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Patterns of failure and prognosis @
in nasopharyngeal carcinoma according
to Epstein-Barr virus DNA status
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Abstract

Purpose To investigate the patterns of failure and prognosis in recurrent or metastatic nasopharyngeal carcinoma
(rmNPC) according to Epstein-Barr virus-DNA (EBV-DNA) status.

Methods We included NPC patients who were diagnosed with locoregional recurrence (LRR) and/(or) distant
metastasis (DM) between January 2017 and June 2024. Receiver operating characteristic analysis, Chi-square test,
Wilcoxon rank sum test, Kaplan-Meier method, and Multivariate Cox regression analyses were used for statistical
analysis.

Results This study involved 108 patients, including 105 (97.2%) who had EBV-DNA detectable at the initial diagnosis
of NPC. Regarding progression patterns, 34 patients (31.5%) experienced only LRR, while 60 patients (55.6%) had only
DM. LRR followed by DM was observed in 5 (4.6%) patients, DM followed by LRR occurred in 2 (1.8%) patients, and
both LRR and DM were presented simultaneously in 7 (6.5%) patients. EBV-DNA positivity rates significantly differed
between LRR and DM patients, at 76.9% and 97.1% respectively (P=0.003). A significant difference was also observed
in EBV-DNA levels, with a median level of 413 copies/mL for LRR and 6,550 copies/mL for DM (P < 0.001). While the
EBV-DNA positivity rate did not differ significantly between oligometastatic disease and polymetastatic disease
(P=0.493), the levels were significantly elevated in the polymetastatic disease group than the oligometastatic disease
group (P<0.001). Multivariate analysis showed that liver metastasis (P=0.012) and EBV-DNA levels > 3,525 copies/mL
at progression (P=0.009) independently correlated with poorer overall survival.

Conclusions Our study provides substantial evidence linking higher EBV-DNA levels with disease failure patterns and
identifies liver metastasis and EBV-DNA levels at disease progression as independent prognostic factors for poorer
overall survival in rmNPC patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is an epithelioid car-
cinoma originating from the nasopharyngeal mucosa and
is characterized by a unique geographical distribution.
It is predominantly found in Southeast Asia, especially
in Southern China [1, 2]. The widespread application
of intensity-modulated radiotherapy (IMRT) and sys-
temic therapy in NPC has significantly improved the
efficacy of NPC treatment. However, approximately
20-25% of patients still experience disease failure follow-
ing chemoradiotherapy [3, 4]. Distant metastasis (DM)
is the primary mode of failure in NPC, accounting for
about 70%, followed by locoregional recurrence (LRR),
which accounts for approximately 30% [3, 4]. Common
metastatic sites include the bone, lung, liver, and dis-
tant lymph nodes, with disease progression occurring
via regional lymph nodes (lymphatic route) and primary
tumors (hematogenous route). These metastases signifi-
cantly impact the survival time and life quality of patients
(5-6).

The development of NPC is closely associated with
Epstein-Barr virus (EBV) infection. EBV-DNA has dem-
onstrated high sensitivity and specificity as a tumor
marker for detecting NPC [7]. Several studies have indi-
cated that the levels of EBV-DNA before and after treat-
ment hold significant prognostic value and can serve as
an important marker for follow-up monitoring and treat-
ment adjustment [8—10]. Despite several studies from
endemic and non-endemic areas analyzing the patterns
of DM and/or LRR in NPC, there remains a scarcity of
research focusing on the relationship between EBV-DNA
status and disease failure patterns [11-14]. Therefore,
this study aimed to investigate the patterns of disease
failure and survival outcomes in recurrent or metastatic
nasopharyngeal carcinoma (rmNPC) according to EBV-
DNA status.

