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Abstract

The multi-center randomized phase Ill NHL-004 study compared etoposide, dexamethasone and pegaspargase (ESA) versus
the methotrexate, etoposide, dexamethasone and pegaspargase (MESA) regimen, combined with sandwiched radiotherapy,
in newly diagnosed early-stage nasal natural killer / T-cell lymphoma (NKTCL). Here we report the long-term outcomes
(median follow-up, 64 months) and biomarker analysis. A total of 256 eligible patients aged 14-70 years were randomly as-
signed (1:1) to the ESA or the MESA arm. The 5-year progression-free survival (PFS) rates were 80.3% and 74.9% in the ESA
and MESA arms (hazard ratio [HR]=0.78 [95% CI: 0.46-1.33], P=0.371), and the 5-year overall survival (OS) rates were 85.1%
and 80.9% (HR=0.74 [95% CI: 0.40-1.37], P=0.332), respectively. No new safety signals related to treatments were observed.
Interim plasma Epstein-Barr virus (EBV) DNA positivity and stable disease / progressive disease response were independent
predictors of inferior PFS and OS. No prognostic significance was observed according to molecular subtypes. Interim EBV
DNA positivity correlated with up-regulated chromatin remodeling alterations, immune escape-related genes, and decreased
infiltrating monocytes / M1 macrophages. With low toxicity, non-intravenous administration, and an outpatient design, ESA
with sandwiched radiotherapy achieved long-term durable response in patients with newly diagnosed early-stage NKTCL.

Dynamic monitoring of plasma EBV DNA provided a clinical rationale for future mechanism-based therapy in NKTCL.

Introduction

Natural killer / T-cell lymphoma (NKTCL) is the most ag-
gressive subtype of mature T-cell lymphomas and is closely
related to Epstein-Barr virus (EBV) infection. Nearly 80%
of early-stage nasal patients need combined-modality
therapy.'? The asparaginase-containing regimens plus ra-
diotherapy have been proven effective and safe. First-line
regimens like DeVIC (dexamethasone, etoposide, ifosfamide
and carboplatin), VIDL (etoposide, ifosfamide, dexameth-
asone, L-asparaginase and cisplatin), GELOX/P-GEMOX
(gemcitabine, L-asparaginase/pegaspargase and oxaliplatin),
and DDGP (dexamethasone, cisplatin, gemcitabine, and
pegaspargase) have been investigated over recent decades
in early-stage NKTCL.>-®* However, long-term survival data
have been relatively limited. Regarding molecular alterations,
three molecular subtypes were previously identified, in-
cluding the TSIM (based on mutations in JAK-STAT pathway
and TP53, as well as amp9p24.1/JAK2 locus, amp17g21.2/
STAT3/5B/5A locus, amp9p24.1/PD-L1/2 locus, and del6g21),
MB (based on MGA mutation and 1p22.1/BRDT LOH), and
HEA (based on HDAC9, EP300, and ARIDTA mutation) sub-
types.® EBV infection correlated with poor clinical outcome
in NKTCL through modulating immune-related oncogenic
signaling and the tumor microenvironment."

We previously reported the results of the multicenter ran-
domized phase Il NHL-004 study at the 2-year follow-up.”
The NHL-004 trial compared the etoposide, dexamethasone

and pegaspargase (ESA) regimen versus the methotrexate,
etoposide, dexamethasone and pegaspargase (MESA) reg-
imen, combined with sandwiched radiotherapy, in newly
diagnosed early-stage nasal NKTCL. The ESA arm achieved
a high overall response rate (ORR), 2-year progression-free
survival (PFS) rate, and 2-year overall survival (OS) rate of
88.8%, 85.5%, and 92.0%, respectively, which were non-in-
ferior to the MESA arm rates of 86.2%, 79.7%, and 84.6%.
ESA with sandwiched radiotherapy was an effective reg-
imen, with low toxicity, and convenient non-intravenous
design. Here we report the updated, long-term results of
the trial with a median follow-up of 64 months. In addi-
tion, biomarker analysis was performed to investigate the
roles of dynamic plasma EBV DNA detection and efficacy
assessment during treatment in this prospective study, as
well as genomic and transcriptomic features.

