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Abstract

Extranodal natural killer/T-cell lymphoma, nasal-type (ENKTL) is a distinct subtype of non-
Hodgkin lymphoma and most of the patients presented localized disease. Combined
modality therapy (CMT), namely chemotherapy combined with radiotherapy, has been rec-
ommended for patients with early-stage ENKTL. However, the optimal CMT has not been
fully clarified. This study reports the efficacy and toxicity of sequential P-GEMOX
(pegaspargase, gemcitabine and oxaliplatin) and radiotherapy in a large Chinese cohort
comprising of 202 patients diagnosed with early-stage ENKTL from six medical centers.
The observed best overall response rate was 96.0% and 168 (83.2%) patients achieved
complete remission. With a median follow-up of 44.1 months, the 3-year progression-free
survival (PFS) and overall survival (OS) were 74.6% and 85.2%, respectively. Multivariate
analysis suggested that extensive primary tumor (PFS, hazard ratio [HR] 3.660, 95% Cl
1.820-7.359, p < 0.001; OS, HR 3.825, 95% Cl 1.442-10.148, p = 0.007) and Eastern
Cooperative Oncology Group performance status > 2 (PFS, 3.042, 95% Cl 1.468-6.306,
p = 0.003; OS, HR 3.983, 95% Cl 1.678-9.457, p = 0.02) were independent prognostic
factors for survival outcomes. Among the established prognostic models for ENKTL, the
nomogram-revised risk index model had optimal prognostic risk stratification ability (PFS,

p < 0.001; OS, p <0.001) and relatively balanced population distribution. The adverse
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events of this CMT were well-tolerated and manageable. In conclusion, sequential P-

GEMOX and radiotherapy showed favorable efficacy with acceptable toxicity, and could

be an effective treatment option for early-stage ENKTL patients.

1 | INTRODUCTION

Extranodal natural killer/T-cell lymphoma, nasal-type (ENKTL) is an
aggressive extranodal non-Hodgkin lymphoma and is most commonly
diagnosed in East Asia and South America.>? Among the patients with
newly-diagnosed ENKTL, over 70% present with early-stage disease
involving the upper aerodigestive tract (UADT) such as nasopharynx,
nasal cavity, and the Waldeyer's ring.®

Radiotherapy is an important modality for successful treatment of
localized ENKTL, however, a large number of patients still experience
recurrence after radiotherapy alone, suggesting that the current treatment
modality is insufficient and more efficacious treatment strategies should be
explored.*”” Thus, combined modality therapy (CMT), namely chemother-
apy combined with radiotherapy, has been recommended for patients with
localized ENTKL and fit for chemotherapy.® So, CMT protocols include
concurrent chemoradiotherapy (CCRT), sequential chemoradiotherapy and
sandwich chemoradiotherapy.”*° Currently, no prospective, randomized
controlled studies directly comparing various CMT protocols have been
reported. A recent international multicenter study revealed comparable
clinical outcomes between sequential chemoradiotherapy and CCRT in the
era of non-anthracycline chemotherapy.'* Moreover, several studies have
confirmed the efficacy of sequential asparaginase-based or pegaspargase-
based chemotherapy and radiotherapy for early-stage patients.*?"14 As
chemotherapy is more easily accessible than immediate radiotherapy in
the routine clinical practice, the “chemotherapy-first” CMT deserves fur-
ther exploration.

Previous studies showed that high expression of P-glycoprotein in
ENKTL cells could lead to chemo-resistance, while asparaginase could pro-
duce anti-tumor effect via unique mechanisms that overcome the resis-
tance.’> 8 L-asparaginase or pegaspargase-based chemotherapy regimens
have shown promising efficacy in ENKTLY?* The P-GEMOX
(pegaspargase, gemcitabine and oxaliplatin) demonstrated comparable effi-
cacy with moderate toxicities.?22* In a real-world retrospective study from
China, the P-GEMOX regimen yielded an objective response rate (ORR) of
89.4% and complete remission (CR) rate of 62.4% in newly-diagnosed
ENKTL patients® In a randomized, phase Il dlinical trial comparing
P-GEMOX plus thalidomide regimen and AspaMetDex (pegaspargase,
methotrexate, and dexamethasone) regimen for ENKTL, the two regimens
had similar response rate and long-term survival outcomes while
P-GEMOX had better tolerability.?* Therefore, the P-GEMOX regimen
was shown to be a safe and effective regimen for ENKTL.

