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Abstract
Background: This study assessed the prognostic value of early Epstein–Barr virus (EBV) DNA dynamics combined with Response 

Evaluation Criteria in Solid Tumours (RECIST)-based radiographic response in patients with recurrent/metastatic nasopharyngeal 

carcinoma (R/M NPC) receiving immunotherapy, to refine risk stratification.

Methodology: A real-world cohort of 306 patients with R/M NPC and detectable EBV DNA at baseline received PD-1 monoclonal 

antibodies (PD-1 mAbs), alone or with chemotherapy. EBV DNA and radiological assessments were performed at baseline and 

after two therapy cycles. Biological responses based on EBV DNA were compared with RECIST evaluations. Survival outcomes 

were analysed using inverse probability treatment weighting, and a Cox regression model was developed incorporating baseline 

features and early responses.

Results: Among 306 patients, 174 achieved complete biological response (cBR), and 203 achieved complete or partial radiolo-

gical response (CR/PR). Patients achieving both cBR and CR/PR had the most favourable progression-free survival. Early cBR was 

the dominant prognostic factor for overall survival, whereas radiological response did not affect overall survival within biological 

response strata. A prediction model integrating baseline features, radiological, and biological responses achieved an optimism-

corrected C-index, surpassing models with baseline features alone, baseline plus radiological response, and baseline with biologi-
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Plasma EBV DNA dynamics complements

radiological response in PD-1–treated

R/M NPC.

Integrated clinical, biological and

radiological responses enable optimized

prognostic stratification.
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Introduction
Nasopharyngeal carcinoma (NPC) is endemic in southern China, 

southeast Asia, and north Africa, with a strong aetiological link 

to Epstein–Barr virus (EBV) infection (1-3). Immunotherapy has 

transformed the management of recurrent or metastatic NPC 

(R/M NPC) (4-6). Current National Comprehensive Cancer Network 

(NCCN) guidelines recommend anti-programmed cell death 

protein 1 monoclonal antibodies (PD-1 mAbs) combined with 

gemcitabine–cisplatin (GP) as first-line therapy or single agents 

in later treatment lines (7). Nevertheless, a proportion of patients 

with R/M NPC derive little benefit from PD-1 mAbs. Identifying 

those at risk of resistance during treatment is therefore crucial 

for timely modification of therapeutic strategies.

Disease status is conventionally assessed using the Response 

Evaluation Criteria in Solid Tumours version 1.1 (RECIST v1.1) (4-

6,8). In the era of chemotherapy, early radiographic response was 

strongly correlated with survival in patients with metastatic NPC 
(9). However, with immunotherapy, RECIST v1.1 may inadequa-

tely capture treatment response, particularly in the early phase 
(10). Immune-related responses, including pseudoprogression 

and dissociated patterns, are linked to enhanced anti-tumour 

activity and may reflect inflammatory cell infiltration rather than 

true disease progression (11-14). Indeed, patients categorised as 

progressing by RECIST but not by immune-adapted criteria (e.g., 

iRECIST) may achieve outcomes comparable with those who 

do not progress (11,12,15). This underscores the need for comple-

mentary early-response modalities, such as liquid biopsy, which 

can dynamically reflect tumour burden and reveal treatment 

resistance at an early stage of PD-1 mAbs therapy for R/M NPC.

Plasma EBV DNA is a validated circulating biomarker for NPC 
(2). Using ultrasensitive quantitative polymerase chain reaction 

(qPCR), cell-free EBV DNA fragments shed by tumour cells can be 

quantified in peripheral blood. Studies by Lv et al. demonstrated 

that dynamic EBV DNA changes during treatment provide valu-

able information for monitoring response and disease surveil-

lance (16, 17). Under chemotherapy, combining EBV DNA kinetics 

with radiographic assessments improved accuracy in evaluating 

tumour regression (18-20), highlighting the complementary value 

of biological response markers. Despite the limitations of RECIST 

during immunotherapy, early plasma EBV DNA declines remain 

predictive of long-term outcomes in patients with R/M NPC 

treated with PD-1 mAbs (21). Thus, integrating EBV DNA kinetics 

with radiographic criteria may offer a reliable model for early 

response assessment.

Thus, this study aims to assess the prognostic and predictive 

significance of combining plasma EBV DNA kinetics with RECIST 

v1.1 during the early course of PD-1 mAbs treatment. Further-

more, we seek to establish a refined clinical prediction model 

incorporating EBV DNA decline, RECIST assessment, and baseline 

risk factors to optimise risk stratification and guide management 

of patients with R/M NPC receiving immunotherapy.

Materials and methods
Study population and data collection

Between January 2018 and February 2022, 306 patients with 

R/M NPC were identified at Sun Yat-sen University Cancer Centre. 

This study was approved by the Research Ethics Committee of 

Sun Yat-Sen University Cancer Centre (approval number: B2025-

393). 