Methods

Study design, patients and procedures

The NHL-004 study (clinicaltrials.gov identifier 02631239)
was an open-label randomized phase Il trial, which re-
cruited patients from 27 hospitals of the Multicenter He-
matology-Oncology Programs Evaluation System (M-HOPES)
in China. Patients (aged 14-70 years) with histologically
confirmed, newly diagnosed NKTCL, Eastern Cooperative
Oncology Group (ECOG) performance status 0-2, Ann Arbor
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stage IE-IIE, and a life expectancy of at least six months,
were eligible. The study was approved by the institutional
review boards of all centers and conducted in compliance
with the principles of the Declaration of Helsinki. Informed
consent was obtained from all enrolled patients.

Eligible patients were randomly assigned 1:1 (computer-as-
sisted permuted-block randomization with a block size
of 4) to receive 4 cycles of ESA (pegaspargase 2,500 1U/
m? intramuscularly on day 1, etoposide 200 mg orally and
dexamethasone 40 mg orally on days 2-4) or the MESA
(methotrexate 1 g/m? intravenously on day 1, etoposide
200 mg orally and dexamethasone 40 mg orally on days
2-4 and pegaspargase 2,500 IU/m? intramuscularly on day
5) regimen, in combination with sandwiched radiotherapy
(50 Gy) following the guidelines of the International Lym-
phoma Radiation Oncology Group.”® The primary endpoint
was ORR at the end of treatment (complete remission [CR]
and partial remission [PR]), according to the Lugano 2014
criteria!* The secondary endpoints were 2-year PFS rate,
2-year OS rate, and toxicity (assessed according to CTCAE
4.0). Details of procedures, radiotherapy and assessment
were as previously described.”

Biomarker analysis

Long-term survival of subgroups characterized by gen-
der, age, ECOG, B symptoms, Ann Arbor stage, local tu-
mor invasion, serum lactic dehydrogenase (LDH), Ki-67,
International Prognostic Index (IPI),”* Prognostic Index of
Natural-Killer lymphoma-Epstein-Barr virus (PINK-E),'®
Chinese Southwest Oncology Group and Asia Lymphoma
Study Group ENKTL system (CA)" and the Nomogram-re-
vised Risk Index (NRI)™® were analyzed. Dynamic plasma
EBV DNA levels were detected before treatment, after 2
cycles, and at the end of treatment. Real-time fluorescent
polymerase chain reaction (PCR) was used to detect plasma
EBV DNA using Detection Kit for Epstein-Barr virus Nucleic
Acid (PCR-Fluorescence Probing) (DaAnGene, Guangzhou,
China) at all institutions. Any detectable load of EBV DNA
was defined as positive. Interim response was assessed
according to the same criteria as final response. Staining
for MYC expression (N=149) was quantified by every 5%
in pre-treatment tumor samples. CD56 was negative in
13% of patients. We further performed whole genome /
exome sequencing (WGS/WES) (N=85), targeted DNA-se-
qgquencing (N=43), and RNA-sequencing (RNA-seq) (N=87)
on available qualified pre-treatment tumor samples. The
biomarker population is listed in Online Supplementary
Table S1. There were no significant differences in clinical
features or outcomes between the biomarker cohort and
the entire cohort (Online Supplementary Table S2). Mo-
lecular subtypes were categorized by gene mutations and
expression.® Gene Set Enrichment Analysis was used to
identify the functional pathways. Proportions of immune
cells were quantified by the CIBERSORTx method (https://
cibersortx.stanford.edu).
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Statistical analysis

Final follow-up was performed in April 2024. The effica-
cy and safety analyses were performed on the modified
intent-to-treat (mITT) population, including all patients
treated with at least one cycle of the ESA or the MESA
regimen. Sample size calculation and amendments were
as previously described.”? Descriptive statistics were used
to summarize patients’ characteristics. Survival outcomes
were calculated using the Kaplan-Meier method and sur-
vival curves were compared by the log-rank test. HR and
associated 95% confidence interval were estimated using
univariate Cox proportional-hazards model. Multivariate
analysis was performed using multivariate Cox proportion-
al-hazards model. Fisher’s exact test was used to analyze
the association of parameters with interim EBV DNA. The t
test was used for comparison of gene expression profiles in
interim EBV DNA positive and negative patients. Two-sid-
ed P<0.05 was considered significant. Data analyses and
figure generation were performed using R 4.4.1 and SPSS
23.0 software (SPSS Inc., Chicago, IL, USA).

