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of Henan Province, Zhengzhou, China

Clinically, extranodal natural killer/T-cell lymphoma (ENKTL) patients frequently had a
history of chronic rhinosinusitis (CRS) before onset, and the correlation between the two
diseases has not been systematically reported at present. In this study, we applied the
method —retrospective analysis—to explore the relationship between CRS and ENKTL.
We collected clinical data and the length of CRS history before onset in 214 patients
diagnosed with ENKTL and found that the length of CRS history was correlated with the
stage of 182 ENKTL patients whose primary sites were upper aerodigestive tract (UAT)
(;52 = 21.317, p = 0.046, n = 182); the Spearman correlation coefficient was 0.162
(o = 0.029). There was no significant difference in stage of the non-UAT-ENKTL patients
(x* = 18.910, p = 0.091, n = 32). The COX multivariate regression analysis showed that
CRS history was an independent prognostic predictor for PFS of the UAT-ENKTL patients
(o = 0.004), and patients without CRS had significantly better PFS than the more than 15
years CRS history group (o = 0.001). Our findings suggested that we should not ignore the
existence of chronic inflammation of the nasal cavity in ENKTL patients. It is better to treat
CRS as soon as possible in clinical practice to reduce the possibility of the occurrence or
progression of UAT-ENKTL.

Keywords: extranodal natural killer/T-cell ymphoma (ENKTL), chronic rhinosinusitis (CRS), stage, prognosis, effect

INTRODUCTION

Extranodal natural killer/T-cell lymphoma (ENKTL) is an unusual subtype of non-Hodgkin’s
lymphoma (NHL) with distinctive clinicopathological and aggressive clinical features (1). This
disease is more common among Asians and South Americans than in Western populations (2). The
Epstein-Barr virus (EBV) infection plays an important role in the incidence and progression of
ENKTL (3, 4). Most cases of ENKTL occurs in the upper aerodigestive tract (UAT); typically
presents in the nasal cavity or nasopharynx with a common symptom of nasal obstruction, epistaxis,
or nasal-space-occupying lesions; and progressively invades adjacent soft tissues and bone as the
disease progresses (3, 5, 6). Other cases that present outside the UAT have similar histological
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features; their common primary sites include the skin, testis,
gastrointestinal tract, and so on (6, 7). In recent years, despite the
L-asparaginase (L-Asp)-based chemotherapy, radiotherapy, or
immunotherapy brought a better response rate, due to the highly
aggressive features of ENKTL, the prognosis of patients was still
poor (1, 4, 8).

Chronic rhinosinusitis (CRS) is a common disease that
presents as persistent inflammation of the mucosa of the nose
and paranasal sinuses (9, 10). Clinically, we observed that
ENKTL patients whose primary site was the UAT frequently
had a history of CRS before onset. Previous studies have
demonstrated that chronic inflammation is intimately
correlated with the incidence and progression of various
tumors (11-13). However, there have been no studies
specifically focused on the correlation between ENKTL and
CRS. In this study, we aimed to elucidate the relationship
between CRS and the clinical characteristics, response rates,
and survival outcomes for ENKTL.

PATIENTS AND METHODS

Patients

All 214 patients diagnosed with ENKTL (nasal type) at the
Lymphoma Diagnosis and Treatment Center of Henan
Province, the First Affiliated Hospital of Zhengzhou University
between May 2008 to March 2021 were systematically reviewed
in this study. The inclusion criteria were as follows: (a) diagnosis
of ENKTL (nasal type) according to histological features and
immunophenotypic characteristics as described in the WHO
Classification of Tumors of Hematopoietic and Lymphoid
Tissues (14); (b) a set of complete clinical materials, laboratory,
imaging, and treatment data; and (c) no concomitant other types
of malignancies. This study was approved by the Ethics
Committees of the First Affiliated Hospital of Zhengzhou
University; the ethics number is 2021-KY-0590.

