemic, and patient’s fear of COVID 
that makes them avoid clinics/hospitals. For example, 
the Philippine General Hospital Cancer Institute dis-
continued operations for one week, since the medical 
oncologists were sent to the frontline of the COVID-19 
response [1]. Further, at Zhongnan Hospital in Wuhan, 
China, the mean number of radiotherapy caseloads per 
day decreased sharply from 188 to 12 during the COVID-
19 outbreak [2]. Another concern is the increased risk 
of COVID-19 infection as a result of nosocomial trans-
mission and compromised immunity caused by the can-
cer itself and/or cancer treatment [3, 4]. Despite these 
concerns, the risk associated with delay of treatment 
is unclear and has attracted widespread attention from 
experts, and several guidelines relevant to this have been 
published [5, 6]. According to early published data from 
China, in the population infected with SARS-CoV-2, 
the risk of cancer patients developing severe events is 
nearly five times higher than that in non-cancer patients 
[7]. Further, it has been suggested that chemotherapy be 
postponed in endemic areas [7]. Given these findings, it 
is important to assess the risks of administering cancer 
treatment or delaying it in the context of the ongoing 
pandemic.

Nasopharyngeal carcinoma (NPC) is one of the most 
common head and neck cancers in southern China. 
According to the NCCN guidelines, induction chemo-
therapy (IC) combined with concurrent chemoradio-
therapy (CCRT) is recommended for locally advanced, 
nonmetastatic (stage II–IVa) NPC [8]. For head and neck 
cancer care in the time of COVID-19, some experts rec-
ommend that RT be initiated immediately [5], while 
some recommend that initiation of RT should not be 
delayed by more than 4–6 weeks [6]. Since NPC is highly 
prevalent in China, it is important to investigate the risks 
associated with treatment delay. Therefore, in the pres-
ent study, we have aimed to shed light on the potential 
implications of the SARS-CoV-2 crisis for cancer man-
agement. To this end, we retrospectively reviewed cases 
of nonmetastatic NPC in which the IC and/or CCRT 
plan was delayed during the pandemic. Changes in the 

Epstein-Barr virus (EBV) DNA load of patients were 
measured, as plasma EBV DNA load is one of the most 
important biomarkers for risk stratification and disease 
surveillance during and after treatment, and residual 
EBV DNA load indicates a poor prognosis [9–12]. 1-year 
disease-free survival (DFS) was also calculated to sum-
marize the effect of treatment delay.

Methods
Patients
This retrospective review included patients who received 
intensity-modulated radiotherapy (IMRT) between 
December 11, 2019, and March 11, 2020, at our cancer 
center. The inclusion criteria were (1) histologic confir-
mation of nonkeratinizing NPC and (2) newly diagnosed 
stage II–IVa disease according to the 8th edition of the 
American Joint Committee on Cancer/Union for Inter-
national Cancer Control (AJCC/UICC) staging system. 
The exclusion criteria were (1) treatment with palliative 
intent and (2) recurrence and/or metastasis. Based on 
these criteria, a total of 233 patients were selected for 
this study. All the patients had undergone a comprehen-
sive pre-treatment evaluation, including physical exami-
nation, nasopharyngeal and neck magnetic resonance 
imaging, chest radiography, abdominal sonography, and 
whole-body bone scan or (18)F-fluorodeoxyglucose posi-
tron emission tomography/computerized tomography 
examination. Plasma EBV DNA measurement was per-
formed as described previously [12]. A pretreatment EBV 
DNA cutoff value of 2000 copies/ml was adopted [13].

The ethical review board of Sun Yat-sen University 
Cancer Centre approved of this retrospective analysis of 
anonymized patient data, and waived the need for writ-
ten consent from the included patients. However, the oral 
consent of the patients was obtained via telephone and 
documented by telephone recording.

Institutional guidelines for treatment
Our institutional guidelines recommend radiotherapy 
(RT) combined with concurrent chemotherapy (CRT) 
and/or IC for stage II–IVa NPC. Three regimens of IC 
are frequently used: gemcitabine (1 g/m2 on days 1 and 8) 
plus cisplatin (80 mg/m2 on day 1), cisplatin (75 mg/m2) 
with docetaxel (75  mg/m2), and cisplatin (60  mg/m2) 
plus docetaxel (60  mg/m2) with 5-fluorouracil (600–
750 mg/m2 per day for 5 days), triweekly, for 3 cycles. In 
cases where IC is also administered, CCRT is usually ini-
tiated 3 weeks after the last cycle of IC. CRT usually con-
sists of cisplatin (80–100 mg/m2) triweekly for 3 cycles. 