Inclusion criteria were: 1) aged ≥18 and <75 years; 2) histologi-

cally confirmed WHO type II or III NPC; 3) stage IVb metastatic 

disease (eighth edition of the American Joint Committee on 

Cancer staging system for NPC) or local recurrence after cura-

tive locoregional radiotherapy (LRRT) not amenable to local 

treatment; 4) detectable plasma EBV DNA at baseline; 5) Eastern 

Cooperative Oncology Group performance status 0–1; 6) at least 

one measurable lesion by RECIST v1.1; and (7) receipt of ≥2 im-

munotherapy cycles.

Exclusion criteria were: 1) prior monoclonal antibody therapy 

against PD-1/PD-L1/CTLA4; 2) hepatic or renal insufficiency; 

3) concurrent malignant disease, unless curatively treated >5 

years earlier; 4) active or historical autoimmune disease; and 5) 

absence of plasma EBV DNA testing or radiological evaluation 

after two cycles.

Patients were retrospectively assigned to two cohorts based 

on treatment line. Patients that was treatment-naïve to R/M 

NPC formed the first-line cohort, while those with radiological 

progression after ≥1 platinum-based palliative chemotherapy 

regimen were assigned to the subsequent-line cohort.

Treatment protocol

Patients in the first-line cohort received GP combined with a 

PD-1 mAbs (tislelizumab, sintilimab, toripalimab, or camrelizu-

mab) every 3 weeks (Q3W) for up to six cycles, followed by PD-1 

mAbs monotherapy Q3W. In the chemotherapy phase, PD-1 

mAbs was administered on day 1, gemcitabine (1,000 mg/m2) 

cal response.

Conclusions: Early biological response by EBV DNA was a stronger prognosticator than radiological response in PD-1 mAbs-trea-

ted R/M NPC. Combining baseline clinical features with biological and radiological responses improved survival prediction. 

Key words: nasopharyngeal carcinoma, Epstein–Barr virus DNA, RECIST, immunotherapy, prognostic stratification
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on days 1 and 8, and cisplatin (80 mg/m2) on day 1 of each cycle. 

Maintenance with PD-1 mAbs continued until disease progres-

sion, unacceptable toxicity, or a maximum of 2 years. 

Patients in the subsequent-line cohort received PD-1 mAbs 

monotherapy on day 1 of each 3-week cycle, continued until 

radiographically confirmed progression, intolerable toxicity, or a 

maximum of 2 years.

Radiological assessment for tumour response

Radiographic imaging, including contrast-enhanced magnetic 

resonance imaging (MRI) of the nasopharynx and neck, and 

contrast-enhanced computed tomography (CT) scans of other 

body regions, was performed every two cycles to assess tumour 

response using RECIST v1 (8). Complete response (CR) was de-

fined as disappearance of all lesions; partial response (PR) as a 

≥30% reduction in the sum of target lesion diameters; progres-

sive disease (PD) as new lesions or a ≥20% increase; and stable 

disease (SD) as changes not meeting PR or PD criteria.

Biological assessment evaluated by plasma EBV DNA for 

tumour response

All patients underwent baseline plasma EBV DNA testing, follo-

wed by synchronous monitoring with radiological assessments 

during treatment. Quantification was conducted at Sun Yat-sen 

University Cancer Centre using the Sansure Biotech EBV DNA 

quantitative fluorescence diagnostic kit. The assay targeted the 

BamHI W fragment of the EBV genome, as described by Lo et al 

(22). Amplification was performed with the Applied Biosystems 

7700 Sequence Detection System, and data were analysed using 

Sequence Detection Systems software (version 1.6.3). Each sam-

ple was tested in duplicate; if results differed by >10%, a third 

run was performed for validation.

Forward primer: 5'-CCCAACACTCCACCACACC-3'; 

Reverse primer: 5'-TCTTAGGAGCTGTCCGAGGG-3'; 

Probe sequence: 5'-(FAM)CACACACTACACACACCCACCCGTCTC(

TAMRA)-3'.

Table 1. Baseline characteristics.

Characteristic n = 306

Age, years

Median (IQR) 46 (38, 54)

Sex, n (%)

Male 199 (65.0)

Female 107 (35.0)

ECOG score, n (%)

0 188 (61.4)

1 118 (38.6)

Smoking history, n (%)

No 194 (63.4)

Yes 112 (36.6)

Tumor stage, n (%)

T0 107 (35.0)

T1 4 (1.3)

T2 14 (4.6)

T3 101 (33.0)

T4 80 (26.1)

Node stage, n (%)

N0 126 (41.2)

N1 31 (10.1)

N2 46 (15.0)

N3 103 (33.7)

Metastasis stage, n (%)

M0 32 (10.5)

M1 274 (89.5)

Bone metastasis, n (%)

No 162 (52.9)

Yes 144 (47.1)

Liver metastasis, n (%)

No 184 (60.1)

Yes 122 (39.9)

Lung metastasis, n (%)

No 200 (65.4)

Yes 106 (34.6)

Distant LN metastasis, n (%)

No 212 (69.3)

Yes 94 (30.7)

History of radiotherapy, n (%)

No 168 (54.9)

Yes 138 (45.1)

Treatment line, n (%)

1st line 239 (78.1)

subsequent line 67 (21.9)

Number of metastases, n (%)

≤ 5 163 (53.3)

Abbreviations: ECOG, Eastern Cooperative Oncology Group performance 

status; LN, lymph node; EBV DNA, Epstein–Barr virus DNA.

