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Introduction: To evaluate the prognostic value of circulating Epstein-Barr virus DNA for extra-
nodal natural killer/T-Cell lymphoma, nasal type (ENKTL), we performed a meta-analysis of pub-
lished studies that provided survival information with pre-/post-treatment circulating EBV DNA.
Methods: Eligible studies that discussed prognostic significance of circulating EBV DNA in
ENKTL were included. Random effects models were applied to obtain the estimated hazard
ratios and 95% confidence intervals to evaluate prognostic significance (OS and DFS/PFS).
Eleven studies covering a total of 562 subjects were included in this analysis.

Results: The summary HRs and 95% Cls of pre-treatment EBV DNA for OS and PFS/DFS were
4.43 (95% C12.66-7.39, P<0.00001) and 3.12 (95% CI 1.42—-6.85, P=0.005), respectively. The
corresponding HRs and 95% Cls of post-treatment EBV DNA for OS and PFS/DFS were 6.28
(95% CI2.75-14.35, P<0.0001) and 6.57 (95% CI 2.14-20.16, P=0.001). Subgroup analyses
indicated a strong trend of prognostic powers with pre-/post-treatment EBV DNA.
Conclusion: With the present evidence, circulating EBV DNA consistently correlated with
poorer prognosis in patients with ENKTL which need further investigation in large-scale clini-
cal studies.
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Introduction

Extranodal natural killer (NK)/T-cell lymphoma, nasal type (ENKTL-NT) is an aggres-
sive malignancy of putative NK-cell origin, with a minority deriving from the T-cell
lineage, which presents peculiar clinicopathological features, including angioinvasion,
prominent necrosis, and close association with Epstein—Barr virus (EBV).!? It occurs
most commonly (80%) in the nose and upper aerodigestive tract, and less commonly
(20%) in the non-nasal areas (skin, gastrointestinal tract, testis, salivary gland). It gen-
erally pursues an aggressive clinical course and has a poor outcome.? Despite recent
application of PET/CT in diagnosis,* concurrent chemoradiotherapy in early-stage
patients,>”’ and newly developed chemotherapy regimen containing L-asparaginase,®’
it still presents a poor prognosis without an established standard therapy.

Previous studies have identified several prognostic clinicopathological features
of ENKTL, including age, primary sites, Ann Arbor stage,'® International prognostic
index,!! and Korea-developed NK/T-cell prognostic index.!? However, varying outcomes
have been observed in patients with similar prognostic features and undergoing similar
therapies, suggesting inherent heterogeneity of tumor and insufficiency of existing
prognostication.'* Although several biomarkers have been reported as a prognostic
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surrogate, prognostic prediction in ENKTL is still dismal.
Therefore, it is of great clinical value to identify novel
biomarkers, which could be utilized as effective prognostic
predictors or possible therapeutic targets, in order to optimize
the treatment of patients with ENKTL.

EBYV is a human herpes virus that has been confirmed to
be in close association with several lymphoid and epithelial
malignancies.'*!5 It has been reported that inappropriate
expression of EBV latent genes combined with environment
and genetic cofactors may result in virus-associated malig-
nancies.!® In EBV-associated nasopharyngeal carcinoma
(NPC), the putative tumorigenic role has been thoroughly
studied and revealed in large-scale studies that circulating
EBYV DNA is correlated with tumor load and disease progno-
sis.'”! Circulating EBV DNA has been detected in plasma or
serum in lymphomas, including ENKTL, Hodgkin’s disease,
AIDS-related lymphoma, and diffuse large B-cell lymphoma.
Due to the rarity of ENKTL, there is only several small series
of studies that reported the prognostic effect of circulating
EBV DNA, with various clinical stages, primary locations
and treatment regimens.

Hence, we conducted the present meta-analysis to com-
prehensively explore the potential prognostic impact of
circulating EBV DNA in ENKTL.