Materials and methods

Patients

We retrospectively included patients diagnosed with
rmNPC from January 2017 and June 2024 at the First
Affiliated Hospital of Xiamen University. Patients who
met the following criteria were included: (1) a confirmed
pathological diagnosis of NPC; (2) complete pre-treat-
ment and progression-time plasma EBV-DNA level data;
(3) comprehensive patient clinicopathological charac-
teristics and follow-up records; (4) a diagnosis with LRR
and/(or) DM during the follow-up period. Patients with
de novo metastatic disease, a history of secondary malig-
nancies, or a lack of EBV-DNA records were excluded.
This study was approved by the Ethics Committee of
the First Affiliated Hospital of Xiamen University, and
informed consent was waived as the study was retrospec-
tive in nature.
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Variables

The following variables were included in the analysis: age
at rmNPC diagnosis, gender, Eastern Cooperative Oncol-
ogy Group (ECOG) performance status, histology sub-
types, smoking history, drinking history, tumor (T) stage
at initial NPC diagnosis, nodal (N) stage at initial NPC
diagnosis, plasma EBV-DNA levels, sites of LRR, sites
of DM, and the status of DM. All patients were staged
according to the American Joint Committee on Cancer
staging system 8th edition. The status of DM was cate-
gorized as oligometastatic disease (OM) (1-2 metastatic
organs or 1-5 metastatic lesions) and polymetastatic dis-
ease (PM) (beyond OM) (15-16). The primary endpoint
of our study was overall survival (OS), defined as the time
interval from rmNPC diagnosis to death from any cause.

EBV-DNA quantification

Peripheral whole blood samples (10 mL) were collected.
Circulating EBV-DNA was extracted from the plasma
and quantified using droplet digital PCR. Plasma EBV-
DNA levels were deemed detectable (positive) if above
0 copies/mL and undetectable (negative) if at O copies/
mL [8]. The cut-off point for plasma EBV-DNA levels
in patients with newly diagnosed NPC was classified as
low-risk (<4000 copies/ml) and high-risk (=4000 cop-
ies/ml) based on previous studies [17-19]. However, the
optimal EBV-DNA cut-off point for patients with rmNPC
remains unclear. To determine the optimal cut-off point
for EBV-DNA levels in patients with disease progres-
sion, a receiver operating characteristic (ROC) curve was
employed.

Statistical analysis

Categorical variables were compared using the chi-square
test or Fisher’s exact test. The ROC curve was employed
to determine the optimal cut-off point for EBV-DNA
level associated with OS, and the maximal area under the
curve (AUC) value was chosen as the cut-off for model
building. Differences in EBV-DNA levels at progres-
sion were assessed using the Wilcoxon Rank-Sum test.
Survival estimations were performed using the Kaplan-
Meier method with differences evaluated by the log-rank
test. Univariate and multivariate Cox regression analyses
were conducted to identify independent prognostic fac-
tors associated with OS. Variables exhibiting a P value
of less than 0.10 in the univariate Cox regression model
were included in the multivariate Cox proportional haz-
ards analysis to identify the prognostic factors signifi-
cantly associated with OS. All statistical analyses utilized
the SPSS statistical software package (version 26.0; IBM
Corporation, Armonk, NY, USA). Statistical significance
was determined by a P-value of less than 0.05.
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Results

Patient characteristics

This study involved 108 patients (Table 1), with a median
age of 50 years (range, 23—79 years). At the time of ini-
tial diagnosis, 1 (0.9%) patient had stage I, 3 patients

Table 1 Patient characteristics

Variables N (%)
Gender

Men 86 (79.6)

Women 22 (204)
ECOG status

0 36 (333)

1 69 (63.9)

2 3(28)
Age (years)

<50 51(47.2)

>50 57(52.8)
Histology subtypes

WHO Il 16 (14.8)

WHO I 92 (85.2)
Smoking history

Yes 53 (49.1)

No 55 (50.9)
Drinking history

Yes 37 (34.3)

No 71 (65.7)
Clinical stage at initial diagnosis

| 1(09)

Il 3(28)

Il 53(49.1)

IVa 51472
T stage at initial diagnosis

T1-2 27 (25.0)

T3-4 81 (75.0)
N stage at initial diagnosis

NO-1 30(27.8)

N2-3 78 (62.2)
Pre-treatment EBV-DNA levels (copies/mL)

0 3(2.9)