The clinical characteristics of all 214 patients were collected,
including age, sex, the length of the history of CRS before
ENKTL onset, the Chinese Southwest Oncology Group
(CSWOG) and Asia Lymphoma Study Group (ALSG) ENKTL
system (CA) stage (15), B symptoms, nomogram-revised index
(NRI) score, prognostic index for natural killer/T-cell
lymphoma-EBV (PINK-E) score, EBV-DNA level, lactate
dehydrogenase (LDH) level, B,-microglobulin (,-MG) level,
bone marrow involvement, treatment modalities, date of initial
treatment, response to therapy, date of relapse/progression, date
of the last follow-up, and survival status. According to the
European Guidelines for the Diagnosis and treatment of
sinusitis nasal polyps (EPOS 2020), the CRS is diagnosed by
existing symptoms of nasal obstruction, rhinorrhea, epistaxis, or
hyposmia, and lasts 12 weeks at least. The results of nasal
endoscopy, sinus computed tomography (CT), or magnetic
resonance imaging (MRI) were as references (16). The ENKTL
patient who excludes a CRS diagnosis must satisfy at least one of
the following two conditions in addition to denying any
persistent CRS-related symptoms: (a) medical records showed

no symptoms of CRS or the onset of related symptoms for <12
weeks, and (b) imaging data before initial treatment showed no
signs of CRS.

Treatment Modalities

The initial treatment modalities of all 214 patients included
chemotherapy alone, radiotherapy alone, combined
radiotherapy, and chemotherapy. According to the CA staging
system and NCCN Clinical Practice Guidelines in Oncology,
patients in stages I-II were mostly treated with the combination
of radiotherapy and chemotherapy, and radiotherapy alone was
feasible for some patients. Patients in stages III-IV were mostly
treated with chemotherapy alone (17). The median radiation dose
was 50 Gy (range, 22-60 Gy). The main chemotherapy protocols
were DDGP protocol (Dexamethasone, Cisplatin, Gemcitabine,
and Pegaspargase), SMILE protocol (Dexamethasone,
Methotrexate, Ifosfamide, Pegaspargase, and Etoposide), and P-
GEMOX protocol (Pegaspargase, Gemcitabine, and Oxaliplatin).
The detailed information is specified in Table 1.

Evaluation

The response evaluation was done every two cycles. Methods of
assessing efficacy included CT or positron emission tomography-
computed tomography (PET-CT); if necessary, we combined
with color Doppler ultrasound, MRI, and bone marrow
puncture. Based on the Lugano Classification, the clinical
response of patients was categorized as complete response
(CR), partial response (PR), stable disease (SD), or progressive
disease (PD). The objective response rate (ORR) was defined as
the percentage of patients who achieved CR or PR (18). The
long-term clinical efficacy was assessed with overall survival (OS)
and progression-free survival (PFS). The disease control rate
(DCR) was calculated from the percentage of CR + PR+ SD
patients among all individuals. OS was defined as the time
interval starting from the day of therapy to the final follow-up
or death. PFS was calculated from the date of starting therapy to
the date of disease progression or final follow-up.

Statistical Analyses

All statistical analyses were performed using IBM SPSS 26.0
software and GraphPad Prism 8 software. The difference in
categorical variables was compared by Pearson chi-square
analysis. Kaplan-Meier curves and the log-rank test were used
to evaluate OS and PFS. Prognostic risk factors were estimated
with univariate analysis. Significant factors were further
estimated by multiple factors analysis of the Cox proportional
hazards regression model. A level of p < 0.05 was considered
statistically significant, and all tests were two-sided.

RESULTS

Patient Characteristics

The characteristics of all 214 patients are listed in Table 2. The
median age was 43 years (range, 11-76 years), and the ratio of
male to female was 2.29:1. Eighty-five percent of the patients (n =
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TABLE 1 | Initial treatment modalities based on the subtype and CA staging.

Treatment modalities UAT-ENKTL, n (%) Non-UAT-ENKTL, n (%)
Stage I/l n=117 n=11
Chemotherapy alone

DDGP 21 6
SMILE 1 0
VIPD 2 0
ELSE 1 0
Combined radiotherapy and chemotherapy?®

DDGP 64 4
VIPD 12 0
DICEL 2 0
CHOP-like 2 0
AspaMetDex 1 1
Radiotherapy alone 11 0
Stage lll/IV n =65 n=21
Chemotherapy alone

DDGP 53 16
SMILE 5 2
P-GEMOX 1 3
VIPD 1 0
DICEL 1 0
CHOP-like 4 0

ACombined treatment of three to six cycles of chemotherapy in conjunction with radiotherapy.

DDGP, Dexamethasone, Cisplatin, Gemcitabine, Pegaspargase; SMILE, Dexamethasone, Methotrexate, lfosfamide, Pegaspargase, Etoposide; P-GEMOX, Pegaspargase, Gemcitabine,
Oxaliplatin; VIPD, Etoposide, Cisplatin, lfosfamide, Dexamethasone; DICEL, Dexamethasone, Ifosfamide, Cisplatin, Etoposide, L-asparaginase; CHOP-like, Cyclophosphamide,
Doxorubicin, Vincristine, Dexamethasone, Etoposide/L-asparaginase; AspalMetDex, L-asparaginase, Methotrexate, Dexamethasone; UAT, upper aerodigestive tract; ENKTL, natural
killer/T-cell lymphoma, nasal type.