Materials and methods

Search strategy

We searched systematically PubMed, Embase, the Science
Citation Index, Cochrane databases, and the Ovid Database
for studies discussed prognostic significance of circulating
EBV DNA in ENKTL, with no restrictions on language,
place of publication, or date of publication (up to June 2017).
The main search terms explored were “Epstein-Barr virus”,
“EBV”, “EBV load”, “Natural killer/T-cell lymphoma”,
“NK/T-cell lymphoma”, and “ENKTL”.

Eligibility criteria

To yield potential relevant publications, we screened the
titles and abstracts and author information. Full texts were
considered for detailed assessment according to the follow-
ing inclusion criteria: 1) containing patient cases of ENKTL,
2) measuring the titer of circulating EBV DNA in either
plasma or whole blood, and 3) investigating the prognostic
significance of EBV DNA titers in ENKTL patients with
at least one of the outcome measures of interest. Studies
excluded from our study were those that: 1) were duplicated
publications, and 2) showed no survival data or insufficient
data to be extracted.

Data extraction

Two investigators (CW and YZ) independently evaluated
each paper and extracted data, and any discrepancy between
the 2 researchers was resolved via discussion, with a third
investigator if necessary. The following information was
extracted: first author, publication year, type of studies,
population characteristics (i.e., country, number of patients),
clinicopathological characteristics (i.e., anatomical sites,
tumor stage), sampling time (pre-treatment, intra-treatment,
or post-treatment), detection methods (reverse transcription-
polymerase chain reaction [RT-PCR]), EBV DNA positive
rate, median EBV DNA copies, end points, and survival
data. For 1 study using 2 different primer sets for LMP1 and
Bam HI W fragment by RT-PCR, each of the cohorts was
considered an independent data set.

Statistical approaches

Statistical analysis was performed using Review Manager 5.2
(Copenhagen: The Nordic Cochrane Centre; The Cochrane
Collaboration, 2012).>> The estimated hazard ratio (HR)
and associated 95% CI were used to evaluate prognostic
significance (overall survival [OS] and disease-free survival/
progression-free survival [DFS/PFS]). If the HR and its vari-
ance were not reported directly in the original study, these
values were calculated based on survival data or survival
curves using software designed by Tierney.* The random-
effects model was explored to perform the analyses, because
this model obtained more conservative results than the
fixed-effect model.”! Heterogeneity among the studies was
tested using the y? test and I? statistic. A value of ’<25%,
within 25%—-50%, or >50% was regarded as low, moderate,
or significant heterogeneity, respectively. We then evaluated
the potential publication bias with funnel plots. The quality of
the included studies was assessed with the Newcastle-Ottawa
scale (NOS) for cohort studies.?

Results

Baseline characteristics

The comprehensive literature search was performed till June
2017, yielding a total of 406 studies. Among these studies,
356 publications were identified as non-English publica-
tions, duplicates, or laboratory researches. The remaining 50
studies were thoroughly reviewed, of which 11 studies were
appropriate for the meta-analysis (Figure 1).

Eleven studies (sample size from 15 to 120) with 562
patients, basically located in East Asia, were published
between 2002 and 2016.2-33 All the included publications
provided data on the correlation between circulating EBV
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406 studies retrieved through

database searching

Title/abstract/language/
other information
screening

356 irrelevant studies

50 relevant studies for detailed

assessment

Full-text evaluation

15 eligible studies

11 reviews
2 other tumors
22 laboratory study

4 studies could not be
calculated for analysis

11 studies included in the final

analysis

Figure | Selection of studies.
Note: Flow diagram showing the selection process for the enrolled studies.

DNA and prognosis in patients with ENKTL. There were
4 studies designed prospectively®*?7?*3 and the remain-
ing retrospectively. The most employed detection methods
were RT-PCR, with 1 study from Japan®* using 2 different
primer sets for LMP1 and Bam HI W fragment, which was
considered as 2 independent data sets. For the sample types
of included studies, 5 studies used EBV DNA detection in
plasma, 1 study used serum, 3 studies from whole blood, 1
study from plasma/MNC, and 1 study from plasma/whole
blood. Positive rates of detected EBV DNA irrespective of
methods and time points varied from 4.20% to 100% in
extracted studies. The characteristics of the included stud-
ies are summarized in Table 1. The quality of the included
studies was evaluated with NOS and summarized in Table 2.