Characteristic n = 306

> 5 143 (46.7)

Baseline EBV DNA (copies/mL), n (%)

≤ 7925 161 (52.6)

> 7925 145 (47.4)

PD-1 mAbs 

Camrelizumab 84 (27.5)

Tislelizumab 45 (14.7)

Toripalimab 158 (51.6)

Sintilimab 19 (6.2)
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Patients whose plasma EBV DNA levels fell below the assay’s 

lower limit of detection (40 copies/mL) after two PD-1 mAbs 

treatment cycles were classified as having a complete biological 

response (cBR). Those with levels ≥40 copies/mL were classified 

as the non-cBR group. 

Statistical analysis

The primary endpoint was progression-free survival (PFS), 

defined as the interval from treatment initiation to either ra-

diographically confirmed PD or death. The secondary endpoint 

was overall survival (OS), measured from treatment initiation to 

death from any cause.

Continuous variables were expressed as medians with inter-

quartile ranges, and categorical variables as frequencies and 

percentages. Between-group differences were evaluated using 

the chi-squared test. To address baseline imbalances, inverse 

probability of treatment weighting (IPTW) was applied before 

survival analyses (23,24). The cut-off values for age and baseline 

EBV DNA copies was identified using maximally selected rank 

statistics, with PFS as the time-to-event outcome (25). Survival 

distributions were estimated with the Kaplan–Meier method (26), 

and compared using log-rank tests. Hazard ratios (HRs) with 95% 

confidence intervals (CIs) were calculated using Cox proportio-

nal hazards regression (27). Predictive accuracy of early-response 

assessment methods was evaluated by the area under the recei-

ver operating characteristic curve (AUC), with CIs and statistical 

comparisons based on the DeLong method (28). A clinical predic-

tion model was built using Cox regression. Model discrimination 

was quantified by Harrell’s C-index, corrected for optimism via 

1000 bootstrap resamples (29). Calibration was assessed using 

the Hosmer–Lemeshow goodness-of-fit test and calibration 

plots. Decision Curve Analysis (DCA) was conducted to evaluate 

the clinical net benefit of the prediction models across a range 

of threshold probabilities. Multiple comparisons were adjus-

ted using the Benjamini–Hochberg (BH) method (30). Statistical 

analyses were performed using R software (version 4.3.3). A two-

tailed P value <0.05 was considered statistically significant.

 

Results
Baseline characteristics

A total of 306 patients with R/M NPC treated with PD-1 mAbs 

between January 2018 and February 2022 were included. Base-

line characteristics are summarised in Table 1. The median age 

was 46 years (interquartile range [IQR] 38–54); 199 (65.0%) were 

male and 107 (35.0%) were female. Among them, 239 (78.1%) 

received GP+PD-1 mAbs as first-line therapy, while 67 (21.9%) 

received PD-1 mAbs monotherapy in subsequent lines. Radio-

logical assessments were conducted after two treatment cycles, 

with EBV DNA surveillance performed at baseline and synchro-

nously with imaging. By 25 May 2025, 218 progressions and 125 

deaths had been recorded. Among the 125 deaths, 121 (96.8%) 

were due to tumour progression, 3 (2.4%) resulted from septic 

shock caused by neutropenic infection, and 1 (0.8%) was due 

to immune pneumonia. At a median follow-up of 33.5 months 

(IQR 22.4–48.0), the cohort had an mPFS of 16.3 months (95% CI 

16.2–19.4) and an mOS of 56.3 months (95% CI 51.5–NR).

Early biological response and survival outcomes

All patients (n=306) presented with detectable baseline plasma 

EBV DNA (median 6,500 copies/mL; IQR 1,090–311,000 copies/

mL). Patients with distant metastasis had higher EBV DNA levels 

than those with isolated locoregional relapse, and those with >5 

metastatic lesions had higher levels than those with ≤5 (Figure 

S1). Maximally selected rank statistics identified 7,925 copies/mL 

as the prognostic cut-off. Patients with baseline EBV DNA >7,925 

copies/mL had significantly poorer PFS than those with ≤7,925 

copies/mL (HR=1.530, 95% CI 1.169–2.004, P=0.002; Figure S2). 