182) were diagnosed as UAT-ENKTL. B symptoms were For the ENKTL patients whose primary site was UAT, 182
presented in 89 patients (41.6%). Fifty patients (23.4%) had  patients were divided into five groups based on the length of their
stage IV disease. Elevated EBV-DNA level was detected in 60  history of CRS before onset obtained from follow-up. As was
patients (38.0%) at first diagnosis. 107 patients had an NRI score ~ shown in Table 3, the five groups were named as non-CRS
of 3-5. In 168 patients (78.5%), a history of CRS existed before ~ group, 0-5 years group, 5-10 years group, 10-15 years group,
being diagnosed as UAT-ENKTL. and more than 15 years group. We found that there was no

TABLE 2 | Characteristics of 214 ENKTL patients.

Characteristics n (%) Characteristics n (%)

Sex CA stage
Male 149 (69.6) | 58 (27.1)
Female 65 (30.4) I 70 (32.7)

Age (years) 1l 36 (16.8)
<60 182 (85.0) IV 50 (23.4)
>60 32(15.0) LDH level

B symptoms Normal 131(61.2)
Yes 89 (41.6) Elevated 83 (38.9)
No 125 (58.4) B2-MG level

NRI score Normal 154(72.0)
0-2 107(50.0) Elevated 60 (28.0)
3-5 107(50.0) Primary sites of tumor

PINK-E score UAT 182(85.0)
0-1 157(73.4) Non-UAT 32 (15.0)
2-3 57 (26.6) Treatment modalities

EBV-DNA level Radiotherapy 11 (6.1)
Normal 154(72.0) Chemotherapy 117 (54.7)
Elevated 60 (28.0) Radiotherapy and chemotherapy 86 (40.2)

Bone marrow involvement CRS history
Absence 205(95.8) Yes 168(78.5)
Presence 9(4.2) No 46(21.5)

ENKTL, natural killer/T-cell ymphoma, nasal type; CA stage, the Chinese Southwest Oncology Group (CSWOG) and Asia Lymphoma Study Group (ALSG) ENKTL system (CA) stage; IPI,
International Prognostic Index; PINK-E, the prognostic index for natural killer/T-cell lymphoma-EBV; NRI, nomogram-revised index; EBV, Epstein—-Barr virus; LDH, lactate dehydrogenase;
B-MG, B2-microglobulin; UAT, upper aerodigestive tract; CRS, chronic rhinosinusitis.
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TABLE 3 | Comparison of clinical characteristics of 182 UAT-ENKTL patients with non-CRS group, CRS history of 0-5 years group, 5-10 years group, 10-15 years
group, and more than 15 years group.

Characteristics non-CRS group, n CRS history x2 p-
(%) value
0-5 years group, n  5-10 years group, n  10-15 years group, More than 15 years group,
(%) (%) n (%) n (%)
Sex 6.619 0.157
Male 21(70.0) 51(71.8) 22(71.0) 12(52.2) 23(85.3)
Female 9(30.0) 20(28.2) 9(29.0) 11(47.8) 4(14.8)
Age (years) 2.632 0.621
<60 23(76.7) 60(84.5) 28(90.3) 18(78.3) 23(85.2)
>60 7(23.3) 11(15.5) 39.7) 521.7) 4(14.8)
CA stage 21.317 0.046*
| 14(46.7) 22(28.2) 4(12.9) 6(26.1) 6(22.2)
[ 6(20.0) 32(45.1) 12(38.7) 12(52.2) 6(22.2)
Il 5(16.7) 8(11.3) 7(22.6) 3(13.0) 8(29.6)
\Y 5(16.7) 11(15.5) 8(25.8) 2(8.7) 7(25.9)
B symptoms 3.671 0.452
Yes 8(26.7) 31(43.7) 3(41.9) 8(34.8) 13(48.1
No 22(73.9) 40(56.3) 18(58.1) 15(65.2) 14(51.9)
NRI score 4.349 0.361
0-2 16(53.3) 36(50.7 17(54.8 16(69.6) 11(40.7
3-5 14(46.7) 35(49.3) 14(45.2) 7(30.4) 16(59.3
PINK-E score 7.745 0.101
0-1 25(83.9) 58(81.7) 20(64.5) 21(91.3) 19(70.4)
2-3 5(16.7) 13(18.3) 11(35.5 2(8.7) 8(29.6)
EBV-DNA level 2.514 0.642
Normal 24(80.0) 50(70.4 21(67.7 19(82.6) 20(74.1)
Elevated 6(20.0) 21(29.6 10(32.3 4(17.4) 7(25.9)
LDH level 1.381 0.847
Normal 21(70.0) 44(62.0; 18(58.1 16(69.6) 17(63.0)
Elevated 9(30.0) 27(38.0) 13(41.9 7(30.4) 10(37.0)
B2-MG level 2311  0.679
Normal 20(66.7) 57(80.3 24(77.4) 18(78.3) 20(74.1)
Elevated 10(33.3) 14(19.7 7(22.6) 5(21.7) 7(25.9)
Bone marrow 0.146  0.997
involvement
Presence 1(3.9) 2(2.8) 1(8.2) 1(4.9) 18.7)
Absence 29(96.7) 69(97.2) 30(96.8) 22(95.7) 26(96.3)
Treatment modalities 7.191 0.516
Radiotherapy 4(13.3) 3(4.2) 2(6.5) 3(13.6) 0(0.0)
Chemotherapy 11(36.7) 30(42.3) 15(48.4) 8(36.4) 12(44.4)
Radiotherapy and 15(50.0) 8(53.5) 14(45.2) 12(50.0) 15(55.6)
chemotherapy