Considering that the optimal CMT for early-stage ENKTL and the
effectiveness of the P-GEMOX regimen remain obscured, efforts
should be made to provide additional evidence on this issue. In this
study, we performed a retrospective analysis using a large-scale, mul-
ticenter cohort comprising of newly-diagnosed early-stage ENKTL
patients to evaluate the efficacy and toxicity of sequential P-GEMOX
and radiotherapy in this population.

2 | METHODS

21 | Patients
The data of adult patients diagnosed with early-stage ENKTL between
January 2010 and December 2019 were retrieved. Eligibility criteria
included: (1) patients pathologically diagnosed with ENKTL based on
the World Health Organization classification of lymphoma; (2) aged
> 18 years; (3) classified as stage I-1l according to the Ann Arbor stag-
ing system, and; (4) received P-GEMOX chemotherapy regimen
followed by radiotherapy. The participating medical centers included
(1) the Sun Yat-sen University Cancer Center; (2) Fujian Provincial
Cancer Hospital & Institute; (3) Peking University Third Hospital; (4)
Jiangxi Cancer Hospital; (5) First Affiliated Hospital of Guangxi Medical
University, and; (6) Second Affiliated Hospital of Suzhou University.
This study was conducted in compliance with the Declaration of
Helsinki and was approved by the institutional review board. Written

informed consent was given by all the included participants.

22 | Treatment

The P-GEMOX regimen was administrated as follows: pegaspargase
2000 IU/m? intramuscular on day 1, gemcitabine 1000 mg/m? intra-
venous on day 1 and 8, oxaliplatin 130 mg/m? intravenous on day
1 and was repeated every 21 days. Patients who achieved at least sta-
ble disease (SD) subsequently underwent radiotherapy. Patients with
progressive disease to P-GEMOX chemotherapy were given salvage
treatments. The number of P-GEMOX chemotherapy cycles offered
to each patient was according to their baseline characteristics,
responses to P-GEMOX and tolerability, and were at the discretion of
the treating physicians. Involved site radiotherapy was performed fol-
lowing the guidelines of the International Lymphoma Radiation Oncol-
ogy Group.?®> Patients in this study received intensity-modulated
radiation therapy (IMRT) or volumetric-modulated arc radiotherapy
(VMAT). The gross target volume covered the primary tumor and
involved lymph nodes defined by imaging examinations before che-
motherapy. The clinical target volume covered the involved primary

tumor sites and adjacent structures.

2.3 | Definitions and outcomes

All baseline characteristics were evaluated before initial treatment.
Extensive primary tumor was defined as a primary lesion beyond the
nasal cavity which extended to adjacent structures; a modification
based on the study of Li et al.” to assess the condition of the local

tumor. Regional lymph node involvement was defined as N1-N3
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according to the TNM staging system. Circulating Epstein-Barr virus
(EBV)-DNA in the peripheral plasma was detected by quantitative poly-
merase chain reaction and any detectable EBV-DNA load was defined
as positive. B symptoms were defined as unexplained weight loss of
> 10% within the 6 months before diagnosis, unexplained fever with
temperature above 38°C, and night sweats. UADT involvement was
defined as the tumor involvement of nasal cavity, nasopharynx,
paranasal sinuses, oral cavity, oropharynx, and the Waldeyer's ring.
Elevated lactate dehydrogenase (LDH) was defined as serum
LDH > 245 U/L. Several widely-used prognostic systems, including the
international prognostic index (IP1), the Korean prognostic index (KPI),
the prognostic index of natural killer ymphoma (PINK), the PINK model
with circulating EBV-DNA (PINK-E) and the nomogram-revised risk
index (NRI) were implemented to evaluate the prognosis of the early-
stage ENKTL patients who received sequential P-GEMOX and radio-
therapy in this study and to compare their clinical utility.26-2?