Conclusion: To ensure treatment efficacy for patients with nonmetastatic NPC, initiation of RT should not be delayed 
by more than 6 days; the effect of chemotherapy delay requires further investigation.
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Adjuvant chemotherapy is a less frequently used option 
due to poor compliance. All patients were treated with 
IMRT. Target volumes were delineated according to an 
individualized delineation protocol [14]. The prescribed 
doses were according to those reported previously [13]. 
All targets were treated simultaneously using the simul-
taneous integrated boost technique.

Chemotherapy was considered to be delayed if the 
interval between two adjacent cycles was longer than the 
recommended interval, which was usually 21 days.

Endpoint and follow up
The study endpoints were elevated EBV DNA load (with a 
cutoff of 5% above the previous value to account for base-
line fluctuation or variation) between two adjacent cycles 

of chemotherapy or during RT, and DFS (defined as the 
time from the initiation of treatment to documented dis-
ease relapse [locoregional relapse or distant metastasis] 
or death from any cause, whichever occurred first).

Patients were followed up at least every 3 months 
during the first 2 years. The median follow-up duration 
was 17.7 months (range, 4.0–22.2 months; interquartile 
range, 16.0–19.6 months).

Statistical analysis
Receiver operator characteristic (ROC) analysis was used 
to calculate the cut-off value for RT and chemotherapy 
delay that would be predictive of elevation in the EBV 
DNA load. Logistic regression model was performed to 
calculate the odds ratio (OR) and their associated 95% 
confidence intervals (CIs), and to perform multivariable 
analyses to identify significant independent factors for 
the elevation in the EBV DNA load. Kaplan–Meier curves 
were used to present time-to-event data, and difference 
was assessed using log-rank tests. Cox proportional haz-
ard model was used to calculate the hazard ratios (HR), 
and to perform multivariable analyses to identify sig-
nificant independent factors for DFS. All analyses were 
performed using SPSS version 25.0 (IBM Corporation, 
Armonk, NY, USA). Two-tailed P-values < 0.05 were con-
sidered to indicate statistical significance.

Results
Patient characteristics and treatment
Table  1 depicts the baseline characteristics and treat-
ment modalities used in the 233 patients. The majority 
of the patients (97%) had stage III–IVa disease; 89% had 
T3-4 disease; and 65% had N2–3 disease. In 161 (69%) 
patients, the pretreatment EBV DNA load was < 2000 
copies/ml, while the remaining 72 (31%) patients had a 
pretreatment EBV DNA load of ≥ 2000 copies/ml.

All the included patients had completed RT for at least 
30 fractions (range, 30–35 fractions) with or without IC 
and/or CRT prior to the start of this study. 196 (84%) 
patients received IC: 12 had undergone 1 cycle, and 184 
had undergone 2–4 cycles. Further, 228 (98%) patients 
had undergone CRT: 14 had received 1 cycle, and 214 
had received 2–4 cycles. Only 13 (6%) of the 233 patients 
received all the cycles of chemotherapy on schedule, 
while in 220 (94%) patients, chemotherapy was delayed 
(median, 16 days; range, 1–56 days; interquartile range 
[IQR], 9–21 days). Further, in 116 (50%) patients, RT was 
initiated on schedule, while in 117 (50%) patients, RT was 
delayed (median, 13 days; range, 1–39 days; IQR, 7–20 
days).

Table 1 Clinical characteristics of the included 233 patients
Characteristic No. (%)
Sex
Male 161 (69%)

Female 72 (31%)

Age (years)
≤ 46 119 (51%)

> 46 114 (49%)

Pretreatment EBV DNA
≤ 2000 copies/ml 161 (69%)

> 2000 copies/ml 72 (31%)

T stage*

T1 4 (2%)

T2 23 (10%)

T3 144 (62%)

T4 62 (27%)

N stage*

N0 14 (6%)

N1 68 (29%)

N2 86 (37%)

N3 65 (28%)

Overall stage*

II 8 (3%)

III 114 (49%)

IVa 111 (48%)

Induction chemotherapy
No 37 (16%)

Yes 196 (84%)

Concurrent chemotherapy
No 5 (2%)

Yes 228 (98%)

Chemotherapy delay
On schedule or delay < 10 days 70 (30%)