After two cycles, 174 of 306 patients (56.7%) achieved cBR, while 

132 (43.1%) remained non-cBR. IPTW-adjusted analyses confir-

med balance between groups (Table S1). Patients with cBR had 

significantly improved outcomes: mPFS was 33.5 months (95% 

CI 23.3–44.6) versus 9.6 months (95% CI 8.3–11.8) in non-cBR 

(HR=2.776, 95% CI 1.885–4.000, P<0.001; Figure 1A). The mOS 

for the cBR group was not reached, compared with 39.3 months 

(95% CI 30.2–NR) in non-cBR (HR=2.465, 95% CI 1.611–3.774, 

P<0.001; Figure 1B).

Radiological response and correlation with survival

After two immunotherapy cycles, RECIST evaluation classified 

5 of 306 patients (1.6%) as CR, 198 (64.7%) as PR, 77 (25.2%) 

as SD, and 26 (8.5%) as PD. All patients with PD discontinued 

treatment at that time. For subsequent analyses, patients were 

grouped as CR/PR (objective response) or SD/PD (treatment 

resistance). Weighted survival analysis showed that the CR/PR 

group achieved a mPFS of 21.6 months (95% CI 17.0–32.7) com-

pared with 10.2 months (95% CI 7.5–15.0) in the SD/PD group 

(HR=2.074, 95% CI 1.481–2.903, P<0.001; Figure 1C). Median OS 

was not reached in CR/PR, whereas the SD/PD group had a mOS 

of 38.7 months (95% CI 22.2–NR) (HR=1.675, 95% CI 1.038–2.700, 

P<0.001; Figure 1D). 

Given potential heterogeneity between first-line and subse-

quent-line treatment cohorts, stratified analyses were perfor-

med. Consistent results were observed: cBR was associated with 

significantly longer mPFS and mOS compared with non-cBR, 

and CR/PR was superior to SD/PD in both treatment settings 

(Figure S3).

Coherence and differentiation between radiological and 

biological response

A significant correlation was found between radiological 

and biological responses (Chi-squared test, P<0.001). Of 306 

patients, 143 (46.7%) achieved both CR/PR and cBR, while 72 
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(23.5%) had both SD/PD and non-cBR. In line with a previous 

study (19), discrepancies were also noted: 31 patients (10.1%) 

achieved cBR despite radiological SD/PD, whereas 60 (19.6%) 

exhibited CR/PR but non-cBR. These findings suggest that EBV 

DNA kinetics may reflect biological changes that are not always 

in concordance with early imaging responses. Combining 

EBV DNA surveillance with RECIST therefore has potential to 

enhance early survival prediction. Accordingly, patients were 

classified into four response phenotypes based on radiological 

and biological assessments (Figure 2A): G1, cBR + CR/PR (n=143, 

46.7%); G2, cBR + SD/PD (n=31, 10.1%); G3, non-cBR + CR/PR 

(n=60, 19.6%); and G4, non-cBR + SD/PD (n=72, 23.5%). Baseline 

clinical characteristics across phenotypes are summarized in the 

Figure S4. Notably, compared with the non-cBR phenotypes (G3/

G4), patients in the cBR phenotypes (G1/G2) exhibited a lower 

number of metastases lesions, had a milder extent of distant 

lymph-node metastasis, and showed lower baseline EBV-DNA 

levels, whereas other metastatic patterns were largely compara-

ble between the cBR and non-cBR phenotypes.

Combination of radiological and biological response better 

predict clinical outcome. 

To evaluate the prognostic value of integrating radiological and 

biological responses, IPTW-corrected survival curves and hazard 

ratios were generated for the four phenotypes (Figures 2B–C). 

mPFS for G1, G2, G3, and G4 was 35.1 months (95% CI 23.6–

51.5), 12.4 months (95% CI 8.3–24.7), 8.3 months (95% CI 6.9–

15.2), and 7.5 months (95% CI 5.7–19.3), respectively. Median OS 

was not reached in G1 or G2, whereas it was 38.8 months (95% 

CI 26.1–NR) for G3 and 41.0 months (95% CI 17.5–NR) for G4. 

Among patients with favourable radiological response (G1 and 

G3), early biological response clearly differentiated outcomes: 

G3 had significantly worse survival than G1 (HRPFS=3.21, 95% 

CI 2.03–5.09, P<0.001; HROS=2.56, 95% CI 1.39–4.73, P<0.001). 

By contrast, among patients with unfavourable radiological 

response (G4 and G2), biological response did not significantly 

impact PFS (G4 vs. G2, HRPFS=1.60, 95% CI 0.86–2.90, P=0.058), 

though OS was markedly worse in G4 than G2 (HROS=3.15, 95% 

CI 1.27–7.80, P=0.002). When examining the role of radiological 

assessment within biological subgroups, differences were less 

Figure 1. Relationship between first treatment response and prognosis. (A) PFS and (B) OS Kaplan–Meier curves for patients with cBR versus non-

cBR after two treatment cycles. (C) PFS and (D) OS Kaplan–Meier curves for patients with CR/PR versus SD/PD after two cycles. Abbreviations: PFS, 

progression-free survival; OS, overall survival; cBR, complete biological response; HR, hazard ratio; 95% CI, 95% confidence interval; CR, complete 

response; PR, partial response; SD, stable disease; PD, progressive disease.