Treatment response was evaluated after every two cycles of
P-GEMOX and after radiotherapy. The proportion of patients who
achieved an objective response, CR, partial remission (PR), SD or
PD was assessed using positron emission tomography/computed
tomography, contrast-enhanced computed tomography or contrast-
enhanced magnetic resonance imaging, according to the 2014 Lugano
criteria.?° Progression-free survival (PFS) was calculated from the time
of initial diagnosis of ENKTL to disease progression, relapse, death or
until the last follow-up. Overall survival (OS) was calculated from the
time of initial diagnosis of ENKTL to death from any cause or until the
last follow-up. Event-free survival (EFS) was calculated from the time
of initial diagnosis of ENKTL to disease progression, relapse, discon-
tinuation of therapy due to toxicity, death or until the last follow-up.
Time to first response was calculated from the time of treatment initi-
ation of P-GEMOX to first objective response. Duration of response
(DOR) was calculated from the time of first objective response to dis-
ease progression, relapse, death or until the last follow-up. Time to
next therapy was calculated from the time of treatment initiation of
P-GEMOX to the start of next line therapy, death or until the last
follow-up. Adverse events were assessed based on the National
Cancer Institute Common Terminology Criteria for Adverse Events,
version 5.0.

24 | Statistical analysis

Both PFS and OS were analyzed using the Kaplan-Meier method and
compared using the log-rank test. The following clinical parameters
were estimated for prognostic performance by univariate analysis:
age, gender, Ann Arbor stage, Eastern Cooperative Oncology Group
performance status (ECOG-PS), B symptoms, extensive primary
tumor, UADT involvement, circulating EBV-DNA and LDH. All param-
eters with a p < 0.10 in univariate analysis were included in multivari-
ate analysis using stepwise forward Cox regression (for survival
outcome events) or Logistic regression (for response events) model.
Categorical data were compared using the chi-square test or Fisher

exact test. For all statistical tests, two-tailed p value < 0.05 was
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considered statistically significant. All statistical analyses were per-
formed using the SPSS 25.0 software.

3 | RESULTS

3.1 | Baseline characteristics

Between January 2010 and December 2019, a total of 202 patients
with newly diagnosed early-stage ENKTL at six medical centers in
China were included in this study. Their median age was 44.0 years
(range, 18-73 years). The patient distributions of the IPI, PINK, and
PINK-E model were unbalanced with most patients classified into a
low-risk group, while the distributions of the KPI and NRI model were
relatively more symmetrical. The baseline characteristics of the

patients at initial diagnosis are summarized in Table 1.

3.2 | Treatment and response

In the study population, the median number of P-GEMOX cycles was
four (range, 2-6). Except for seven patients who had progressive
disease (PD) after chemotherapy, a total of 195 patients received radi-
ation therapy. Among them, the percentages of patients who under-
went IMRT and VMAT were 91.8% and 8.2%, respectively. The
median radiation dose was 54.6 Gy (interquartile range [IQR], 50.4-
54.6 Gy). None of our patients underwent autologous stem cell trans-
plantation after sequential P-GEMOX and radiotherapy.

After P-GEMOX induction chemotherapy, the ORR for all
patients was 94.1%, with 63.9% of patients achieving CR and 30.2%
partial remission (PR). Seven patients had PD and were subjected to
second-line therapy. For the 61 patients who had PR after chemother-
apy, 65.6% (40/61) achieved CR after radiotherapy. Among the five
patients who had SD after chemotherapy, four of them received four
cycles of P-GEMOX and one patient received six cycles, subsequently
three patients attained PR after radiotherapy. Overall, the best ORR
after P-GEMOX chemotherapy followed by radiotherapy was 96.0%,
with a CR rate of 83.2%. The response rates are summarized in
Table S1.

In subgroup analysis, a statistical significantly lower CR rate to
P-GEMOX chemotherapy was observed in patients with extensive
primary tumor (p = .035) (Table S2). We then included extensive
primary tumor (p = 0.035), ECOG-PS (p = 0.090) and circulating
EBV-DNA (p = 0.054) in the Logistic regression model to identify
independent prognostic factors that can accurately predict response.
However, none of the factors were independently associated with a
higher CR rate to P-GEMOX chemotherapy (Table S2).

3.3 | Survival outcomes and prognostic factors

With a median follow-up of 44.1 months (95% confidence interval
[CI], 37.8-50.4 months), the median PFS and OS were not



TABLE 1 Baseline characteristics of early-stage ENKTL patients TABLE 1 (Continued)
in this study (N = 202) L
Characteristic Number (%)

Characteristic Number (%) PINK-E

Age Low-risk 162 (80.2%)
Median (range) 44.0(18-73) Intermediate-risk 21 (10.4%)
<60 years 176 (871%) High-risk 1 (05%)
>60 years 26 (12.9%) Unknown 18 (8.9%)

Sex NRI
Male 140 (69-3%) Low-risk 41 (20.3%)
Female 62(30.7%) Intermediate-low-risk 75 (37.1%)