With delay ≥ 10 days 163 (70%)

Radiotherapy
On schedule or delay < 6 days 140 (60%)

With delay ≥ 6 days 93 (40%)
Percentages may not total 100 because of rounding

*According to the 8th edition of the AJCC staging system
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Association of treatment delay with elevation in the EBV 
DNA load
The EBV DNA load was found to have elevated between 
IC1 and IC2 (n = 1), post-IC and pre-CCRT (n = 22), and 
between CRT1 and CRT2 (n = 2). ROC analysis revealed 
that the optimal cutoff value for RT and chemotherapy 
delay that was predictive of elevation in the EBV DNA 
load was 6 and 10 days, respectively (Figure S1 and Table 
S1).

Figure  1 presents detailed information about delays 
for every cycle of chemotherapy and RT. In short, 11 
(6%) patients’ IC plan and 153 (67%) patients’ CRT plan 
were delayed by ≥ 10 days (median = 18, range, 10–56; 
IQR, 15–25 days). Further, 93 (40%) patients’ RT plan 
was delayed by ≥ 6 days (median = 16, range, 6–39; IQR, 
11–22 days). Patients with RT delay of ≥ 6 days were 

more likely to have a subsequently elevated EBV DNA 
load than those for whom the RT plan was initiated on 
schedule or delayed by < 6 days (20.4% vs. 3.6%, odds 
ratio [OR] = 6.93 [95% CI = 2.49–19.32], P < 0.001). Che-
motherapy delay of ≥ 10 days was not associated with 
elevated EBV DNA, as compared with a delay of < 10 days 
(12.5% vs. 6.8%, OR = 1.94 [95% CI = 0.70–5.40], P = 0.20). 
When adjusted for other clinical factors in multivariable 
analysis, RT delay of ≥ 6 days remained an adverse factor 
for a subsequently elevated EBV DNA load (OR = 7.08 
[95% CI = 2.53–19.88], P < 0.001) (Table 2).

Since most of the EBV DNA load (22/25) elevated 
between IC and CCRT, we used post-IC EBV DNA as 
a hierarchical factor and reanalyzed the association 
between treatment delay and changes in the EBV DNA 
load. We found that patients with an RT delay of ≥ 6 days 

Fig. 1 Delay conditions about every cycle of chemotherapy and radiotherapy. IC: induction chemotherapy; CRT: concurrent chemotherapy; RT: 
radiotherapy
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were at a higher risk of elevated EBV DNA load than 
those with an RT delay of < 6 days, regardless of whether 
EBV DNA after IC was detectable (elevated rate: 52·4% 
vs. 21·1%, OR = 4·13 [1.02–16.67], P = 0·041) or not (12·9% 
vs. 1·3%, OR = 11·56 [1.40-95.09], P = 0·011).

Association of treatment delay with DFS
The median follow-up time for DFS was 17.7 months 
(IQR, 16.0-19.7). During the follow-up, 9 patients had 
loco/regional relapse, 11 had distant metastasis, and 2 
died.

Univariate analysis showed RT delay of ≥ 6 days was 
associated with worse 1-year DFS (91.2% vs. 97.8%, 
HR = 3.61 [95% CI = 1.37–9.50], P = 0.006), compared with 
on-schedule RT or delay of < 6 days; chemotherapy delay 
of ≥ 10 days was associated with non-significant worse 
1-year DFS (93.8% vs. 97.1%, HR = 3.73 [95% CI = 0.86–
16.14], P = 0.059), compared with delay of < 10 days 
(Fig. 2). In multivariable analysis adjusted for other clini-
cal factors, RT delay of ≥ 6 days remained an independent 
adverse factor for DFS (HR = 3.61 [1.37–9.50], P = 0.009), 
while chemotherapy delay of 10 days was not (Table 2).

Association of EBV DNA elevation during treatment with 
DFS
Patients with EBV DNA elevation during treatment had 
a worse 1-year DFS (76.0% vs. 97.6%, HR = 6.16 [2.41, 
15,77], P < 0.001), compared with those without EBV 
DNA elevation (Fig.  3). In multivariable analysis, EBV 
DNA elevation during treatment remained an inde-
pendent adverse factor for DFS (HR = 6.16 [2.41-15,77], 
P < 0.001).