Correlation between EBV DNA and

survival outcome

Pre-treatment EBV DNA and OS

A total of 10 cohorts evaluated the relationship between
pre-treatment EBV DNA and OS, with 7 cohorts giving the
HRs and 95% CIs for OS directly; the HRs in the remain-
ing studies were extracted using the survival curves with
P-values. The y? test showed low heterogeneity among the
studies (P=0.34; I’=11%). The combined pooled HR of the
aforementioned studies by a random-effects model was 4.43
(95% CI: 2.66-7.39, P<0.00001), indicating that high EBV
DNA load was significantly associated with a poor OS in
patients with ENKTL (Figure 2A).

Pre-treatment EBV DNA and DFS/PFS
Five articles reporting the correlation between pre-treatment
EBYV DNA load and DFS/PFS and 6 cohorts were included

for meta-analysis. HR and 95% CI for DFS/PFS were directly
extracted from the study reported from 2 cohorts by Ishii et
al. The x? test showed moderate heterogeneity among the
aforementioned studies (P=0.12; ’=43%). The pooled HR
with a random-effects model was 3.12 (95% CI: 1.42-6.85,
P=0.005), suggesting lower DFS/PFS in ENKTL patients
with higher circulating EBV DNA load (Figure 2B).

Post-treatment EBV DNA and OS

A total of 6 cohorts evaluated the relationship between
post-treatment EBV DNA. The y? test showed high hetero-
geneity among the studies (P=0.04; ’=57%). The combined
pooled HR of the aforementioned studies by a random-
effects model was 6.28 (95% CI: 2.75-14.35, P<0.0001),
indicating that high post-treatment EBV DNA load was
significantly associated with a poor OS in patients with
ENKTL (Figure 3A).

Post-treatment EBV DNA and DFS/PFS

Four articles reporting the correlation between post-treatment
EBV DNA load and DFS/PFS were included for meta-
analysis. The y? test showed high heterogeneity among the
aforementioned studies (P=0.007; I’=75%). The pooled HR
with a random-effects model was 6.57 (95% CI: 2.14-20.16,
P=0.001), suggesting a meaningful relationship of a lower
DFS/PFS in ENKTL patients with higher post-treatment
circulating EBV DNA load (Figure 3B).

Subgroup analysis

To clarify the intra-study inconsistencies, we further evalu-
ated the relationship between pre-/post-treatment EBV DNA
and OS in the following subgroup analysis (Table 3).
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Table 2 Assessment of study quality using the Newcastle—Ottawa scale

References Selection (0-4) Comparability (0-2) Outcome (0-3) Total
REC SNEC AE DO SC AF AO FU AFU

Lei et al 20022
Ishii et al 2007
Suzuki et al 2011%
Wang et al 2012%
Ito et al 2012%
Kwong et al 2014%
Kim et al 2015%
Wang et al 2015%
Kim et al 20153
Liang et al 2016
Lim et al 2016

OO0 OO0 —0 0 — o —

O O O O O O O o o o o
O O O O OO O o o o o

| 0
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

——— - —0o0o0——o0
I NN - NI N> NI NIRRT BT B T,

o

Notes: “|” means that the study satisfied the item, and “0” means the opposite situation.

Abbreviations: AE, ascertainment of exposure; AF, study controls for any additional factors (chemoradiotherapy, curative resection); AFU, adequacy of follow-up of
cohorts; AO, assessment of outcome; DO, demonstration that outcome of interest was not present at start of study; FU, follow-up long enough for outcomes to occur;
REC, representativeness of the exposed cohort; SC, study controls for age, sex; SNEC, selection of the non-exposed cohort.