ENKTL, natural killer/T-cell lymphoma, nasal type; UAT, upper aerodigestive tract; CRS, Chronic rhinosinusitis; CA stage, the Chinese Southwest Oncology Group (CSWOG) and Asia
Lymphoma Study Group (ALSG) ENKTL system (CA) stage, PINK-E, the prognostic index for natural killer/T-cell lymphoma-EBV; NRI, nomogram-revised index; EBV, Epstein—Barr virus;
LDH, lactate dehydrogenase; B.-MG, B2-microglobulin.

*0 < 0.05.

obvious difference between the most clinical characteristics (p >
0.05) except for the CA stage (y* = 21.317, p = 0.046) in the five
groups; the Spearman correlation coefficient was 0.162 (p =
0.029). There was no significant difference in the CA stage of
the non-UAT-ENKTL patients (y* = 18.910, p = 0.091).

Response

All 182 patients of UAT-ENKTL accepted initial treatments
including chemotherapy alone (n = 76), radiotherapy alone (n =
12), and combined radiotherapy and chemotherapy (n = 94). The
overall response rate (ORR) was 76.9%, with complete response
(CR) achieved by 102 patients (56.0%) and partial response (PR)
achieved by 38 patients (20.9%). The disease control rate (DCR)
was 82.4%, with stable disease (SD) of 5.5% (n=10). There was no

obvious statistical difference in response rates of initial treatment
between the non-CRS group, 0-5 years group, 5-10 years group,
10-15 years group, and more than 15 years group (ORR, 70.0% vs.
74.6% vs. 80.6% vs. 78.3% vs. 85.2%, p = 0.677; DCR, 80.0% vs.
78.9% vs. 87.1% vs. 87.0% vs. 85.2%, p = 0.795; CR, 53.3% vs. 57.7%
vs. 54.8% vs. 47.8% vs. 63.0%, p = 0.853).

Survival Outcome and Prognosis

All patients were followed up to January 1, 2022, with a median
follow-up time of 28.5 months. As shown in Figure 1, the 3- and
5-year PFS were 66.0% and 51.1%, and 3- and 5-year OS were
85.1% and 73.4%, respectively, as illustrated in Figures 1A, B.
The significant factors of PFS or OS with univariate survival
analysis are listed in Table 4. The 5-year PFS of UAT-NKTCL
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FIGURE 1 | Kaplan-Meier survival curve of UAT-ENKTL patients. Overall survival (A) and progression-free survival (B) in the total 182 of UAT-ENKTL patients.

patients in the non-CRS and CRS groups were 65.3% and 47.9%,
respectively (y° = 21.317, p = 0.046), as illustrated in Figures 2A.
No significant difference was noted in OS between the two
groups (x* = 0.025, p = 0.874), and significant differences were
noted in PFS between the groups of UAT-ENKTL patients
according to the length of CRS history (p = 0.001; p < 0.001),
as illustrated in Figures 2B, C. Moreover, the UAT-ENKTL
patients with the non-CRS group have better PES than the more
than 15 years CRS history group, which were significantly
different (p = 0.001), as illustrated in Figure 2D. The OS was
significantly higher in the EBV-DNA normal group than EBV-
DNA elevated group (y° = 5.244, p = 0.022). However, no
survival difference was found in PFS between the two groups
(p = 0.169), as illustrated in Figures 3A, B.