Figure 2. Correlation between age and recognition threshold of T&T 

olfactometer.
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Figure 2. Combined survival analysis of imaging and biological assessment. (A) Cross-distribution of RECIST response (columns) and EBV DNA clear-

ance (rows) at first efficacy evaluation in 306 patients. (B–C) IPTW-weighted Kaplan–Meier curves and pairwise hazard ratios for (B) PFS and (C) OS 

according to combined EBV DNA and RECIST response phenotypes: G1: Complete Biological Response (cBR) + CR/PR; G2, cBR + SD/PD; G3, non-cBR 

+ CR/PR; G4, non-cBR + SD/PD. Abbreviations: EBV, Epstein–Barr virus; PFS, progression-free survival; OS, overall survival; BH, Benjamini–Hochberg 

method; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; IPTW, inverse probability of treatment weighting.

consistent. Among patients achieving cBR, G2 had significantly 

shorter PFS than G1 (HRPFS=2.59, 95% CI 1.44–4.63, P<0.001), 

but OS did not differ (HROS=1.18, 95% CI 0.50–2.79, P=0.681). 

Among patients without cBR, no significant differences in PFS 

or OS were observed between G4 and G3 (HRPFS=1.25, 95% 

CI 0.76–2.07, P=0.260; HROS=1.47, 95% CI 0.78–2.77, P=0.118). 

Collectively, these results suggest that radiological assessments 

may be confounded by immune-related response patterns. 

Incorporating plasma EBV DNA dynamics provides complemen-

tary prognostic information, improving the accuracy of early 

response evaluation.

To validate our findings, we calculated 1-, 2-, and 3-year time-

dependent AUCs for PFS and OS (Figure 3A–B). Across all time 

points, biological response demonstrated greater predictive 

accuracy than radiological response alone. For PFS, the com-

bination of radiological and biological responses consistently 

outperformed either alone. At 1 year, the combination yielded 

an AUC of 0.779 (95% CI 0.727–0.830), superior to radiological 

response (0.647, 95% CI 0.584–0.700; P<0.001) and biological 

response (0.754, 95% CI 0.704–0.803; P=0.029). At 2 years, the 

combined AUC was 0.753 (95% CI 0.703–0.803), again exceeding 

radiological (0.638, 95% CI 0.588–0.687; P<0.001) and biological 

(0.725, 95% CI 0.677–0.773; P=0.016). At 3 years, the combined 

AUC remained highest at 0.763 (95% CI 0.715–0.812) versus 

radiological (0.646, 95% CI 0.597–0.694; P<0.001) and biological 

(0.732, 95% CI 0.685–0.779; P=0.008) (Figure 3A). Similar pat-

terns were observed for the 1-, 2- and 3- year OS (Figure 3B). Col-

lectively, these results confirm that integrating plasma EBV DNA 

dynamics with radiological assessment provides superior early 

prognostic accuracy compared with either method alone.

Establishment of clinical prediction models

Collectively, our findings demonstrate that combining biologi-

cal and radiological responses during early treatment provides 

superior predictive value compared with either alone. A Cox 

model incorporating both responses achieved an apparent, 

optimism-corrected C-index of 0.719 for PFS prediction (Figure 

4A), indicating robust prognostic utility. To approximate real-

world clinical practice, we further developed four prognostic 

models integrating pretreatment and treatment-response 

features. Backward elimination identified ECOG performance 

status, baseline EBV DNA load, and number of metastatic lesions 

as independent prognostic factors for PFS (Table S2, Figure S5). 

These variables formed the basis of Model 1_Baseline. We then 

sequentially incorporated treatment response features to create 

three additional models: Model 2_Baseline_Radiologic (baseline 

+ radiological response), Model 3_Baseline_Biological (base-

line + biological response), and Model 4_Baseline_Combined 

(baseline + both radiological and biological responses). Cor-

rected C-indices for these models are shown in Figure 4A. Model 

1 achieved the lowest performance (0.633). Model 2 improved 

discrimination (0.681), while Model 3 further increased accu-

racy (0.730). Model 4 provided the highest predictive accuracy 

(0.755), significantly outperforming Model 1 (P<0.001) and Mo-

del 2 (P=0.042). Although Model 4 was not statistically superior 

to post-treatment response alone (0.755 vs. 0.719, P=0.170), its 

integration of readily available baseline features offers practical 
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Figure 3. Time-dependent ROC curves for RECIST and EBV DNA in early treatment efficacy assessment. Assessment predicting 1-, 2- and 3-year (A) PFS 

and (B) OS. Abbreviations: PFS, progression-free survival; OS, overall survival; AUC, area under the curve; NS, not significant; ROC, receiver operating 

characteristic curve.

clinical value. Finally, a nomogram derived from Model 4 was 

constructed to estimate 1-, 2-, and 3-year PFS in patients with 

R/M NPC (Figure 4B). Calibration plots demonstrated excellent 

agreement between predicted and observed survival probabili-

ties (Figure 4C). DCA at 1-, 2-, and 3-year timepoints showed that 

the Model 4 yielded the greatest net benefit across most thres-

hold probabilities (Figure 4D; Figure S6). These findings suggest 

that incorporating both biological and radiographic responses 

offers improved clinical decision-making value.