1-3999 63 (58.3)

>4000 42 (389)
EBV-DNA levels at disease progression (copies/mL)

0 11(10.3)

1-3524 55(50.9)

>3525 42 (38.8)
The first line of treatment in LRR-only patients (n=39)

Chemotherapy 20(51.3)

Chemotherapy and immunotherapy 19 (48.7)
The first line of treatment in DM patients (n=69) *

Chemotherapy 42 (60.9)

Chemotherapy and immunotherapy 27 (39.1)

WHO, World Health Organization; T, tumor; N, nodal; LRR, locoregional
recurrence; DM, distant metastasis; ECOG, Eastern Cooperative Oncology Group

#includes 7 patients who experienced both locoregional recurrence and distant
metastasis simultaneously
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(2.8%) were at stage II, 53 (49.1%) patients were at stage
II1, and 51 (47.2%) patients were at stage I[Va. In addition,
81 (75.0%) were classified as having stage T3-4 tumors
and 78 (62.2%) were identified with stage N2-3 dis-
ease. Among these patients, 105 (97.2%) had EBV-DNA
detectable at initial diagnosis of NPC, with a median level
of 2,650 copies/mL (range, 58—310,000 copies/mL).

Patterns of disease progression and EBV-DNA levels
Regarding progression patterns (Table 2 and Supplemen-
tary Table 1), 34 patients (31.5%) experienced only LRR,
while 60 patients (55.6%) had only DM. LRR followed
by DM was observed in 5 (4.6%) patients, DM followed
by LRR occurred in 2 (1.8%) patients, and both LRR and
DM were presented simultaneously in 7 (6.5%) patients
(Fig. 1A). The median time for first progression was
22.8 months for LRR (range, 7.7-86.2 months) and 15.8
months for DM (range, 3.6—86.2 months).

Among the 39 patients (36.1%) who initially progressed
with LRR, 21 (53.8%) had recurrence confined to the
nasopharynx, 15 (38.5%) in cervical lymph nodes includ-
ing 3 patients had retropharyngeal lymph node recur-
rence, and 3 (7.7%) in both sites (Fig. 1A). EBV-DNA
positivity rates for nasopharynx-only recurrence were
76.2% (n=16) with a median level of 291 copies/mL, for
cervical lymph nodes recurrence 73.3% (n=11) with a
median level of 1,250 copies/mL, and for both sites 100%
(n=3) with a median EBV-DNA level of 580 copies/mL.
No statistical differences were found in EBV-DNA lev-
els (P=0.444) or positivity rates (P=0.773) among these
groups (Table 2).

DM was noted in 69 patients (63.9%), involving 114
metastatic sites. The most frequent metastatic sites were
bone (n=36, 52.2%), followed by liver (=30, 43.5%),
lung (n=25, 36.2%), and distant lymph nodes (n=23,
33.3%) (Fig. 1B). All patients with bone metastases were
EBV-DNA positive (100%), with a median EBV-DNA
level of 6,150 copies/mL. In the case of liver metastasis,
all patients were EBV-DNA positive, with a median level
of 12,650 copies/mL. Among lung metastasis patients, 23
out of 25 (92.0%) were EBV-DNA positive, with a median
level of 6,550 copies/mL. For distant lymph node metas-
tasis, all patients were EBV-DNA positive, with a median
level of 15,575 copies/mL. There were no significant dif-
ferences in EBV-DNA positivity rates (P=0.086) or levels
(P=0.715) across these metastatic sites (Table 2).