The multivariate survival analysis validated by the 10-fold
cross method indicated that CA stage (HR = 1.920; 95% CI,
1.132-3.258, p = 0.004) and CRS history (p = 0.004) was an
independently prognostic predictor for PFS in Table 5. NRI
score was an independently prognostic predictor for OS (HR =
4.060; 95% CI, 1.821-9.050, p = 0.001) (Figure 4).

DISCUSSION

As an aggressive non-Hodgkin’s lymphoma, ENKTL has a high
degree of malignancy and poor prognosis. Early symptoms of
ENKTL patients are often atypical, mainly manifested as nasal
congestion, nasal bleeding, nasal polyps, etc. (19, 20). It is easy to be
misdiagnosed because of the similar symptoms between ENKTL of
early stage and CRS. Clinically, we found that ENKTL patients
often have a history of CRS before onset, and the correlation
between the two diseases has not been systematically reported at
present. In this study, the relationship between CRS and UAT-
ENKTL was systematically analyzed for the first time, and it was
found that the course of CRS was correlated with the CA stage of
the UAT-ENKTL patients. CRS history as an independent
prognostic predictor for PFS; the UAT-ENKTL patients without
CRS has significantly better PES than the patients with CRS history
for more than 15 years, but there was no significant effect on the
short-term efficacy and OS of UAT-ENKTL patients.

Chronic inflammation plays an important role in the
occurrence and development of tumors. The relationship
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TABLE 4 | Univariate analysis of prognostic factors for PFS and OS.

Prognostic factors PFS

HR (95% Cl)

Sex 1.075 (0.634-1.824)
Age 1.505 (0.766-2.956)
CRS history 2.273 (1.218-4.243)
CA stage 2.004 (1.178-3.412)
B symptoms 1.128 (0.686-1.858)
NRI score 1.399 (0.853-2.294)
PINK-E score 1.170 (0.604-2.264)
EBV-DNA level 1.446 (0.805-2.598)
LDH level 1.597 (0.929-2.746)
Bo-MG level 1.307 (0.721-2.368)
Bone marrow involvement 1.325 (0.716-2.453)

Treatment modalities -

p-value

0.787
0.297
0.046*
0.004*
0.627
0.171
0.617
0.169
0.078
0.337
0.842
0.054

0os
HR (95% Cl)

0.992 (0.431-2.285)
2.458 (0.785-7.701)
1,082 (0.398-2.940)
4115 (1.798-9.415)
1.787 (0.822-3.881)
4.590(2.107-10.001)
4.249 (1.519-11.890)
2.383 (0.997-5.697)
2.222 (0.968-5.100)
2.855 (1.147-7.108)
0.332 (0.011-9.680)

p-value

0.985
0.034*
0.874
0.000"
0.135
0.000*
0.000*
0.022*
0.035*
0.005*
0.256
0.000*

Cl, confidence interval; HR, hazard ratio; CRS, Chronic rhinosinusitis; CA stage, the Chinese Southwest Oncology Group (CSWOG) and Asia Lymphoma Study Group (ALSG) ENKTL
system (CA) stage; PINK-E, the prognostic index for natural killer/T cell lymphoma-EBV; NRI, nomogram-revised index; EBV, Epstein-Barr virus; LDH, lactate dehydrogenase; fo-MG, Bo-

microglobulin; PFS, progression-free survival; OS, overall survival.
*p < 0.05.
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FIGURE 2 | Survival analyses by CRS history. Progression-free survival (A) of UAT-ENKTL patients with non-CRS group versus CRS group; progression-free
survival (B) of UAT-ENKTL patients according to the length of CRS history (non-CRS group, 0-5 years group, 5-10 years group, 10-15 years group, more than 15
years group); progression-free survival (C) of non-CRS group, 0-10 years group, and more than 10 years group of all 182 UAT-ENKTL patients; progression-free
survival (D) of UAT-ENKTL patients with non-CRS group and more than 15 years group. CRS, chronic rhinosinusitis; ENKTL, natural killer/T-cell lymphoma, nasal

between chronic inflammation and tumors has been extensively
studied since Rudolf Virchow noticed white blood cells in tumor
tissues and believed that tumors originated from the site of
chronic inflammation in 1863 (21). Many studies have shown

that 15%-20% of tumors are related to chronic inflammation
(11, 22). Over the past 20 years, a large amount of experimental
and clinical evidence has shown that chronic inflammations act
on all stages of occurrence and development of tumors. Chronic
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FIGURE 3 | Survival analyses by EBV-DNA. Progression-free survival (A) and
overall survival (B) of EBV-DNA level of UAT-ENKTL patients. ENKTL, natural
killer/T-cell lymphoma, nasal type; UAT, upper aerodigestive tract; EBV,
Epstein-Barr virus.