A Hazard ratio IV, Hazard ratio IV,

Study or subgroup log (Hazard ratio) SE Weight random, 95% CI random, 95% CI

Ishii et al 200724 1.6145 0.7181 11.6% 5.03 (1.23-20.53)

Ishii et al 20072 5.4281 2.1635 1.4% 227.72 (3.28-15811.33)

Ito et al 201227 2.3283 0.6447  13.9% 10.26 (2.90-36.30)

Kim et al 2015%° 1.632 0.6964  12.2% 5.11 (1.31-20.02)

Lei et al 200223 0.6421 0.7702  10.2% 1.90 (0.42-8.60)

Liang et al 201632 1.2499 0.608 15.4% 3.49 (1.06-11.49)

Lim et al 201633 0.5128 0.6052 15.5% 1.67 (0.51-5.47)

Suzuki et al 2011%° 2.3641 1.0724 5.6% 10.63 (1.30-87.00)

Wang et al 2012% 1.8733 0.7698 10.2% 6.51 (1.44-29.43)

Wang et al 2015%° 1.0438 1.2607 41% 2.84 (0.24-33.61)

Total (95% CI) 100.0% 4.43 (2.66-7.39)

Heterogeneity: 2 = 0.07; %> = 10.09, df=9 (P = 0.34); # = 11%

Test for overall effect: Z=5.71 (P < 0.00001) 0.01 High EB\(/).I1DNA load L Low EB1V0DNA load 100
B Hazard ratio IV, Hazard ratio IV,

Study or subgroup log (Hazard ratio) SE Weight random, 95% CI random, 95% CI

Ishii et al 200724 1.4272 0.6569 19.5% 4.17 (1.15-15.10)

Ishii et al 200724 44978 1.6966  4.9%  89.82 (3.23-2497.57)

Liang et al 201632 0.5068 0.9459 12.5% 1.66 (0.26-10.60)

Lim et al 201633 0.5365 0.5014 24.9% 1.71 (0.64-4.57)

Wang et al 201228 10061 0.6936 18.4% 7.36 (1.89-28.66)

Wang et al 2015%° 0.3716 0.6445 19.9% 1.45 (0.41-5.13)

Total (95% Cl) 100.0% 3.12(1.42-6.85)

Heterogeneity: 1> = 0.40; x> = 8.80, df = 5 (P = 0.12); I> = 43% 0.01 01 1 10 100

Test for overall effect: Z = 2.83 (P = 0.005) ' High EBV DNA load Low EBV DNA load

Figure 2 Estimated hazard ratios for OS and PFS/DFS in pre-treatment group.
Notes: (A) Forest plot of OS in pre-treatment group. (B) Forest plot of PFS/DFS in pre-treatment group.
Abbreviations: DFS, disease-free survival; EBV, Epstein—Barr virus; OS, overall survival; PFS, progression-free survival.

Type of samples: Plasma/serum and whole  same relationship was found between post-treatment EBV
blood/mononuclear cell (M NC) DNA and OS in subgroup analysis.

Pre-treatment EBV DNA is significantly correlated with OS

in both plasma/serum and whole blood/MNC subgroups. The Tumor sites: upper aerodigestive tract

HR and 95% CI for OS in plasma/serum and whole blood/ NK/T-cell Iym phoma (UNKTL) and others
MNC subgroups were 5.30 (95% CI: 3.01-9.33, P<0.00001)  When considering primary tumor sites, we further evaluated
and 5.30 (95% CI: 1.68-16.75, P=0.005), respectively. The = combined HR and 95% CI for OS in separated subgroups.
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A Hazard ratio 1V, Hazard ratio IV,
Study or subgroup log (Hazard ratio) sg Weight  random, 95% ClI random, 95% CI
Ishii et al 200724 1.8797 0.8452 13.8% 6.55 (1.25-34.34)
Kim et al 2015%° 1.012 0.4747 221% 2.75 (1.09-6.98)
Kwong et al 20142 2.5559 0.5081 21.3%  12.88 (4.76-34.87)
Lei et al 20022 0.8225 0.8696 13.3% 2.28 (0.41-12.51)
Wang et al 2015%° 3.8338 0.9278 12.4% 46.24 (7.50-284.93)
Wang et al 201228 1.3273 0.6772 17.2% 3.77 (1.00-14.22)
Total (95% Cl) 100.0% 6.28 (2.75-14.35)