Discussion
In the present study, we respectively reviewed 233 NPC 
patients who had received treatment at our cancer center 
during the COVID-19 pandemic in China, and described 
their treatment and short-term outcomes. We found 
that when the RT plan was delayed by ≥ 6 days, the EBV 
DNA load, one of the most important prognostic factors 
for NPC, was more likely to be subsequently elevated; 
further, patients with a RT delay of ≥ 6 days had worse 
1-year DFS.

Plasmas EBV DNA load is an indicator of tumor load 
and is widely used for risk stratification and disease sur-
veillance before and after treatment [10, 11]. It has been 
reported that detectable EBV DNA after completion of 
IC, at the midpoint of CCRT, and after RT are all indica-
tive of poor survival outcomes [9, 11, 12]. Moreover, 
elevation in EBV DNA during IC or CCRT is associated 
with poor DFS [15], and increase in EBV DNA during 
the follow-up can correctly predict recurrences [16] and 
metastatic failure [17]. Therefore, EBV DNA is a useful 
biomarker of disease status and survival outcomes, and 
this is why we chose it as one of the study endpoints.

We found that the EBV DNA load was more likely to 
be elevated subsequently when RT was delayed for over 
a certain period of time. The sudden increase in tumor 
load might be a result of accelerated repopulation of 
the surviving tumor clonogens [18, 19]. Withers et al. 
[19] found a daily decrease of over 1% in the tumor con-
trol rate if RT was interrupted and prolonged, and they 
attributed this to accelerated repopulation. Therefore, as 
the tumor load increased, the concentration of EBV DNA 
released into the plasma increased. Considering that 
there might exist a latent time within which the acceler-
ated repopulation occurs, we performed ROC analysis to 
determine the optimal cut-off point for treatment delay, 
and determined that it was ≥ 6 days for RT and ≥ 10 days 
for chemotherapy. Similar cutoff values for RT delay have 
been described for long-term prognosis in previous stud-
ies, which have indicated that a prolonged interval of > 30 
days [20] (i.e., delay of > 9 days) between IC and RT was 
associated with worse 5-year overall survival and DFS. In 
the present study, we also found that patients with a RT 
delay of ≥ 6 days had worse 1-year DFS, and RT delay of 
≥ 6 days remained an independent adverse factor for DFS 
when adjusted for other factors. Although the follow-up 
time is relatively short, the adverse effect of RT delay on 
prognosis has been shown.

In the present study, 39.9% (93/233) of patients treated 
in our hospital had a RT delay of ≥ 6 days during the pan-
demic, which was much higher than that before the pan-
demic (≥ 7 days: 10.3% [807/7826])[21]. The COVID-19 
pandemic did seriously affect cancer treatment. Based on 
our results, we recommend that the treatment of patients 
with nonmetastatic NPC should not be delayed for too 

Table 2 Summary of multivariable analysis of prognostic factors 
for EBV DNA elevation and DFS
Endpoint Variable HR 95% 

CI
P 
value*

EBV DNA elevation RT delay (≥ 6 
vs. < 6 days)

7.08 2.53–
19.88

< 0.001

Pre-DNA 
(≥ 2000 
vs. <2000 
copies/ml)

2.17 0.88–
5.32

0.092

DFS RT delay (≥ 6 
vs. < 6 days)

3.61 1.37–
9.50

0.009

Abbreviations: RT, radiotherapy; Pre-DNA, pretreatment EBV DNA; DFS, disease-
free survival; HR, hazard ratio; CI, confidence interval

* P-values were calculated using an adjusted Cox proportional hazards model; 
the following concerned prognostic variables were included in the analysis of 
EBV DNA elevation: age (≥ 45 vs. <45 years), sex (female vs. male), T category 
(T3-4 vs. T1-2), N category (N2-3 vs. N0-1), pretreatment EBV DNA (≥ 2000 vs. 
<2000 copies/ml), induction chemotherapy (yes vs. no), and RT delay (≥ 6 vs. < 6 
days). In analysis of DFS, chemotherapy delay (≥ vs. < 10 days) was also included. 
Insignificant factors were excluded from the model and were not shown in the 
results
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long, in order to ensure good long-term survival, despite 
the limitations posed by the COVID-19 pandemic. It is 
critical for both physicians and patients to weigh the risk 
of adverse effects that could result from delay of can-
cer treatment against the risk of exposure to COVID-
19 infection [5]. To this end, maintaining open, online 
routes of communication about the condition of the dis-
ease and treatment strategy between doctors and patients 
is important.