inflammations drive cell transformation and tumor initiation
through gene mutation or epigenetic mechanism and promote
tumor cell proliferation, anti-apoptosis, invasion, and metastasis
by establishing a tumor microenvironment (TME). In addition,
the effective immune response to tumors can be prevented by
establishing an immune suppression mechanism (23, 24).

Our results indicated that the presence of CRS affects the
clinical characteristics and prognosis of UAT-ENKTL patients to
a certain extent, and CRS may be one of the important factors
promoting the occurrence and progression of ENKTL. Although
there is not enough direct evidence in vitro and in vivo to prove
the correlation between the two, a large amount of indirect
evidence has proved that CRS can have systemic effects either
directly through the release of inflammatory mediators or
indirectly by altering inflammatory homeostasis and the
delicate balance of the organism with the commensal flora and
promote the formation and progression of ENKTL (12).

First, in UAT-ENKTL, CRS altered local control of tissue
homeostasis and genetic stability, inducing DNA damage and
genomic instability. In inflammatory tissues, increased tissue
damage, repair, and cell proliferation increase the likelihood of
mutations or chromosomal translocations during mitosis.

Activated inflammatory cells are the source of reactive oxygen
species (ROS) and reactive nitrogen intermediates (RNI), which
induce DNA mutations and epigenetic modifications of proto-
oncogenes and tumor suppressor genes and increase genetic
instability and DNA replication error rate (24). Among these,
nitric oxide (NO) and its derivatives can regulate the tumor
suppressor gene Tp53. Under normal circumstances, NO can
stabilize and activate Tp53 and induce apoptosis of cancer cells,
and when Tp53 is mutated, NO can help tumor cell proliferation
(25). Through analysis of second-generation gene sequencing
technology, researchers found that Tp53 mutations frequently
occur in ENKTL. Ye Ziyin et al. showed that the high expression
of tumor suppressor protein p53 encoded by the Tp53 gene was
closely related to ENKTL staging (26). MicroRNA (miRNA)
expression is another tumor-promoting pathway of chronic
inflammation, which stimulates miRNA-155 overexpression
and allows inflammatory cells to produce DNA-mutating
mediators in a paracrine manner (24). Zhang Xudong et al.
found that miRNA-155 was highly expressed in ENKTL cell lines
SNK-6 and YTS, especially in advanced ENKTL patients (27, 28).
These results suggest that CRS can promote T/NK cell
aggregation and increase its genetic instability, which is a key
driver of ENKTL at the genetic level. The difference between
Tp53 mutation and miRNA-155 overexpression in ENKTL
staging suggests that this may be one of the reasons for the
correlation between the CRS and CA stages.

Second, in addition to genetic instability, abnormal proliferation
of T/NK cells is another key process of ENKTL. CRS promotes
proliferation and anti-apoptosis of the tumor. Long-term
stimulation and release of a large number of inflammatory
factors can activate nuclear factor-kB (NF-xB) and signal
activator of transcription; (STAT;). They have been involved in
the NF-kB, and JAK-STAT signaling pathways play an important
role as a bridge between tumor cells and inflammatory cells. Their
activation causes the continuous release of cytokines and active
mediators and induces malignancies. At the same time, they also
enhance the proliferation and adhesion ability of malignant cells,
promote the expression of anti-apoptotic genes, further release
inflammatory mediators, and form a positive feedback
amplification loop between inflammation and tumor (24). In
addition, both NF-kB and STAT; interfere with p53 synthesis
and attenuate p53-mediated genomic surveillance (25). Abnormal
activation of NF-kB and JAK-STAT] signaling pathways have been
demonstrated to be common in ENKTL (29-32). Therefore, we
believed that there was also a positive feedback effect between CRS
and ENKTL, and the amplification of the inflammatory effect not
only promotes the occurrence of ENKTL but also promotes the
transition of ENKTL from limited to the progressive stage. The
accumulation of positive feedback effect may be another reason
why the history length of CRS is correlated with ENKTL staging.