Ann Arbor stage Intermediate-high-risk 41 (20.3%)

' 112(55.4%) High risk 45 (22.3%)
1l 90 (44.6%) R
Note: Data are shown as number (%) or median (range). The sum of some

ECOG-PS percentages may not equal 100% because of rounding. EBV, Epstein-Barr
0-1 188 (93.1%) virus; ECOG-PS, Eastern Cooperative Oncology Group performance
2 14 (6.9%) status; ENKTL, extranodal natural killer/T-cell lymphoma, nasal-type; IPI,
= = international prognostic index; KPI, Korean prognostic index; LDH, lactate

B symptoms dehydrogenase; NRI, nomogram-revised risk index; PINK, prognostic index
No 121 (59.9%) of natural killer lymphoma; PINK-E, PINK model with circulating EBV-

Yes 81 (40.1%) DNA; UADT, upper aerodigestive tract.

Extensive primary tumor
No 89 (44.1%

{ ¢ reached. The 3-year PFS and OS rates for the entire cohort were
0,
Yes LLEEESED 74.6% and 85.2%, and the estimated 5-year PFS and OS rates

Regional lymph node involvement were 65.9% and 80.5%, respectively (Figure 1A,B). The median
No 113 (55.9%) EFS was not reached, with 3-year and estimated 5-year EFS rates
Yes 89 (44.1%) of 74.7% and 66.5% (Figure S1A). The median time to 1st response

UADT involvement was 1.47 months (95% CI, 1.41-1.53 months) (Figure S1B). The
No 7 (3.5%) median DOR was not reached, and the 3-year DOR was 77.0%
Yes 195 (96.5%) (Figure S1C).

Circulating EBV-DNA In the univariate analysis for all patients, PFS was found signifi-
Negative 67 (33.2%) cantly associated with ECOG-PS (p < 0.001), extensive primary tumor
Positive 117 (57.9%) (p < 0.001) and circulating EBV-DNA (p = .025) (Table S3). We fur-
Unknown or missing 18 (8.9%) ther used the information of 184 patients with available EBV-DNA

data in multivariate analysis. In multivariate Cox regression model,

Elevated LDH .

ECOG-PS (HR 3.042, 95%Cl 1.468-6.306, p = 0.003) and extensive
No 147 (72.8%) .

primary tumor (HR 3.660, 95%Cl 1.820-7.359, p < 0.001) were the
Yes 55 (27.2%) . . .

independent prognostic factors for PFS (Table S4). The OS was signifi-

PI cantly associated with age (p = 0.008), ECOG-PS (p < 0.001), exten-
Low-risk 186 (92.1%) sive primary tumor (p = 0.001) and circulating EBV-DNA (p = 0.022)
Intermediate-low-risk 16 (7.9%) in univariate analysis (Table S3). These four clinical parameters were
Intermediate-high-risk 0(0.0%) included in multivariate analysis of the 184 patients who had available
High-risk 0 (0.0%) circulating EBV-DNA records. Finally, extensive primary tumor

KPI (HR 3.825, 95%Cl 1.442-10.148, p = 0.007) and ECOG-PS (HR
Group 1 56 (27.7%) 3.983, 95%Cl 1.678-9.457, p = 0.002) were found independently
Group 2 80 (39.6%) associated with OS (Table S4).

e 53 (26.2%) The median time to next therapy was not reached, and the 3-year
o) (e . .
Group 4 13 (6.4%) rate was 74.5% (Figure S2A). Among the 53 patients experienced PD,

PINK the information on the salvage regimens of 43 patients were col-

lected. The salvage regimens included asparaginase-containing che-
Low-risk 170 (84.2%) i
motherapy (N = 13), non-asparaginase based chemotherapy (N = 5),
N o
Intermediate-risk 31(15.3%) programmed death protein-1 (PD-1)/chidamide-containing regimens
High-risk 1(0.5%)

(N = 21), and other regimens (N = 4) (included programmed death
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1 ligand 1 inhibitor, mitoxantrone, and selinexor). No significant differ-
ences were observed in OS among the four groups (p = 0.415)
(Figure S2B).

3.4 | Prognostic value of established model
We compared the prognostic significance of IPI, KPI, PINK, PINK-E,
and NRI to select the optimal prognostic prediction model for
early-stage ENKTL patients receiving sequential P-GEMOX and
radiotherapy.