 

Discussion
To our knowledge, this is the first study to systematically eva-

luate the combined prognostic value of radiological response, 

assessed by RECIST criteria, and biological response, assessed by 

EBV DNA kinetics, in patients with R/M NPC during early immu-

notherapy. Our findings demonstrate that biological response 

provides a robust complement to radiological evaluation, and 

that their integration yields superior predictive performance 

compared with either alone or with models based solely on 

baseline characteristics. Importantly, incorporating both radio-

logical and biological responses with baseline clinical features 

produced the most accurate prediction model, supporting the 

use of combined response monitoring in future risk-adapted 

clinical trial designs and in guiding personalised therapeutic 

strategies for R/M NPC.

Pseudoprogression remains a critical challenge in the immu-

notherapy era. Although modified criteria such as iRECIST were 

developed to address this limitation, their dependence on 

serial imaging may delay clinical decisions and increase patient 

anxiety. The reproducibility of radiological measurements also 

poses difficulties (31), particularly in NPC, where tumour morpho-

logy is highly variable and complicates RECIST-based evaluation 
(19,32). In this context, liquid biopsy provides a valuable adjunct, 

enabling earlier and potentially more accurate assessment of 

treatment response and prognosis (33). There is growing interest 

in combining liquid biopsy with radiological response for re-

fined risk stratification. In non-small cell lung cancer, melanoma, 

and urothelial carcinoma, ctDNA dynamics have shown strong 

concordance with best radiological response following immuno-

therapy (34-36). In NPC, EBV DNA is released into the bloodstream 

through tumour cell death and reflects tumour burden, tumour 

biology, and potential occult metastasis (37-39). The EP-SEASON 

study demonstrated that EBV DNA dynamics are closely associ-

ated with treatment response (17). Furthermore, early declines in 

plasma EBV DNA titres predict long-term outcomes in patients 

with R/M NPC receiving immunotherapy (21). Taken together, 
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these findings highlight the clinical value of integrating EBV 

DNA kinetics with RECIST-based assessment to optimise patient 

management.

As our study demonstrated, stratification by biological response 

reveals an important nuance. Although patients with a radiolo-

gical CR/PR generally showed superior OS compared with those 

with SD/PD, individuals achieving cBR had comparable long-

term OS irrespective of radiological response category. Notably, 

their survival was significantly better than that of patients with 

radiological CR/PR who failed to achieve cBR. This divergence 

likely reflects the confounding effect of pseudoprogression on 

radiographic evaluation during immunotherapy. Accordingly, for 

patients achieving cBR despite radiological evidence of progres-

sion, caution is warranted against prematurely discontinuing 

treatment, as survival benefit may emerge over time. Conversely, 

failure to achieve cBR was associated with prognosis as poor as 

that of patients with SD/PD, even when radiological CR/PR was 

observed. This finding underscores the superior prognostic va-

Figure 4. Development of models integrating baseline features. (A) Bar plot of apparent and optimism-corrected C-indices with pairwise comparisons 

of models incorporating baseline features, biological response, and/or radiological response using Cox proportional hazards models. (B) Nomogram 

estimating 1-, 2-, and 3-year PFS by integrating baseline features with radiological and biological response; overall points were matched to survival 

probabilities. (C) Calibration plots showing the actual risk probability by decile (y-axis) over the nomogram-predicted risk probability (x-axis).  (D) 

Decision curve analysis (DCA) curves at 3 years. Abbreviations: PFS, progression-free survival; EBV, Epstein–Barr virus; ECOG, Eastern Cooperative 

Oncology Group performance status.

Corrected Proof



9

Long et al.

Rhinology Vol 64, No 4, August 2026

lue of biological response compared with radiological response. 

EBV DNA assessment appears feasible as an early response indi-

cator, particularly for patients without measurable disease under 

RECIST. However, radiological evaluation remains necessary. For 

patients with undetectable baseline EBV DNA, imaging provides 

the only means of treatment assessment. Moreover, EBV DNA 

testing lacks a standardised threshold for defining cBR, and a 

small proportion of patients may progress despite sustained EBV 

DNA clearance (40). Sequential radiological monitoring, guided 

by iRECIST or similar criteria, therefore remains essential. Given 

the importance of tumour response rates as clinical endpoints, 

regular imaging retains considerable clinical value. 