Heterogeneity: 1> = 0.58; % = 11.52, df = 5 (P = 0.04); /> = 57%

e 0.01 0.1 1 10 100
Test for overall effect: Z = 4.36 (P < 0.0001) Favors high EBV DNAload Favors low EBV DNA load
B Hazard ratio IV, Hazard ratio IV,
Study or subgroup log (Hazard ratio) SE  Weight random, 95% ClI random, 95% CI
Ishii et al 20072 1.975 0.8584 19.5% 7.21(1.34-38.76)
Kim et al 20157 1.2795 0.4137 29.4% 3.59 (1.60-8.09)
Wang et al 2015%° 3.7552 0.7108 22.6% 42.74 (10.61-172.15)
Wang et al 201226 3.9548 0.4503 28.6% 2.60 (1.07-6.28)
Total (95% Cl) 100.0% 6.57 (2.14-20.16)
it 12 = c 2= - - - 2 = 759
_ll-_iet?;ogeneltyli ‘cff ?924—)% 2912":.,03,0(2‘013 (P =0.007); F=75% 0.01 0.1 1 10 100
est for overall effect: Z = 3.29 ( :001) Favors high EBV DNAload Favors low EBV DNA load
Figure 3 Estimated hazard ratios for OS and PFS/DFS in post-treatment group.
Notes: (A) Forest plot of OS in post-treatment group. (B) Forest plot of PFS/DFS in post-treatment group.
Abbreviations: DFS, disease-free survival; EBV, Epstein-Barr virus; OS, overall survival; PFS, progression-free survival.
Table 3 Results of subgroup analysis on OS
Variables Pre-treatment Post-treatment
HR (95% CI) n I* (%) P-value HR (95% CI) n 1> (%) P-value
Sample types
Plasma/serum 5.30 (3.01-9.33) 8 | 0.42 8.25 (4.43-15.36) 5 49 0.10
Whole blood/MNC 5.30 (1.68-16.75) 4 58 0.07 2.75 (1.09-6.98) | - -
Tumor sites
UNKTL 7.24 (1.24-42.10) 3 38 0.20 4.68 (1.66—13.19) 2 0 0.61
Others 4.15 (2.40-7.17) 3 8 0.37 7.29 (2.13-24.91) 4 73 0.01
Type of study
Prospective 3.05 (1.52-6.11) 6 15 0.32 46.24 (7.50-284.93) | - -
Retrospective 7.53 (3.60-15.78) 4 0 0.88 4.90 (2.86-8.40) 5 35 0.19
Sample sizes
N>30 4.81 (2.15-10.79) 4 0 0.76 7.75 (2.54-23.61) 4 71 0.02
N<30 4.43 (1.96-10.06) 6 44 0.12 3.92 (1.20-12.86) 2 0 0.38
Note: “~” = no results.

Abbreviations: HR, hazard ratio; MNC, mononuclear cells; OS, overall survival; UNKTL, upper aerodigestive tract NK/T cell lymphoma.

In UNKTL subgroup, the HR and 95% CI for OS was 7.24
(95% CI: 1.24-42.10, P=0.03). Meanwhile, in the subgroup in
which the primary tumor was not limited to UNKTL, the HR
and 95% CI for OS was 4.15 (95% CI: 2.40-7.17, P<0.00001).
In included studies evaluating the relationship between post-
treatment EBV DNA and OS, the HR and 95% CI for OS was
4.68 (95% CI: 1.66—-13.19, P=0.003) in ENKTL subgroup,
and 7.29 (95% CI: 2.13-24.91, P=0.002) in the subgroup in
which the primary tumor was not limited to ENKTL.