Results

Long-term outcomes

From March 16, 2016, to July 17, 2020, a total of 248 pa-
tients were treated with one of the assigned treatments
(ESA [N=125] or MESA [N=123]) and these made up the mITT
population (Online Supplementary Figure S7).? The median
age of the ESA arm and MESA arm were 50 (range, 14-70)
years and 46 (15-70) years. One hundred (80.0%), 11 (8.8%),
3(2.4%), and 7 (5.6%) patients in the ESA arm achieved CR,
PR, stable disease (SD), and progressive disease (PD), while
the rates were 97 (78.9%), 9 (7.3%), 2 (1.6%), and 11 (8.9%)
patients in the MESA arm, respectively (Table 1). The ORR
in the ESA and MESA arms were similar: 88.8% vs. 86.2%,
respectively. Results for the primary endpoint have been
described previously.”

At the median follow-up of 64 months, 5-year PFS rates in
the ESA and MESA arms were 80.3% (95% Cl: 73.4-87.7%)
and 74.9% (95% Cl: 67.5-83.2%), respectively, with no sta-
tistical difference (hazard ratio [HR], 0.78; 95% CI: 0.46-1.33;
P=0.371) (Figure 1A). The 5-year OS rates in the ESA and
MESA arms were 851% (95% Cl: 79.0-91.8%) and 80.9%
(95% Cl: 74.2-88.3%), respectively (HR, 0.74; 95% CI: 0.40-
1.37; P=0.332) (Figure 1B). Median duration of response was
not reached in either arm. Progression during the follow-up
after first-line treatment was similar in the two arms (ESA
vs. MESA: 11.2% vs. 9.8%) (Table 1).

Safety

The safety in both arms was consistent with the reported
analysis, and no new safety signals were detected. There was
one patient in each arm with second cancers: esophageal
squamous cell carcinoma at ten months in the ESA arm
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and tongue squamous cell carcinoma at four years in the
MESA arm after anti-lymphoma treatments. Deaths from
lymphoma occurred similarly: ESA (N=13); MESA (N=15).
There were 5 deaths from other causes in the ESA arm
versus 8 in the MESA arm.

Prognostic factors

Subgroups characterized by age, gender, ECOG, B symptomes,
Ann Arbor stage, local tumor invasion, LDH, pre-treatment
EBV DNA, Ki-67, IPIl, PINK-E, CA, and NRI showed similar
PFS results in the mITT population. Those with elevated
LDH levels showed superior PFS in the ESA arm than the
MESA arm (HR, 0.27; 95% CI: 0.09-0.81) (Figure 1C).

There were 45.6% and 47.2% of patients who presented with
positive pre-treatment EBV DNA in the ESA and MESA arms.
The proportion decreased to 8% and 13% after 2 cycles,
respectively. At the end of treatment, 5.6% and 10.6% of
patients had positive EBV DNA. As for interim response, 81
(64.8%), 30 (24.0%), 6 (4.8%), and 4 (3.2%) patients in the
ESA arm achieved CR, PR, SD, and PD, respectively, while
these rates were 68 (55.3%), 36 (29.3%), 9 (7.3%), and 6
(4.9%) patients in the MESA arm (Table 2).

Univariate analyses for PFS and OS were performed.
Pre-treatment EBV DNA positivity was significantly related
to inferior OS (P=0.035), while interim- and post-treatment
EBV DNA positivity predicted both inferior PFS (both P<0.001)
and OS (P<0.001 and P=0.007, respectively) (Figure 2). Of
note, patients with interim response of SD and PD (after
2 cycles) indicated inferior PFS and OS, while prognosis
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of interim PR was similar with that of interim CR. As for
final response (after 4 cycles), patients with PR, SD, and
PD predicted poorer prognosis than those with CR. Interim
EBV DNA positivity correlated with worse interim response
(PR, SD, and PD, P=0.030), and post-treatment EBV DNA
positivity correlated with worse final response (PR, SD, and
PD, P=0.003) (Online Supplementary Figure S2).
Multivariate analysis was performed separately for factors
at baseline, interim treatment and post-treatment. During
treatment, both interim EBV DNA positivity and poor in-
terim response (SD and PD) were independent adverse
factors of PFS and OS. At the end of treatment, poor final
response (PR, SD, and PD) predicted inferior PFS and OS,
and post-treatment EBV DNA positivity predicted inferior
PFS independently (Table 3).