Despite the strong performance of dynamic indicators, baseline 

features such as ECOG, baseline EBV DNA load, number of me-

tastatic lesions also carry important prognostic value (41-43). Be-

cause these data are routinely available and incur no additional 

costs, we incorporated them with dynamic response informa-

tion to construct our final model (Model4_Baseline_Combined). 

This integrative model provided superior predictive accuracy by 

synergistically combining static pre-treatment characteristics 

with post-treatment dynamics.

This study has several limitations. First, all patients in our cohort 

had detectable baseline EBV DNA. Although most patients with 

R/M NPC exhibit this feature due to greater tumour burden, 

strategies for evaluating biological response in those with unde-

tectable EBV DNA require further exploration. Second, the lack 

of assay standardisation across platforms introduces variability 

in positivity thresholds, highlighting the need for validation 

with harmonised methodologies. Third, as a single-centre study, 

external validation in other institutions and non-endemic popu-

lations is warranted. Fourthly, heterogeneity in immunotherapy 

regimens may have introduced variability in treatment response. 

Meanwhile, differences in primary treatment approaches may 

also contribute to survival variability across patients. Finally, 

longer follow-up remains necessary to confirm OS outcomes 

and strengthen conclusions regarding the long-term prognostic 

value of our combined assessment strategy. 

Conclusion
In summary, we demonstrated that early biological response as-

sessed by plasma EBV DNA dynamics complements radiological 

response in patients with R/M NPC receiving PD-1 blockade. The 

integration of baseline clinical features with early biological and 

radiological responses yielded the strongest predictive perfor-

mance for long-term survival, providing a practical framework 

for personalised treatment guidance. 
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SUPPLEMENTARY MATERIAL

Figure S1. Characteristics of baseline EBV DNA(A) Box plot showing distributional differences in baseline EBV DNA across clinical parameters. (B) 

Kaplan–Meier survival plot of progression-free survival stratified by baseline EBV DNA load using the receiver operating characteristic-determined 

cut-off value. EBV DNA, cell-free Epstein–Barr virus DNA.

Figure S2. Kaplan–Meier survival curves for progression-free survival in high- versus low-burden baseline EBV DNA groups. EBV DNA, cell-free 

Epstein–Barr virus DNA.
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Figure S3. Relationship between Imaging Response and PFS and OS in Patients with different treatment lines. Kaplan–Meier survival curves: (A) first-

line patients and (B) second-line or later patients achieving cBR/non-cBR at the first efficacy evaluation; Kaplan–Meier survival curves for (C) first-line 

patients and (D) second-line or later patients achieving SD/PD and CR/PR at the first efficacy evaluation. Abbreviations: PFS, progression-free survival; 

OS, overall survival; cBR, complete biological response; HR, hazard ratio; 95% CI, 95% confidence interval.
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Figure S4. Baseline clinical characteristics across the G1, G2, G3, and G4 phenotypes. (A) Stacked bar chart of treatment line distribution. (B) Boxplot 

of baseline log-transformed plasma EBV-DNA levels. (C–G) Stacked bar charts showing metastatic patterns: (C) number of metastases, (D) liver metas-

tasis, (E) lung metastasis, (F) bone metastasis, and (G) distant lymph-node metastasis. For stacked bar charts, an overall chi-square test was first per-

formed. When the overall P value was <0.05, post-hoc chi-square tests were conducted between groups with BH correction for multiple comparisons.
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Figure S5. Baseline independent predictors of risk factors for progression-free survival identified by backward elimination.

Figure S6. Decision curve analysis (DCA) curves at 1 year (A) and 2 years (B).
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Table S1. P-values comparing baseline characteristics between subgroups in the unadjusted and inverse probability of treatment weighting (IPTW)-

adjusted cohorts.

Radiological response Biological response Response phenotypes

UN IPTW a UN IPTW b UN IPTW a

Age 0.124 0.059 0.904 0.747 0.257 0.206

Sex 0.700 0.865 0.520 0.968 0.868 0.100

ECOG <0.001 0.929 0.001 0.453 0.053 0.238

Smoking 0.192 0.797 0.964 0.402 0.429 0.176

T stage 0.081 0.815 0.306 0.369 0.512 0.377

N stage <0.001 0.852 0.236 0.807 0.052 0.508

M stage 0.042 0.972 0.739 0.810 0.013 0.320

Bone metastases <0.001 0.791 0.708 0.979 <0.001 0.493

Liver metastases 0.259 0.173 0.166 0.968 0.090 0.279

Lung metastasis 0.220 0.235 0.161 0.383 0.3401 0.104

Distant lymph metastases 0.039 0.702 <0.001 0.595 <0.001 0.327

History of radiotherapy <0.001 0.946 0.166 0.989 0.001 0.414

Lines <0.001 0.872 <0.001 0.353 <0.001 0.481

Number of metastases 0.193 0.075 0.001 0.906 0.006 0.259

Pre-treatment plasma EBV DNA 0.256 0.182 0.003 0.983 <0.001 0.386

Abbreviations: EBV DNA Cell-free Epstein-Barr virus DNA; ECOG Eastern Cooperative Oncology Group performance status; UN unadjusted, IPTW 