EBV-DNA positivity rates significantly differed
between LRR and DM patients, at 76.9% and 97.1%
respectively (P=0.003). A significant difference was
also observed in EBV-DNA levels, with a median level
of 413 copies/mL for LRR and 6,550 copies/mL for DM
(P<0.001) (Table 2). Similar results were observed in
patients with LRR only (#=39), DM only (n=62), and
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Table 2 Failure patterns with EBV-DNA levels and EBV-DNA positive rate at the time of progression
Failure patterns N (%) Number of Number of Median EBV-DNA levels P* P*
patients with patients with (range, copies/mL)
EBV-DNA positive EBV-DNA nega-
(%) tive (%)
Failure patterns (n=108)
LRR 39(36.1) 30(76.9) 9(23.1) 413 (33-33,500) 0.003 <0.001
DM * 69 (63.9) 67 (97.1) 2(2.9) 6,550 (20— 1,962,500)
LRR sites (n=39)
Only nasopharynx 21(53.8) 16 (76.2) 5(23.8) 291 (33-2,820) 0.773 0444
Only cervical lymph nodes 15 (38.5) 11(73.3) 4(26.7) 1,250 (78 —33,500)
Both 3(7.7) 3(100) 0(0) 580 (41-1,670)
Sites of DM (entire cohort) (n=114)
Bone 36 (52.2) 36 (100) 0(0) 6,150 (50— 1,962,500) 0.086 0.715
Liver 30 (43.5) 30 (100) 0(0) 12,650 (388-1,962,500)
Lung 25(36.2) 23(92.0) 2 (8.0) 6,550 (20— 1,962,500)
DLNs 23(33.3) 23 (100) 0(0) 15,575 (203-1,962,500)
Sites of DM (single organ metastasis)
(n=41)
Only bone 18 (26.1) 18 (100) 0(0) 2,888 (50-237,750) 0.187 0.335
Only liver 10 (14.5) 10 (100) 0(0) 4,875 (388—281,000)
Only lung 10 (14.5) 8(80.0) 2(20.0) 3,413 (20-34,000)
Only DLNs 3(4.3) 3(100) 0(0) 1,250 (585-1,560)
Metastatic status (n=69)
oM 35(50.7) 33(94.3) 2(5.7) 1,545 (20-237,750) 0493 <0.001
PM 34 (49.3) 34 (100) 0(0) 18,188 (50— 1,962,500)

* indicates the P-value between those with EBV-DNA positive and EBV-DNA negative using the chi-square test or Fisher’s exact test

*indicates the P-value between the EBV-DNA levels among the groups using the Wilcoxon Rank-Sum test

#includes 7 patients who experienced both locoregional recurrence and distant metastasis simultaneously

LRR, locoregional recurrence; DM, distant metastasis; DLNs, distant lymph nodes; OM, oligometastatic disease; PM, polymetastatic disease

those with both LRR and DM concurrently (n=7), as
shown in Supplementary Table 2.

Within the DM group (n=69), 35 patients (50.7%) were
classified as having OM, and 34 patients (49.3%) as PM.
At progression, 33 patients (94.3%) in the OM group
were EBV-DNA positive, with a median level of 1,545
copies/mL. All PM patients (100%) were positive for
EBV-DNA, with a median EBV-DNA level of 18,188 cop-
ies/mL. While the EBV-DNA positivity rate did not differ
significantly between OM and PM (P=0.493), the levels
were significantly elevated in the PM group compared to
the OM group (P<0.001) (Table 2).

For patients with single organ metastasis (n=41), 18
(43.9%), 10 (24.4%), 10 (24.4%), and 3 (7.3%) had bone,
liver, lung, and distant lymph node metastasis, respec-
tively. However, there were no significant differences in
EBV-DNA positivity rates (P=0.187) or levels (P=0.335)
across these metastatic sites (Table 2).

Failure patterns in pre-treatment EBV-DNA positive
patients

In our analysis of 105 patients with detectable EBV-
DNA at initial diagnosis (Fig. 2A), 37 patients exhib-
ited only LRR at the first progression. Among these, 30

patients (81.1%) retained positive EBV-DNA status,
while 7 patients (18.9%) did not. Notably, 4 patients
went on to develop DM at the second progression, all of
whom tested positive for positive EBV-DNA. This group
included two patients who were initially negative and two
who were initially positive for EBV-DNA during the first
progression.

Furthermore, 61 patients experienced only DM at first
progression, with 60 (98.4%) showing positive EBV-DNA
and 1 (1.6%) remaining negative. Two patients developed
LRR at the second progression, both with persistent posi-
tive EBV-DNA from the first progression. In addition, 7
patients had concurrent LRR and DM at first progres-
sion, all of whom were positive for EBV-DNA.