Conclusion
To conclude, based on the findings of the present study, 
we recommend that despite the risk and limitations 
posed by the COVID-19 pandemic, in patients with non-
metastatic NPC, RT be initiated without a delay of more 
than 6 days, to ensure long-term survival. Long-term 
follow-up of these patients is needed to confirm these 
findings.

Fig. 2 Kaplan–Meier curves showing the disease-free survival according to patients with and without radiotherapy delay of ≥ 6 days (A) and patients with 
and without chemotherapy delay of ≥ 10 days (B)

 



Page 7 of 8Huang et al. Cancer Cell International          (2022) 22:331 

Abbreviations
NPC  nasopharyngeal carcinoma
IC  induction chemotherapy
CCRT  concurrent chemoradiotherapy
RT  radiotherapy
EBV DNA  Epstein-Barr virus DNA
IMRT  intensity modulated radiotherapy
AJCC/UICC  American Joint Committee on Cancer/Union for International 

Cancer Control
CRT  concurrent chemotherapy
ROC  receiver operator characteristic

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12935-022-02748-y.

Supplementary Figure S1 and Table S1.

Acknowledgements
Not applicable.

Authors’ contributions
Conceptualization and study design was conducted by JM, LC, and LLT. 
Patients’ data was collected and verified by CLH, XLF, YPM, RG, WFL, and SSX. 
Methodology was performed by CLH, XLF, YPM. CLH, XLF were the major 
contributors in writing the manuscript. All authors read and approved the final 
manuscript.

Funding
This study did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with institutional review board 
guidelines and approval of Sun Yat-sen University Cancer Center. Informed 
consent was waived for retrospective analysis of anonymous data.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Radiation Oncology, State Key Laboratory of Oncology 
in South China, Collaborative Innovation Center for Cancer Medicine, 
Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and 
Therapy, Sun Yat-sen University Cancer Center, 651 Dongfeng Road East, 
510060 Guangzhou, China
2Department of Otolaryngology, Peking Union Medical College Hospital, 
Research Units of New Technologies of Endoscopic Surgery in Skull Base 
Tumor, Chinese Academy of Medical Sciences and Peking Union Medical 
College, Beijing, China
3National Cancer Center/National Clinical Research Center for Cancer/
Cancer Hospital & Shenzhen Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College, Shenzhen, China

Received: 3 June 2022 / Accepted: 6 October 2022

References
1. Mendoza MJL, Tan HNC, Hernandez ARB, Dala BCA, Sacdalan DBL, Sacdalan 

DL, et al. Medical oncology care amidst the COVID-19 pandemic at the 
National University Hospital in the Philippines. Ecancermedicalscience. 
2020;14:1066.

2. Xie C, Wang X, Liu H, Bao Z, Yu J, Zhong Y, et al. Outcomes in Radiotherapy-
Treated Patients With Cancer During the COVID-19 Outbreak in Wuhan, 
China. JAMA oncology. 2020.

3. Kamboj M, Sepkowitz KA. Nosocomial infections in patients with cancer. 
Lancet Oncol. 2009;10:589–97.

4. Sica A, Massarotti M. Myeloid suppressor cells in cancer and autoimmunity. J 
Autoimmun. 2017;85:117–25.

Fig. 3 Kaplan–Meier curves showing the disease-free survival according to patients with and without EBV DNA load elevation during treatment

 

http://dx.doi.org/10.1186/s12935-022-02748-y
http://dx.doi.org/10.1186/s12935-022-02748-y


Page 8 of 8Huang et al. Cancer Cell International          (2022) 22:331 

5. Kutikov A, Weinberg DS, Edelman MJ, Horwitz EM, Uzzo RG, Fisher RI. A 
War on Two Fronts: Cancer Care in the Time of COVID-19. Ann Intern Med. 
2020;172:756–8.

6. Thomson DJ, Palma D, Guckenberger M, Balermpas P, Beitler JJ, Blanchard P, 
et al. Practice Recommendations for Risk-Adapted Head and Neck Cancer 
Radiation Therapy During the COVID-19 Pandemic: An ASTRO-ESTRO Con-
sensus Statement. Int J Radiat Oncol Biol Phys. 2020;107:618–27.

7. Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients in SARS-
CoV-2 infection: a nationwide analysis in China. Lancet Oncol. 2020;21:335–7.