High pre-treatment and interim EBV DNA levels were sig-
nificantly associated with poor final response (P=0.049 and
P<0.001, respectively), and predicted shorter PFS (P=0.002
and P<0.001, respectively) (Online Supplementary Figure S3).
The median pre-treatment and interim EBV DNA load were
880 (range 0-200,000) IU/mL and 141 (range 0-1,280,000)
IU/mL in patients with final SD/PD response, respectively.
WGS/WES and targeted DNA-sequencing were performed
on 128 patients. Gene mutations are summarized in Figure
3A. JAK3 mutation was associated with inferior PFS and
OS (Figure 3B, C), and KMT2B mutation predicted inferior
PFS (Online Supplementary Figure S4A, B). Multivariate
analysis incorporating baseline clinical characteristics and
mutations found that JAK3 mutation was an independent

Table 1. Main characteristics of the modified intention-to-treat population.

Characteristic

Gender, N (%)
Female
Male

Age in years
Median (range)
>60, N (%)

B symptoms, N (%)
Ann Arbor stage I, N (%)
Elevated lactate dehydrogenase, N (%)

Final response, N (%)
CR
PR
SD
PD
Not evaluated

Median duration of response
Progression during the follow-up after first-line treatment, N (%)

Second cancers after first-line treatment, N (%)

ESA MESA
N=125 N=123
41 (32.8) 29 (23.6)
84 (67.2) 94 (76.4)
50 (14-70) 46 (15-70)
26 (20.8) 15 (12.2)
52 (41.6) 43 (35.0)
48 (38.4) 45 (36.6)
47 (37.6) 48 (39.0)
100 (80.0) 97 (78.9)
e S
7 (5.6) 11 (8.9)
4(3.2) 4 (3.3)
NR NR
14 (11.2) 12 (9.8)
1(0.8) 1(0.8)

CR: complete remission; ESA: etoposide, dexamethasone, and pegaspargase; MESA: methotrexate, etoposide, dexamethasone, and pegaspar-
gase; N: number; NR: not reached; PD: progressive disease; PR: partial remission; SD: stable disease.
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Figure 1. Long-term survival in modified intention-to-treat population. (A) Kaplan-Meier survival curve of progression-free sur-
vival (PFS) according to treatment arms. (B) Kaplan-Meier survival curve of overall survival according to treatment arms. (C) For-
est plot of hazard ratios of PFS for patients with different subgroups, according to treatment arms. CA: Chinese Southwest
Oncology Group and Asia Lymphoma Study Group ENKTL system; Cl: confidence interval; EBV: Epstein-Barr virus; ECOG: Eastern
Cooperative Oncology Group; ESA: etoposide, dexamethasone, and pegaspargase; HR: hazard ratio; IPIl: International Prognostic
Index; MESA: methotrexate, etoposide, dexamethasone, and pegaspargase; NRI: Nomogram-Revised Risk Index; PINK-E: Prognos-
tic Index of Natural-Killer lymphoma-Epstein-Barr virus; y: years.
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factor for PFS (HR, 8.59; 95% CI: 3.18-23.22, P<0.001) and OS
(HR, 8.53; 95% CI: 2.95-24.68, P<0.001). However, it should
be noted that JAK3 and KMT2B mutations were presented
in only 4.7% (N=6) and 5.5% (N=7) of the patients, respec-
tively. Molecular subtypes were classified in 125 patients;
the other 3 patients were unclassified without detective
mutations or RNA-sequencing data. No significant differ-
ence was observed according to molecular subtypes for

Table 2. Plasma Epstein-Barr virus DNA and interim response.

H. Zhong et al.

PFS and OS (Online Supplementary Figure S4C, D).