Third, the progression of ENKTL is a multistage process, and
local invasion and distant metastasis of tumor cells are essential. A
large number of inflammatory factors generated in the
inflammatory microenvironment promote the establishment of
TME, and tumor-associated macrophages (TAMs) are the most
common immune cell in TME (33). TAMs also induced the
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TABLE 5 | Multivariate analysis of prognostic factors for PFS and OS.

Prognostic factors
HR (95% CI)

Age -
CA stage 1.920 (1.132-3.258)
NRI score -
PINK-E score -
EBV-DNA level -
LDH level -
Bo-MG level -
Treatment modalities -
CRS history -
0-5 years group vs. Non-CRS group 1.723 (0.685-4.337
5-10 years group vs. Non-CRS group 1.450 (1.450-4.093
10-15 years group vs. Non-CRS group 4.143 (4.143-1.543
(

)
)
)
More than 15 years group vs. Non-CRS group 3.596 (3.596-1.409)

PFS oS
p-value HR (95% Cl) p-value

- - 0.466
0.016* - 0.122
0.506 4.060 (1.821-9.050) 0.001*
0.569 - 0.113
0.202 - 0.497
0.134 - 0.700

- - 0.105
0.188 - 0.098
0.004* - 0.772
0.248 - 0.965
0.483 - 0.306
0.005* - 0.820
0.007* - 0.297

Cl, confidence interval; HR, hazard ratio; CRS, Chronic rhinosinusitis; CA stage, the Chinese Southwest Oncology Group (CSWOG) and Asia Lymphoma Study Group (ALSG) ENKTL
system (CA) stage; PINK-E, the prognostic index for natural Killer/T cell lymphoma-EBV; NRI, nomogram-revised index; EBV, Epstein-Barr virus; LDH, lactate dehydrogenase; 2-MG, [2-

microglobulin; PFS, progression-free survival; OS, overall survival.
*p < 0.05.

production of vascular endothelial growth factor (VEGF) and
matrix metalloproteinases (MMPs). They are necessary conditions
for angiogenesis, tissue destruction, tumor invasion, and
metastasis (34, 35). Wang et al. showed that TAMs content is
closely related to clinical characteristics such as B symptom and
LDH level of ENKTL patients, and high TAMs content may be a
poor prognostic factor of ENKTL (36). We believe that long-term
inflammatory stimulation increases the local TAMs content in the
nasal cavity and promotes the expression of VEGF and MMPs,
thus enhancing the invasion ability of ENKTL and promoting its
invasion of surrounding tissues and distant metastasis, which may
be an important reason why CRS affects PFS in ENKTL patients.

Fourth, the initiation and progression of ENKTL depend on the
inhibition of normal immune response. The existence of tumor
immune surveillance mechanism inhibits the occurrence and
progress of tumor, but as a result of inflammatory factors of long-

——NRI Score 0~2 Group
100 ——  NRI Score 3~5 Group

Overall Survival (%)
3

P=0.000

0 20 40 60 80 100 120
Time / Months

FIGURE 4 | Survival analyses by NRI score. Overall survival of UAT-ENKTL
patients according to NRI score (0-2 group versus 3-5 group). ENKTL,
natural killer/T-cell lymphoma, nasal type; UAT, upper aerodigestive tract;
NRI, nomogram-revised index.

term stimulation and formation of TME, tumor cells constantly edit
and adjust the host antitumor immune response, finally breaking
the balance between the antitumor immunity and tumor-promoting
immunity, resulting in immune escape (35, 37). The tumor-
mediated immune regulation mainly affects the function of
related immune cells by secreting soluble mediators. For example,
the expression of programmed cell death-ligand 1 (PD-L1) can
inhibit the killing ability of T cells (22). Wen et al. confirmed that
the expression of PD-L1 is closely related to the progress of ENKTL,
and it has been reported that PD-1/PD-L1 inhibitor can benefit
ENKTL patients (38, 39). Therefore, inducing PD-L1 expression to
help tumor cells escape immune surveillance may be one of the
mechanisms by which CRS promotes ENKTL progress.