The IPI model demonstrated satisfactory PFS (p = 0.005) and OS
(b < 0.001) differences between the low-risk and intermediate-low-
risk group, however, 92.1% of all patients were classified into the
low-risk group (Figure 2A,B). For the KPI model, distinction in survival
outcomes was observed between groups, but the severity of the
prognostic risk was not consistent with the grading of the index strati-
fication: group two had an obvious trend for longer PFS than group
one (p = 0.129), and no statistical survival differences were detected
between group one and group four (PFS, p = 0.389; OS, p = 0.271)
(Figure 2C,D). The difference of OS (p = 0.012) was observed
between the low-risk and intermediate-risk PINK group, but no statis-
tically significant difference was observed in PFS in these two groups
(b = 0.201) (Figure 2E,F). The prognosis of the 184 patients with avail-
able circulating EBV-DNA data at initial diagnosis was evaluated for
PINK-E model, and the low-risk group presented a trend for better
OS, but no statistically significant differences were detected in PFS
analysis (p = 0.478) or OS (p = 0.057) (Figure 2G,H). Also of concern
is the unbalanced population distribution of the three models, with
more than 80% of patients classified as low-risk.

For the NRI model, its corresponding PFS (p < 0.001) and OS
(p = 0.001) differences among different risk groups are shown in
Figure 21,J. Statistically significant differences were observed in the
low-risk versus intermediate-low-risk group (PFS, p = 0.003; OS,
p = 0.031) and the intermediate-low-risk versus intermediate-high-
risk group (PFS, p = 0.014; OS, p = 0.027). No survival differences
were detected between the intermediate-high-risk and the high-risk

group (PFS, p = 0.797; OS, p = 0.673). Thus, the patients in the inter-
mediate-high and the high-risk group were combined for analysis.
After combination, significant discriminations were also shown
between intermediate-low-risk group and intermediate-high—/high-
risk group (PFS, p = 0.007; OS, p = 0.007) (Figure 2K,L). The overall p
values were < 0.001 for the three risk groups and the number of
patients were 41 (20.3%), 75 (37.1%) and 86 (44.6%), respectively.

3.5 | Toxicity

Treatment-emergent adverse events (TEAES) of the patients are sum-
marized in Table 2. During the treatment, 99.0% of the patients
(200/202) experienced TEAEs and most of the TEAEs were grade
1-2. Grade 3-4 TEAEs with incidence rate > 10% were hematological
TEAEs: neutropenia (24.8%) and thrombocytopenia (15.3%). As for
non-hematological TEAEs, the incidence of all grades elevated amino-
transferase, hyperbilirubinemia and hypofibrinogenemia were 65.8%,
33.7% and 58.4%, respectively, but mostly grade 1-2. Four patients
experienced grade 1-2 pancreatitis during chemotherapy. Among the
195 patients who underwent radiotherapy, mucositis/stomatitis
occurred frequently with 12.8% of patients experienced grade 3-4
mucositis/stomatitis.

The vast majority of TEAEs were manageable and could be
resolved by corresponding interventions and proper postponement of
chemotherapy. Only four patients discontinued P-GEMOX chemo-
therapy because of severe toxicity (grade 4 neutropenia, N = 2; grade
3 vomiting, N = 1; and grade 3 elevated aminotransferase, N = 1) and
began radiotherapy according to the physicians’ instructions. The
number of P-GEMOX chemotherapy cycles received by the two
patients who discontinued due to neutropenia were two and four,
and they achieved CR and PR before discontinuation, respectively.
Another patient discontinued therapy due to vomiting after three
cycles obtained CR before discontinuation. Lastly, the one patient dis-
continued therapy due to elevated aminotransferase after four cycles
obtained SD before discontinuation. No treatment-related mortality

or new safety signal was observed.
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excluded from survival analysis. (I,J) PFS and OS stratified by the NRI model. (K,L) PFS and OS stratified by the NRI model after the combination
of intermediate-high-risk group and high-risk group. Log-rank p values are shown. EBV, Epstein-Barr virus; IPl, international prognostic index;
KPI, Korean prognostic index; NRI, nomogram-revised risk index; OS, overall survival; PFS, progression-free survival; PINK, prognostic index of
natural killer lymphoma; PINK-E, PINK model with circulating EBV-DNA [Color figure can be viewed at wileyonlinelibrary.com]