Type of study: prospective and

retrospective
Prospective and retrospective cohorts were both enrolled
in this meta-analysis. In further subgroup analysis, the

relationship between EBV DNA and OS remains statistically
significant in either prospective or retrospective subgroups.
The HR and 95% CI for OS in prospective and retrospective
subgroups were 7.53 (95% CI: 3.60-15.78, P<0.00001) and
3.05 (95% CI: 1.52-6.11, P=0.002), respectively. Similar
result was found between post-treatment EBV DNA and OS
in subgroup analysis.

Sample sizes: N>30 and N<30

In subgroup with large patient number, the HR and 95% CI
for OS was 4.81 (95% CI: 2.15-10.79, P=0.0001). Mean-
while, in the subgroup with patient number <30, the HR and
95% CI for OS was 4.43 (95% CI: 1.96-10.06, P=0.0004).
When considering the relationship between post-treatment
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EBV DNA and OS, the HR and 95% CI for OS was 7.75
(95% CI: 2.54-23.61, P=0.0003) in subgroup with large
patient number and 3.92 (95% CI: 1.20-12.86, P=0.02) in
subgroup with patient number <30.

Sensitivity analysis and publication bias
There was no obvious publication bias seen in this meta-
analysis (Figure 4A and B)

Discussion

The standard of care for patients with ENKTL remains
controversial. Concurrent chemoradiotherapy, chemo-
therapy regimen containing L-asparaginase, and stem cell

A
0 SE (log [Hazard ratio])

0.5

1.5

0.01 0.1

0 SE (log [Hazard ratio])

5
0.01 0.1

Figure 4 Funnel plots of the enrolled studies.
Notes: (A) OS in pre-treatment group. (B) OS in post-treatment group.
Abbreviation: OS, overall survival.

transplantation® have been proposed for patients with
ENKTL. However, these high-dose, aggressive therapy strate-
gies do not always translate into survival benefits, with the
cumulative probability of 5-year survival ranging from 10%
to 55%.%5737 The optimal treatment strategies and prognostic
prediction have not been completely defined yet.

To our knowledge, this is the first meta-analysis to
assess the prognostic value of circulating EBV DNA load
in patients with ENKTL. Previous small-scale (N<60) stud-
ies have showed that high load of circulating EBV DNA
is associated with a poorer survival in ENKTL patients.
Hence, a quantitative meta-analysis is urgently required for
individualized cancer treatment. Our meta-analysis, which

Hazard ratio

1 10 100

Hazard ratio

10 100

Cancer Management and Research 2018:10

submit your manuscript

2189

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Chen et al

Dove

involved a relatively large series of patients, provided robust
evidence that circulating EBV DNA load in peripheral blood
is significantly associated with poor OS and PFS/DFS in
patients with ENKTL.

As a well-known EBV-associated malignancy, the invari-
able association with episomal infection of EBV in ENKTL
cells has strongly implied its tumorigenic role. Fragmented
viral DNA has also been found in peripheral blood from
EBV-associated malignancies, which was mostly <500 bp in
length.®3 It is reasonable to speculate that measurement of
the circulating EBV DNA level may be used as a marker for
diagnosis, monitoring treatment response, and prognostication
of these EBV-associated malignancies. Previous reports had
shown that EBV DNA load has predictive and prognostic sig-
nificance for EBV-associated malignancies, including NPC*4!
and Hodgkin’s disease.*** The diagnostic and prognostic
impact has also been evaluated in patients with ENKTL in
relatively small-scale studies, suggesting a favorable prognosis
with low EBV DNA level. Due to the rarity of the disease,
the scales of these cohorts remained relatively small with
heterogeneous primary locations, clinical stages, sampling
time, and treatment regimens. The present meta-analyses
provide stronger evidence that the quantification of EBV DNA
level is effective in prognostication in patients with ENKTL.

Besides the potential prognostic impact, other clinical
applications of circulating EBV DNA in ENKTL have been
evaluated in previous small cohorts of publications, including
its diagnostic significance,”* relationship with clinicopatho-
logical features,?® and predication of therapy response.?’#
Due to the limited data, we did not discuss the aforementioned
clinical applications in the present meta-analysis. Large-scale
investigation is needed to confirm these potential correlations,
which may hypothetically help for patient stratification and
personalized therapy.