Failure patterns in pre-treatment EBV-DNA negative
patients

Three patients had undetectable EBV-DNA at the initial
diagnosis of NPC (Fig. 2B). Of these, two developed LRR
with negative EBV-DNA at the first progression, while
one progressed to DM at the second progression. Only
one patient manifested DM at first progression while
maintaining a negative EBV-DNA status throughout the
follow-up period.



Guo et al. Infectious Agents and Cancer (2025) 20:6

A

Cervical lymph nodes

Liver

Bone

Page 5 of 11

Nasopharyngeal

Lung

Distant lymph nodes

Fig. 1 The distribution of disease failure in patients (A: locoregional recurrence only [n=39]; B: distant metastasis [n=69, including 7 patients with con-

current locoregional recurrence and distant metastasis])

Survival and prognostic analysis

The median follow-up period for this cohort post-disease
failure was 38.8 months (range, 0.5-90.8 months). The
median OS was calculated at 38.1 months (range, 0.5—
90.8 months), with 1-year, 2-year, and 3-year OS rates of
74.9%, 58.1%, and 52.9%, respectively.

Examining survival relative to metastatic sites, patients
without bone metastasis exhibited a trend toward better
OS compared to those with bone metastasis (median OS:
51.2 vs. 23.2 months, P=0.152), though this difference
was not statistically significant (Fig. 3A). A significant
survival advantage was observed in patients without liver
metastasis compared to those with liver involvement
(median OS: 54.0 vs. 14.3 months, P<0.001) (Fig. 3B).
No significant survival differences were noted for lung
(median OS: 43.6 vs. 22.8 months, P=0.599) or distant

lymph node metastasis (median OS: 43.6 vs. 24.6 months,
P=0.912).

The EBV-DNA level cut-off at progression was estab-
lished at 3,525 copies/mL for predicting OS (Fig. 4).
Patients with EBV-DNA levels>3,525 copies/mL at pro-
gression had significantly shorter OS compared to those
with lower levels (median OS: 20.5 vs. 54.0 months,
P<0.001) (Fig. 3C). While patients with OM tend to have
longer OS than those with PM (median OS: 43.6 vs. 20.5
months), no significant difference was found (P=0.191)
(Fig. 3D).

In the univariate analysis, liver metastasis (hazard ratio
[HR] 2.854, 95% confidence interval [CI] 1.548-5.262,
P=0.001) and the EBV-DNA levels>3,525 copies/mL at
progression (HR 2.759, 95% CI 1.570-4.849, P<0.001)
were significantly associated with OS. Multivariate
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Fig. 2 Failure patterns according to EBV-DNA status in patients with pre-treatment positive EBV-DNA (A) and pre-treatment negative EBV-DNA (B)
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Fig. 4 Receiver operating characteristic curve analysis for assessing the optimal cut-off value of EBV DNA levels at disease progression on overall survival

analysis further confirmed that liver metastasis (HR
2.261, 95% CI 1.193-4.287, P=0.012) and EBV-DNA lev-
els>3,525 copies/mL at progression (HR 2.239, 95% CI
1.226-4.089, P=0.009) independently correlated with
poorer OS (Table 3).

Discussion

In this study, we explored the patterns of disease failure
and survival outcomes in rmNPC with respect to EBV-
DNA levels. Our findings indicated distinct patterns of
disease failure based on EBV-DNA levels, which showed
that patients with liver metastasis and higher EBV-DNA
levels experienced significantly poorer OS.