DISCUSSION

of patients with early-stage ENKTL. Our findings suggested that this

CMT showed promising results in both short-term responses and sur-

vival outcomes with moderate AEs. In the analysis of prognostic fac-

tors for survival, extensive primary tumor and ECOG-PS were
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TABLE 2 Treatment-emergent adverse events

All grades

Hematological adverse events

Neutropenia 158 (78.2%)

Thrombocytopenia 104 (51.5%)

Anemia 123 (60.9%)
Non-hematological adverse events

Nausea or vomiting 71 (35.1%)

Elevated aminotransferase 133 (65.8%)

Hyperbilirubinemia 68 (33.7%)

Hypofibrinogenemia 118 (58.4%)

Pancreatitis 4 (2.0%)

(

Mucositis/stomatitis 176 (90.3%)

e WiLey L

Grade 1-2 Grade 3-4
108 (53.5%) 50 (24.8%)
73 (36.1%) 31(15.3%)
116 (57.4%) 7 (3.5%)
65 (32.2%) 6 (3.0%)
126 (62.4%) 7 (3.5%)
64 (31.7%) 4 (2.0%)
100 (49.5%) 18 (8.9%)
4 (2.0%) 0(0.0%)
151 (77.4%) 25 (12.8%)

Note: Data are shown as number (%). Mucositis/stomatitis were analyzed in 195 patients who received radiotherapy.

important clinical parameters correlated with PFS and OS. Further
evaluation showed that the NRI model had optimal prognostic effi-
cacy with balanced patient distribution.

To our knowledge, this study reported the largest cohort of early-
stage ENKTL patients treated with a specific chemotherapy regimen
and radiotherapy. We found that the treatment of sequential
P-GEMOX and radiotherapy achieved an ORR of 96.0% and 83.2% of
patients achieving CR. The 3-year PFS and OS were 74.6% and
85.2%, respectively. The response rates and long-term survival out-
comes were comparable to prior studies for early-stage ENKTL,
including treatments of sequential chemoradiotherapy, CCRT and
sandwich chemoradiotherapy.t322-2431-37 additionally, the toxicity
of sequential P-GEMOX and radiotherapy was acceptable and man-
ageable. Our study presented with a similar safety profile compared
to CMT based on the P-GEMOX regimen or other pegaspargase-
containing regimen reported in previous studies for early-stage
ENKTL.1322-2434-38 Compared to CCRT with platinum-based chemo-
therapy in clinical trials, relatively lower incidence of severe neutrope-
nia/leukopenia in patients receiving sequential P-GEMOX and
radiotherapy were observed.>?"3® When compared to other rec-
ommended pegaspargase-based regimen, P-GEMOX showed lower
toxicity than AspaMetDex, SMILE (dexamethasone, methotrexate,
ifosfamide, pegaspargase, and etoposide) and DDGP (dexamethasone,
cisplatin, gemcitabine, pegaspargase) regimen, but the data of those
regimens were mainly based on advanced stage or r/r ENKTL
patients.2%?124 The summary of efficacy and toxicity data reported in
previous studies is presented in Tables S5, S6. The promising effec-
tiveness and moderate toxicity of sequential P-GEMOX and radiother-
apy supports the use of this CMT in localized ENKTL patients.

Sequential chemo radiotherapy has several advantages over
CCRT. First, some of the newly diagnosed ENKTL patients present
with systemic symptoms such as hyperpyrexia. Chemotherapy is a
rapid and effective therapeutic intervention to quickly relieve these
symptoms. Second, chemotherapy is more easily accessible than RT,
especially in countries, including China, with uneven distribution of

medical resources. Third, mucositis and stomatitis caused by RT can

negatively affect the patient's nutritional status and limit the dose of
chemotherapeutic drugs to be administered safely.

In our study, seven patients experienced PD in the process of
P-GEMOX chemotherapy and approximately one-quarter of patients
relapsed within 3 years. There is still room for improvement in PFS for
early-stage ENKTL patients. In recent years, programmed death
protein-1 (PD-1) blockade has shown great potential in the treatment
of refractory/relapsed ENKTL.*°"2 |n a previous study, we demon-
strated preliminary efficacy of the combined PD-1 inhibitor and
P-GEMOX regimen for advanced ENKTL, which achieved an ORR of
88.9% (77.8% CR) with manageable toxicities.*® Based on these find-
ings, we have initiated a multicenter, phase 3, randomized clinical trial
to compare the efficacy of sequential P-GEMOX and radiotherapy
with or without PD-1 inhibitor in newly diagnosed early-stage ENKTL
patients (ClinicalTrials.gov identifier: NCT04365036).