8. < head-and-neck NCCN.pdf&gt.
9. Leung SF, Chan KC, Ma BB, Hui EP, Mo F, Chow KC, et al. Plasma Epstein-Barr 

viral DNA load at midpoint of radiotherapy course predicts outcome in 
advanced-stage nasopharyngeal carcinoma. Annals of oncology: official 
journal of the European Society for Medical Oncology. 2014;25:1204–8.

10. Lin JC, Wang WY, Chen KY, Wei YH, Liang WM, Jan JS, et al. Quantification of 
plasma Epstein-Barr virus DNA in patients with advanced nasopharyngeal 
carcinoma. N Engl J Med. 2004;350:2461–70.

11. Chan AT, Lo YM, Zee B, Chan LY, Ma BB, Leung SF, et al. Plasma Epstein-Barr 
virus DNA and residual disease after radiotherapy for undifferentiated naso-
pharyngeal carcinoma. J Natl Cancer Inst. 2002;94:1614–9.

12. Huang CL, Sun ZQ, Guo R, Liu X, Mao YP, Peng H, et al. Plasma Epstein-Barr 
Virus DNA Load After Induction Chemotherapy Predicts Outcome in Locore-
gionally Advanced Nasopharyngeal Carcinoma. Int J Radiat Oncol Biol Phys. 
2019;104:355–61.

13. Guo R, Tang LL, Mao YP, Du XJ, Chen L, Zhang ZC, et al. Proposed modifica-
tions and incorporation of plasma Epstein-Barr virus DNA improve the TNM 
staging system for Epstein-Barr virus-related nasopharyngeal carcinoma. 
Cancer. 2019;125:79–89.

14. Lee AW, Lin JC, Ng WT. Current management of nasopharyngeal cancer. 
Semin Radiat Oncol. 2012;22:233–44.

15. Lv J, Chen Y, Zhou G, Qi Z, Tan KRL, Wang H, et al. Liquid biopsy tracking dur-
ing sequential chemo-radiotherapy identifies distinct prognostic phenotypes 
in nasopharyngeal carcinoma. Nat Commun. 2019;10:3941.

16. Wang WY, Twu CW, Lin WY, Jiang RS, Liang KL, Chen KW, et al. Plasma Epstein-
Barr virus DNA screening followed by 18F-fluoro-2-deoxy-D-glucose positron 
emission tomography in detecting posttreatment failures of nasopharyngeal 
carcinoma. Cancer. 2011;117:4452–9.

17. Hsu CL, Chan SC, Chang KP, Lin TL, Lin CY, Hsieh CH, et al. Clinical scenario 
of EBV DNA follow-up in patients of treated localized nasopharyngeal carci-
noma. Oral Oncol. 2013;49:620–5.

18. Kwong DL, Sham JS, Chua DT, Choy DT, Au GK, Wu PM. The effect of inter-
ruptions and prolonged treatment time in radiotherapy for nasopharyngeal 
carcinoma. Int J Radiat Oncol Biol Phys. 1997;39:703–10.

19. Withers HR, Peters LJ, Taylor JM, Owen JB, Morrison WH, Schultheiss TE, et 
al. Local control of carcinoma of the tonsil by radiation therapy: an analysis 
of patterns of fractionation in nine institutions. Int J Radiat Oncol Biol Phys. 
1995;33:549–62.

20. Peng L, Liu JQ, Xu C, Huang XD, Tang LL, Chen YP, et al. The prolonged interval 
between induction chemotherapy and radiotherapy is associated with poor 
prognosis in patients with nasopharyngeal carcinoma. Radiation Oncol 
(London England). 2019;14:9.

21. Yao JJ, Zhang F, Gao TS, Zhang WJ, Lawrence WR, Zhu BT, et al. Survival 
impact of radiotherapy interruption in nasopharyngeal carcinoma in the 
intensity-modulated radiotherapy era: A big-data intelligence platform-based 
analysis. Radiotherapy and oncology: journal of the European Society for 
Therapeutic Radiology and Oncology. 2019;132:178–87.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Association of delayed chemoradiotherapy with elevated Epstein-Barr virus DNA load and adverse clinical outcome in nasopharyngeal carcinoma treatment during the COVID-19 pandemic: a retrospective study
	Abstract
	Background
	Methods
	Patients
	Institutional guidelines for treatment
	Endpoint and follow up
	Statistical analysis

	Results
	Patient characteristics and treatment
	Association of treatment delay with elevation in the EBV DNA load
	Association of treatment delay with DFS
	Association of EBV DNA elevation during treatment with DFS

	Discussion
	Conclusion
	References