Biomarkers related to Epstein-Barr virus infection

To further investigate the potential mechanism of per-
sistent EBV DNA infection during treatment, we analyzed
the clinical characteristics, immunohistochemistry and
RNA-sequencing. Female patients had higher proportions
of interim EBV DNA positivity than male patients (P=0.020)

ESA MESA
N=125 N=123
Pre-treatment EBV DNA, N (%)
Positive 57 (45.6) 58 (47.2)
Negative 68 (54.4) 65 (52.8)
EBV DNA after 2 cycles, N (%)
Positive 10 (8.0) 16 (13.0)
Negative 101 (80.8) 90 (73.2)
NA 14 (11.2) 17 (13.8)
Post-treatment EBV DNA, N (%)
Positive 7 (5.6) 13 (10.6)
Negative 92 (73.6) 79 (64.2)
NA 26 (20.8) 31 (25.2)
Interim response, N (%)
CR 81 (64.8) 68 (55.3)
PR 30 (24.0) 36 (29.3)
SD 6 (4.8) 9 (7.3)
PD 4 (3.2) 6 (4.9)
Not evaluated 4 (3.2) 4 (3.2)

CR: complete remission; EBV: Epstein-Barr virus; ESA: etoposide, dexamethasone, and pegaspargase; MESA: methotrexate, etoposide, dexa-
methasone, and pegaspargase; N: number; NA: not available; PD: progressive disease; PR: partial remission; SD: stable disease.

Table 3. Univariate and multivariate analysis for progression-free

Progression-free survival

survival and overall survival.

Overall survival

Univariate Multivariate Univariate Multivariate
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Pre-treatment

Presence of B symptoms 1.20 (0.70-2.05) 0.504 1.11 (0.65-1.91) 0.701 2.19 (1.18-4.06) 0.013 1.98 (1.06-3.71) 0.032

Positive pre-treatment EBV DNA 1.63 (0.96-2.78) 0.073 1.60(0.93-2.75) 0.087 1.96 (1.05-3.68) @ 0.035 | 1.74 (0.92-3.29) 0.089
Interim treatment

Positive interim EBV DNA 3.88 (1.98-7.58) <0.001 2.45(1.07-5.61) 0.033 4.72(2.19-10.15) <0.001 3.11 (1.34-7.22) 0.008

Interim response PR vs. CR 0.99 (0.47-2.08) 0.984 1.24(0.58-2.68) 0.576 1.52 (0.66-3.50) | 0.330 2.11 (0.86-5.19) 0.105

Interim response SD vs. CR 3.18 (1.30-7.79) 0.011 3.13 (1.20-8.18) 0.020 4.07 (1.47-11.31) 0.007 3.70(1.19-11.52) 0.024

Interim response PD vs. CR - - - - 25.11 (10.35-60.93) <0.001 17.04 (5.45-53.25) < 0.001
Post-treatment

Positive post-treatment EBV DNA 4.57 (2.00-10.40) <0.001 3.14(1.17-8.47) 0.024 4.21 (1.48-11.95) 0.007 2.28 (0.69-7.51) 0.178

Final response PR/SD vs. CR 3.51(1.57-7.83) 0.002 3.94 (1.34-11.62) 0.013 5.98 (2.47-14.45) <0.001 6.83 (2.12-21.96) @ 0.001

Final response PD vs. CR

30.67 (14.36-65.50) < 0.001 15.61 (3.57-68.24) < 0.001

Cl: confidence interval; CR: complete remission; EBV: Epstein-Barr virus; HR: hazard ratio; PD: progressive disease; PR: partial remission; SD:

stable disease.
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Figure 2. Progression-free survival and overall survival of Epstein-Barr virus DNA subgroups. Kaplan-Meier survival curve of pro-
gression-free survival (PFS) (A) and overall survival (OS) (B) according to pre-treatment Epstein-Barr virus (EBV) DNA. Kaplan-Mei-
er survival curve of PFS (C) and OS (D) according to interim EBV DNA. Kaplan-Meier survival curve of PFS (E) and OS (F) accord-
ing to post-treatment EBV DNA. Cl: confidence interval; HR: hazard ratio.
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(Online Supplementary Table S3). Pre-treatment MYC ex-
pression (P=0.046) and CD56 negativity (P=0.009) were sig-
nificantly associated with interim EBV DNA positivity (Figure
4A, B). Next, RNA-sequencing was screened in 77 patients