The invasiveness of primary tumor has been proved to be an
important indicator to predict long-term survival or guide treatment
for ENKTL in several studies. In 2005, Kim et al. showed that local
tumor invasiveness (LTI) could be regarded as a vital prognostic factor
for responses and survival outcomes.** Yang et al. constructed a new
prognostic nomogram for ENKTL with primary tumor invasion (PTI)
included and explored its efficiency in guiding treatment for
early-stage patients.*>*¢ Recently, this prognostic system was further
validated in non-anthracycline chemotherapy era.?” We used the defi-
nition of extensive primary tumor modified from the study of Li et al.
to evaluate primary tumor in our study.” Multivariate analysis revealed
that extensive primary tumor was one of the two independent
prognostic factors for both PFS and OS, which was consistent with
previous studies. Imaging evaluation of the primary tumor should be
one of the routine examinations in early diagnosis, and it might be one
of the stratification factors for treatment decision-making for ENKTL
patients in the future.

Circulating EBV-DNA is derived from the apoptosis and necrosis
of tumor cells in ENKTL patients, and has been observed to have
important predictive value in ENKTL patients.®4”~4° However, inter-

estingly, circulating EBV-DNA was not an independent prognostic
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factor for survival outcomes in our study. As a potential factor
reflecting tumor burden, circulating EBV-DNA might largely overlap
with extensive primary tumor for early-stage patients who had local-
ized disease. Furthermore, nearly half of the data in our study was lack
of actual numerical value of circulating EBV-DNA, and were recorded
only as dichotic variables. Thus, we only divided circulating EBV-DNA
into detected or undetected group, which could not ideally reflect the
viral load of the patients. Future studies are warranted to further clar-
ify the optimal cut-off value of EBV-DNA.

Currently, the optimal prognostic model for ENKTL remains
undefined. Several studies have constructed new prognostic models
that presented with better predictive efficiency than the traditional IPI
score.2”"2? However, the construction of these models was based on
patients with all stages of the disease, and the prognostic value for
early-stage ENKTL needs to be further validated. The IPI was first pro-
posed for patients with aggressive non-Hodgkin's lymphoma.?® Thus, it
might not apply for early-stage ENKTL, which was a distinct subtype of
non-Hodgkin lymphoma presenting with localized disease. KPI, PINK
and PINK-E contain risk factors that are not applicable or barely applica-
ble for early-stage patients. These reasons could explain why those
models did not apply for the patients in our study.?”-2° Those models
might perform well for advanced-stage ENKTL patients. In comparison,
the NRI model showed optimal patient distribution and predictive ability
for prognosis. The primary tumor invasiveness and ECOG-PS were
important risk-stratified factors in our study. Besides, the other three
unfavorable risk factors (age >60 years, stage Il and elevated LDH) also
showed a trend for the distinction of survival. Based on the findings of
our study, the NRI model is preferred for early-stage patients treated
with sequential P-GEMOX and radiotherapy, however, verification is
still needed for patients receiving other CMT.

In addition to prognostic models containing clinical features, the
molecular cytogenetic characterization of ENKTL has been investi-
gated to establish molecular models. Xiong et al. reported three
molecular subtypes of ENKTL based on genomic alternations that
have potential value in guiding targeting therapy.’® Recently, our team
identified a seven-single-nucleotide polymorphism-based signature
that could predict the survival outcomes of ENKTL patients and might
help guide clinical decision-making.>® Future studies focusing on
genetic features of ENKTL could improve the accuracy of prognostic
prediction and help to obtain better understandings of this disease.

There were several limitations in our study. First, the retrospec-
tive nature of this study might introduce selection bias. Second, the
number of patients in several subgroups such as ECOG-PS = 2 and
non-UADT involvement, was relatively small and might have affected
the results of prognostic analysis. Third, the study population was
from China, which could only represent the features of ENKTL in this
endemic region. Further studies are needed to validate the effective-
ness and safety profile of applying sequential P-GEMOX and radio-
therapy in larger sample size and multiple patient populations.

In conclusion, this multicenter retrospective study illustrated that
sequential P-GEMOX chemotherapy and radiotherapy was associated
with promising efficacy and manageable toxicity, and could be consid-

ered as a valid treatment option for patients with early-stage ENKTL.
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