EBV-DNA is derived from tumor cells and serves as an
effective biomarker for detecting LRR and DM, highlight-
ing its diagnostic and prognostic significance for NPC
[12, 20]. Our study showed that 76.9% of LRR patients
had positive EBV-DNA, compared to 97.1% of DM
patients. Furthermore, there was a significant difference
in EBV-DNA levels between the LRR and DM groups
(P<0.001). This aligns with findings by Hong et al., who
reported detectable EBV-DNA in 81.5% of patients with
disease failure, with 65.4% positive in the LRR group and

96.4% in the DM group [21]. Hsu et al. also observed
median EBV-DNA levels of 1,965 copies/mL in DM
patients compared to 264 copies/mL in LRR patients
[10], consistent with our results. Radiotherapy-induced
local fibrosis and vascular occlusion can impede EBV-
DNA release into circulation, explaining the elevated
EBV-DNA levels in DM patients relative to those with
LRR. The lower EBV-DNA positivity rate in LRR patients
(76.9%) compared to those with DM or those undergo-
ing initial treatment highlights EBV-DNA'’s potential as a
biomarker for differentiating between distant and locore-
gional disease progression [22]. Elevated EBV-DNA
levels may signify a higher systemic disease burden, indi-
cating more aggressive tumor behavior and a propensity
for metastasis beyond the primary site.

Our study found no significant association between ele-
vated EBV-DNA levels and specific sites of organ metas-
tasis or LRR. However, higher EBV-DNA levels may
reflect the tumor burden and dynamics in rmNPC, sug-
gesting its value as a marker for monitoring disease status
and progression. These findings are consistent with lit-
erature emphasizing EBV-DNA’s utility in NPC manage-
ment [23-25]. Close surveillance should be considered
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Table 3 Univariate and multivariate analysis of prognostic factors to overall survival
Variables Univariate Multivariate
HR 95% Cl P HR 95% Cl P

Age (years)

<50 1 —

>50 1.391 0.802-2.415 0.240 — — —
Gender

Male 1 —

Female 0.770 0.361-1.638 0497 — — —
Smoking history

No 1 —

Yes 1514 0.864-2.651 0.147 — — —
Alcoholic history

No 1 —

Yes 0.905 0.507-1.615 0.737 — — —
Bone metastasis

No 1 —

Yes 1.989 0.856-2.671 0.155 — — —
Liver metastasis

No 1 1

Yes 2.854 1.548-5.262 0.001 2.261 1.193-4.287 0.012
Lung metastasis

No 1 —

Yes 1.193 0.615-2.307 0.599 — — —
DLNs metastasis

No 1 —

Yes 1.038 0.534-2.018 0912 — — —
Failure patterns

OM=LRR 1 —

PM+LRR 1.447 0.750-2.792 0.271 — — —

Only LRR 0919 0.447-1.892 0.819 — — —
DM *

No 1 —

Yes 1.283 0.687-2.396 0434 — — —
LRR

No 1 —

Yes 0.830 0.463-1.488 0.531 — — —
EBV-DNA levels at progression (copies/mL)

<3525 1 1

>3525 2759 1.570-4.849 <0.001 2239 1.226-4.089 0.009

OS, overall survival; HR, hazard ratio; Cl, confidence interval; LRR, locoregional recurrence; DM, distant metastasis; DLNs, distant lymph nodes; OM, oligometastatic

disease; PM, polymetastatic disease

*includes 7 patients who experienced both locoregional recurrence and distant metastasis simultaneously

for patients with elevated EBV-DNA, while less frequent
monitoring may suffice for those with undetectable lev-
els post-treatment, optimizing resources and reducing
patient burden. Current NPC follow-up protocols include
monitoring locoregional areas and distant organs like the
lungs, liver, and bones [26, 27]. The ESMO guidelines
recommend annual plasma EBV-DNA evaluation for
recurrence diagnosis [26], while the Chinese Society of
Clinical Oncology advises assessment every 3—6 months
during the first three years post-treatment [27]. Our
study shows most patients with detectable EBV-DNA

at initial diagnosis retained this status after treatment
failure. The median time to first LRR and DM was 22.8
and 15.8 months, respectively, suggesting that future
follow-up models could benefit from an EBV-DNA-
driven approach, especially in the first three years post-
diagnosis. This strategy offers a non-invasive monitoring
option, advantageous compared to traditional imaging
that involves radiation or invasive procedures. However,
a consistent standard for EBV-DNA detection in NPC is
currently lacking [24, 28]. To effectively integrate EBV-
DNA into clinical practice, standardized measurement
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and interpretation protocols are necessary. Collaborative
efforts across institutions might help develop consensus
guidelines, ensuring consistent and accurate use of this
biomarker in routine NPC management.