H. Zhong et al.

negative and 10 patients positive for interim EBV DNA. We
compared differentially expressed genes and identified 176
up-regulated (e.g., DUX4, DNMT3B) and 206 down-regulat-
ed (e.g., DMBTT) genes in patients with interim EBV DNA
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Figure 3. Genetic mutations. (A) Gene mutations landscape. Kaplan-Meier survival curve of progression-free survival (B)
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metabolism (citrate cycle, 2-oxocarboxylic acid, carbon),
and nucleocytoplasmic transport pathways (Figure 4D). The
core-enrichment genes included HDAC4, JAK3, RASA2, and

positivity (Figure 4C). Positive patients showed significant
enrichment in neutrophil extracellular trap (NET) formation,
ATP-dependent chromatin remodeling, viral carcinogenesis,
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Figure 4. Transcriptomic signatures. (A) MYC and (B) CD56 expressions according to interim Epstein-Barr virus (EBV) DNA. (C)
Differentially expressed genes according to interim EBV DNA. (D) Gene Set Enrichment Analysis revealed differential pathway
alterations according to interim EBV DNA. (E) Up-regulated pathways in patients with interim EBV DNA positivity. (F) Infiltration
of immune cells between positive and negative interim EBV DNA. NK: natural killer cells.
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histones (Figure 4E). In contrast, immune-related pathways,
such as cytokine-cytokine receptor interaction, IL-17 signal-
ing, and viral protein interaction with cytokine and cytokine
receptor were activated in negative patients (Figure 4D).
Infiltration of immune cell subtypes were also assessed.
Interim EBV DNA positivity was significantly associated
with decreased infiltration of monocytes (P=0.017) and M1
macrophages (P=0.020), indicating an immunosuppressive
microenvironment (Figure 4F).

Biomarkers related to disease progression

Biomarker analyses were also performed according to PFS.
Patients with available RNA-seq data were categorized to
the progression or remission group (N=22 vs. N=65). There
were 100 up-regulated and 96 down-regulated genes in
the progression group (Online Supplementary Figure S5).
Pathways including oxidative phosphorylation, ribosome
and cGMP-PKG signaling were enriched in patients with
disease progression, while activated immune-related path-
ways were enriched in long-term remission patients, con-
sistent with those of interim EBV DNA-negative patients.
Decreased memory B cells and memory CD4 T cells were
significantly associated with disease progression (Online
Supplementary Figure S5).

According to time to progression, patients were further
classified as early (PFS <12 months) and late (PFS >12
months) progression. Although no significant difference
in baseline clinical characteristics was observed between
the two groups (Online Supplementary Table S4), RNA-seq
(N=12 vs. N=10) revealed 276 up-regulated genes in the
early progression group, and 37 up-regulated genes in the
late progression group (Online Supplementary Figure S6).
Patients with early progression showed enrichment in path-
ways of NET formation, viral carcinogenesis, ATP-dependent
chromatin remodeling, transcriptional dysregulation, and
cholesterol metabolism, while patients with late progres-
sion showed activated cell adhesion molecules, signaling
(Wnt, PPAR and calcium) and cytokine-cytokine receptor
interaction pathways (Online Supplementary Figure S6).

Discussion

The updated 5-year analysis of the NHL-004 study provided
substantial evidence that ESA with sandwiched radiotherapy
has durable response and long-term survival in patients with
newly diagnosed early-stage nasal NKTCL. With a median
follow-up of 64 months, the 5-year PFS and OS rates were
80.3% and 85.1% in patients who received the ESA regimen
with sandwiched radiotherapy. The biomarker analysis in-
dicated that interim EBV DNA status and response were
early independent predictors of PFS and OS during treat-
ment. Interim EBV DNA positivity was strongly associated
with up-regulated chromatin remodeling alterations and
an immunosuppressive tumor microenvironment.