Circulating EBV DNA can be detected from peripheral
plasma, serum, whole blood, or peripheral blood mononuclear
cells (PBMNCs). There is still controversy regarding selec-
tion of the most suitable blood compartment for the detection
of EBV DNA. Previous studies suggested that whole blood
compartments and PBMNCs demonstrated a higher sensi-
tivity in diagnosis and prognosis than plasma.***’ However,
Spacek et al reported that detection of EBV DNA in plasma
was better than in whole blood in predicting prognosis of
Hodgkin’s disease.*® In the present studies, peripheral plasma
is mostly used as samples to evaluate EBV DNA level, with 2
cohorts from Korea and Japan using whole blood and another
study from Japan using PBMNC. Subgroup analysis shows
that regardless of sampling type, circulating EBV DNA level

constantly remains strongly correlated with patient prognosis.
Comparison of sensitivity and accuracy among each blood
compartments is needed for further investigation.

Multiple sampling time points were initially considered
in our enrolled studies, including pre-, intra-, and post-
treatment. Pre-treatment EBV DNA was mostly applied in
majority of included studies, due to the relatively reliable
prognostic significance regardless of different therapy regi-
mens. On the other hand, multiple assays of EBV DNA in
multiple sample times provided more information, which may
be used to analyze the dynamic changes of EBV DNA levels
during the treatment. Kwong et al investigated circulating
EBV DNA, either baseline or post-treatment, in patients with
ENKTL treated with SMILE regimen (comprising steroid,
methotrexate, ifosfamide, L-asparaginase, and etoposide)
and identified 3 DNA dynamic change patterns. It showed
that negative EBV DNA after SMILE with pattern A change
in EBV DNA (persistently undetectable) significantly cor-
related with lower tumor load and superior outcome.?® The
prognostic impact of EBV DNA in ENKTL is reliable and
the considerations for circulating EBV DNA levels before
and after treatment remains controversial, which deserves to
be investigated in future studies.

It should be pointed out that limitations exist in the meta-
analysis that allow us to interpret the results with caution.
First, this meta-analysis was based on published data from
the enrolled heterogeneous studies, and individual patient
data was not available for further investigation. Second, the
total number of patients from included studies was relatively
small comparing with meta-analysis for other types of cancers.
With regard to pediatric patients, 2 cohorts out of 11 studies
included patients who were <14 years of age with no detailed
information on the exact patient number, which might include
rare pediatric cases. Therefore, the current meta-analysis
included rare pediatric cases that were not enough for further
analysis. Considering the rarity of ENKTL worldwide, it is
difficult to conduct large prospective studies. High-quality
meta-analysis may provide more reliable evidence to guide
treatment and predict prognosis. Third, the cut-off value of
EBV DNA in our enrolled publications varies from 349.9
copies/mL to 6.1x107 copies/mL, implying that there was not
a uniform cut-off value to define the high load of circulating
EBV DNA in patients with ENKTL, which might lead to
heterogeneity.

Conclusion
In summary, our meta-analysis provides convincing evi-
dence supporting the proposition that circulating EBV
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DNA consistently correlated with prognosis of patients with
ENKTL, regardless of primary tumor locations, sampling
times, or sample types. However, to confirm this conclusion
as well as derived speculations, high-quality, well designed,
and large-scale clinical studies of ENKTL are urgently
needed.

Novelty and impact statements

In this work, we have for the first time investigated the
prognostic value of circulating EBV DNA for ENKTL by
meta-analysis based on published data. Our meta-analysis
provides convincing evidence supporting the proposition
that circulating EBV DNA consistently correlated with
prognosis of patients with ENKTL, regardless of primary
tumor locations, sampling times, or sample types. To confirm
this conclusion, high-quality, well-designed, and large-scale
clinical studies of ENKTL are urgently needed.
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