Interestingly, while patients with PM had significantly
higher EBV-DNA levels than those with OM, OS did not
differ significantly between these groups. Advances in
systemic therapies, including targeted therapies, immu-
notherapies, and improved chemotherapeutic regimens
[29-31], may have contributed to enhancing OS, regard-
less of metastasis extent.

In our study, three patients with initially negative EBV-
DNA remained negative throughout treatment and dis-
ease progression, with OS durations of 4.3, 39.8, and 54.0
months, respectively. As negative EBV-DNA cases are
relatively rare in the Chinese population, there is limited
understanding of their clinical characteristics and the
prognostic differences between EBV-DNA positive and
negative patients. A large multi-center study suggested
that EBV-DNA positive patients tended to achieve bet-
ter survival compared to negative patients, potentially
indicating a need for enhanced systemic therapies for
the latter group [32]. Additionally, the systemic infection
response index may provide more accurate risk stratifica-
tion and prognosis predictions for patients with negative
EBV-DNA. It highlights the need for increased attention
to these patients, focusing on inflammatory and immune
indicators, essential pre-treatment examinations, and
close monitoring to develop precise treatment strategies
tailored to individual conditions [33].

Liver metastasis is also a common site for DM in NPC
[34, 35]. Multiple studies have identified liver metastasis
as a major prognostic factor in rmNPC, with a signifi-
cantly worse prognosis than other metastatic sites [34—
36]. In our study, patients without liver metastasis had
significantly better OS than those with liver metastasis
(median OS: 54.0 vs. 14.3 months, P<0.001). The liver’s
extensive vascularization may facilitate the dissemina-
tion and proliferation of metastatic tumor cells. Although
our study was conducted in the era of immunotherapy,
the liver’s immunosuppressive microenvironment might
hinder the effectiveness of such treatments [33, 36].
Consequently, liver metastasis not only signifies a more
aggressive disease phenotype but also presents unique
biological challenges adversely affecting patient progno-
sis. Therefore, exploring more active and effective local
and systemic treatment strategies for patients with liver
metastasis is critical. Recent research focuses on enhanc-
ing immunotherapy effectiveness through approaches
like stereotactic body radiation therapy [33, 37].

Our study also found that patients with rmNPC dis-
playing elevated EBV-DNA levels (=3,525 copies/mL)
had significantly poorer OS. This aligns with previ-
ous research identifying EBV-DNA levels as a robust
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prognostic marker in NPC post-treatment and in rmNPC
settings [23-25, 38, 39]. These findings suggest that EBV-
DNA levels not only indicate tumor load but also the dis-
ease’s aggressiveness. Monitoring EBV-DNA levels can
aid in risk stratification and inform treatment decisions,
potentially identifying patients who may benefit from
more aggressive therapeutic strategies or closer post-
treatment surveillance.

Several limitations of this study should be noted.
Firstly, the retrospective design and potential selection
biases may affect the generalizability of our findings. Sec-
ondly, the relatively small sample size in certain meta-
static subgroups might limit the statistical power of our
conclusions. Thirdly, the study did not account for the
treatment modalities in patients experiencing disease
failure, which may impact the results. Finally, variations
in EBV-DNA testing standards across different studies
may also affect the consistency of the outcomes.

Conclusion

In conclusion, our study provides substantial evidence
linking higher EBV-DNA levels with disease failure pat-
terns and identifies liver metastasis and EBV-DNA levels
at disease progression as independent prognostic fac-
tors for poorer OS in rmNPC patients. These findings
underscore the importance of EBV-DNA as a prognos-
tic biomarker and advocate for personalized therapeu-
tic strategies that consider metastatic profiles and viral
dynamics. Future prospective studies with larger, more
diverse cohorts are essential to validate these find-
ings and further elucidate the role of EBV-DNA in NPC
pathogenesis and progression.
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