H. Zhong et al.

As compared to combined-modality therapy in early-stage
NKTCL (Online Supplementary Table S5), for platinum-based
chemotherapy with radiotherapy, the PFS and OS at five
years in patients who received concurrent radiotherapy
with DeVIC were 61% and 72%, respectively.” In the era of
asparaginase, concurrent chemoradiotherapy followed by
VIDL induced 5-year PFS and OS rates of 60% and 73%.°
With GELOX regimens, the PFS and OS rates were 74% and
85% at five years.® The 5-year OS for the DDGP regimen
was 74.3%.° Therefore, the anti-metabolic ESA regimen
containing only intramuscular and oral agents, with a safe,
outpatient design, maintains comparable response rate and
long-term survival, and is a promising first-line treatment
of early-stage NKTCL.

The prognostic value of pre- and post-treatment plasma
EBV DNA has been proven in NKTCL. For patients receiving
radiotherapy alone or with platinum- / asparaginase-con-
taining regimens, detectable pre-treatment plasma EBV
DNA correlates with tumor load and poor prognosis,®?3
and is incorporated in the PINK-E scoring system.® Any
detectable concentration was considered to be positive,
and persistent EBV DNA was associated with worse PFS
and 0S.22 In addition to pre-treatment EBV DNA positivity,"?
our long-term survival analysis further revealed that interim
EBV DNA positivity was an independent predictor of PFS
and OS, which should be considered as a useful predictor
for early monitoring of poor outcomes in early-stage NK-
TCL. The EBV DNA status at interim represents a dynamic
process that could better reflect individual sensitivity to
pegaspargase-based treatment. Presence and high levels of
EBV DNA at interim correlated with final treatment failure.
Circulating EBV DNA could be related to high tumor burden
and residual tumor cells.?>?* In addition, persistent EBV
infection may also contribute to genomic abnormalities
and immune escape, further promoting oncogenesis, and
affecting response and prognosis.?52¢

Epigenetic modification, immune suppression, oncogen-
ic signaling activation, metabolomic reprogramming and
cell-cycle progression are hallmarks of NKTCL progres-
sion.?’?® Pegaspargase and etoposide, used in the ESA
regimen, directly target metabolic reprogramming and
cell-cycle progression, respectively, but only partially over-
came EBV infection in NKTCL. Status of interim EBV DNA
revealed different genomic and transcriptomic character-
istics. Over-expressed DNMT3B and HDAC4 contribute to
chromatin remodeling and epigenetic dysregulation.?®-%?
Chromatin decondensation and microbial stimulation may
trigger NET formation, which supports cancer progression
and metastasis.**?* MYC and macrophage polarization cre-
ate an immunosuppressive environment.*** For example,
up-regulated immune genes were identified as being relat-
ed to persistent EBV infection. DUX4, expressed upon lytic
replication of herpesviruses by viral proteins, suppresses
MHC Class | to promote cancer immune evasion.®®3° RASA2 is
revealed as a signaling checkpoint in human T cells, whose
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ablation boosts antigen sensitivity and long-term function.*°
For patients with disease progression, the immunosuppres-
sive microenvironment also plays an essential role.
These results provide physicians with evidence that treat-
ment strategies could be adapted at interim based on in-
terim response and interim EBV DNA status. This could be
used in future clinical practice to further improve patient
outcome. Novel agents could be effective for these patients,
such as epigenetics-targeted drugs, immune checkpoint
inhibitors, JAK inhibitor, and anti-EBV treatment.*-*®* Ac-
cording to the findings, another clinical trial (clinicaltrials.
gov identifier 06069830) exploring interim positron emission
tomography- and EBV DNA-directed therapy in localized
nasal NKTCL is ongoing.

Since our biomarker analysis was post-hoc, a small num-
ber of patients were not available for interim plasma EBV
DNA. Dynamic detection of plasma EBV DNA is warranted
in future clinical trials and practices.

In conclusion, as an effective, low toxicity, non-intravenous
regimen with an outpatient design, ESA with sandwiched
radiotherapy achieved long-term durable response in pa-
tients with newly diagnosed early-stage NKTCL. Dynamic
monitoring of plasma EBV DNA not only predicted disease
progression, but also provided a clinical rationale for future
mechanism-based therapy in NKTCL.
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