inverse probability treatment weighting. a Adjusted by the IPTW algorithm: ECOG (0 vs. 1), smoking (No vs. Yes), N stage (N0 vs. N1 vs. N2 vs. N3), M 

stage (M0 vs. M1), bone metastasis (No vs. Yes), distant lymph metastasis (No vs. Yes), history of radiotherapy (No vs. Yes), treatment lines (first line vs. 

subsequent line), metastatic lesion count (≤5 vs. >5). b Adjusted by the IPTW algorithm: ECOG (0 vs. 1), M stage (M0 vs. M1), distant lymph metastases 

(No vs. Yes), treatment lines (first line vs. subsequent line), Number of metastases (≤5 vs. >5), pre-treatment plasma EBV DNA (≤7925 copies/mL vs. 

>7925 copies/mL). c Adjusted by the IPTW algorithm: age (≤46 vs. >46), ECOG (0 vs. 1), T stage (T0 vs. T1 vs. T2 vs. T3 vs. T4), N stage (N0 vs. N1 vs. N2 

vs. N3), M stage (M0 vs. M1), bone metastases (No vs. Yes), liver metastases (No vs. Yes), distant lymph metastases (No vs. Yes), history of radiotherapy 

(No vs. Yes), treatment lines (first line vs. subsequent line), Number of metastases (≤5 vs. >5), pre-treatment plasma EBV DNA (≤7925 copies/mL vs. 

>7925 copies/mL). Abbreviations: EBV DNA, cell-free Epstein–Barr virus DNA; ECOG, Eastern Cooperative Oncology Group performance status; UN, 

unadjusted; IPTW, inverse probability of treatment weighting.

Table S2 Univariate and multivariate analyses for the clinical nomogram.

Characteristic Univariate Multivariate a

HR(95% CI) P-value b HR (95% CI) P-value b

Age

≤ 46 Reference Reference

> 46 1.26(0.97-1.65) 0.085 1.15(0.87-1.54) 0.323

Sex

Female Reference

Male 0.88 (0.66-1.17) 0.383

Smoking

No Reference

Yes 1.16 (0.89 - 1.53) 0.272

ECOG

0 Reference Reference

1 1.90(1.45 - 2.49) <.001 1.73 (1.31 - 2.30) <.001
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Characteristic Univariate Multivariate a

HR(95% CI) P-value b HR (95% CI) P-value b

T stage

T0 Reference

T1 0.51 (0.19 – 1.39) 0.187 0.60 (0.22 – 1.67) 0.327

T2 1.08 (0.59 – 1.99) 0.793 1.42 (0.77 - 2.64) 0.261

T3 0.76 (0.55 - 1.04) 0.090 0.81 (0.58 - 1.14) 0.228

T4 0.92 (0.65 - 1.30) 0.637 0.86 (0.60 - 1.24) 0.422

N stage

N0 Reference

N1 0.69 (0.41 - 1.14) 0.143

N2 0.82 (0.55 - 1.22) 0.328

N3 0.91 (0.67 - 1.23) 0.538

M stage

M0 Reference

M1 1.15 (0.73 – 1.81) 0.532

Bone metastasis

No Reference

Yes 0.13 (0.863 - 1.47) 0.379

Lung metastasis

No Reference Reference

Yes 1.53 (1.17 – 2.01) 0.002 1.18 (0.87 - 1.60) 0.278

Liver metastasis

No Reference Reference

Yes 1.92 (1.45 – 2.53) <.001 1.23 (0.88 - 1.60) 0.278

Distant LN metastasis Lesions

No Reference Reference

Yes 1.27 (0.967 – 1.65) 0.086 0.92 (0.67 - 1.25) 0.578

Baseline EBV DNA

≤ 7925 copies/mL Reference Reference

> 7925 copies/mL 1.51 (1.16 - 1.96) <.001 1.78 (1.34 – 2.37) <.001

Number of metastases

≤ 5 Reference Reference

> 5 1.74 (1.34 - 2.27) <.001 1.50 (1.07 – 2.11) 0.020

History of LRRT

No Reference

Yes 1.17 (0.90 – 1.53) 0.246

a Only variables with P-values <0.1 in univariate analyses were included. b Tests performed using the Cox proportional hazards model. Abbreviations: 

CI, confidence interval; OS, overall survival; EBV DNA, cell-free Epstein–Barr virus DNA; ECOG, Eastern Cooperative Oncology Group performance sta-

tus; UN, unadjusted; LRRT, locoregional radiotherapy.
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