Finally, Epstein-Barr virus (EBV) has an infection rate of up to
90% in the population. After infection, EBV can lie dormant in B
cells until it is reactivated and has a strong ability to promote
lymphocyte growth and transformation, which is also considered
an important pathogenic factor of ENKTL (40, 41). In our study, 60
(28.0%) of 214 ENKTL patients had elevated plasma EBV-DNA
load, and EBV-encoded RNA (EBER) expression was positive in
almost all patients. The presence of CRS causes immune
dysfunction and may lead to the reactivation of EBV, which
promotes the occurrence of ENKTL and promote its progression.
Under the continuous stimulation of chronic inflammatory
response or immune disorders, the infected cells enter the viral
lysis cycle and transmit the virus to T cells or NK cells, leading to
the occurrence of ENKTL (40, 41). EBV genomes can be embedded
into host cells to produce various antigens, such as latent
membrane protein (LMP1), LMP2A, and Epstein-Barr nuclear
antigenl (EBNAI1) (42). LMP1 was considered as the most
important oncoprotein of EBV-related proteins, which regulates
NF-xB, Phosphatidylinositol-3-kinase (PI3K), JAK-STAT, and
other signaling pathways and mediates proliferation, invasion,
and metastasis of ENKTL tumor cells by upregulating expression
of PDL1 (38, 39). LMP2A also induces epigenetic changes in the
body genome through CpG island methylation and inactivates
tumor suppressor genes such as PTEN and tumor-associated
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antigens (43). Therefore, we supposed that CRS and EBV are
directly or indirectly related and promote each other to induce the
occurrence and progress of ENKTL.

Based on the above discussion, we considered that the history of
CRS was related to the CA stage of UAT-ENKTL patients, and the
correlation may be related to the following factors. On the one
hand, some studies have shown that the overall prevalence of CRS
in the population was about 8%; among adults aged 15-75, it was
8.2%, which is much higher than the incidence of UAT-ENKTL
(44). In addition, the early symptoms of ENKTL were not typical
and did not attract enough attention, especially for ENKTL patients
with a long history of CRS. The similar nasal symptoms and
delayed clinical treatment result in the long history of CRS patients
who had late staging after ENKTL onset. On the other hand, at the
genetic level, the accumulation of Tp53 mutation and miRNA-155
overexpression; at the molecular level, accumulation of positive
feedback effects between CRS and ENKTL caused by abnormal
activation of molecular signaling pathways; and at the immune
level, the degree of interference of the human immune system may
be the reasons for the late CA staging in some UAT-ENKTL
patients with a long history of CRS. The enhanced proliferation,
anti-apoptosis, and invasion and metastasis of malignant T/NK
cells stimulated by CRS may be the reasons why patients with a
long history of CRS have poor PFS. In addition, EBV infection and
autoimmune disorders may also play an important role. The
disorder of the immune system plays a role in all stages of the
occurrence, progression, invasion, and metastasis of ENKTL. The
development and progression of ENKTL are determined by the
game between anti- and pro-tumor immunity. The presence of
CRS confuses the human immune environment and breaks the
balance between anti- and pro-tumor immunity. ENKTL is the
result of the interaction of many factors, among which the duration
of CRS disease also plays an important role. More experimental
and clinical evidence is needed to clarify the relationship between
ENKTL and CRS in the future.

In this study, we also found that there were no significant
differences in initial treatment outcomes between groups with
different CRS histories, suggesting that CRS did not affect
patients’ response to treatment, which may also be the reason
why CRS did not affect patients’ OS. In addition, this may be
related to individual differences and the potential limitations of
this study. First, this study is a single centrality study with small
sample size. Second, patients have certain subjectivity and
memory bias when providing the history of CRS. Thus, it is
necessary to conduct a large sample and multi-center study and
add more comprehensive prognostic factors to further validate
the association between CRS and ENKTL.

CONCLUSION

In summary, CRS affects the occurrence and development of
UAT-ENKTL through many links, and the infection of EBV
and CRS also complements and promotes each other that has a

direct or indirect impact on the occurrence and progress of UAT-
ENKTL. Through this retrospective analysis, we found the
correlation between the history of CRS and UAT-ENKTL
patients’ staging and prognosis, which suggested that we should
find and treat CRS as soon as possible in clinical practice, control
chronic inflammation of the nasal cavity, and reduce the
possibility of the occurrence or progression of UAT-ENKTL.

DATA AVAILABILITY STATEMENT

The datasets used and analyzed during the current study
are available from the corresponding author on reasonable
request. Requests to access these datasets should be directed to
mingzhi_zhangl @163.com.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committees of the First Affiliated
Hospital of Zhengzhou University. Written informed consent
to participate in this study was provided by the participants’ legal
guardian/next of kin. Written informed consent was obtained
from the individual(s), and minor(s)’ legal guardian/next of kin,
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

MZ, LZ, and YC contributed to the design of the study. TL and YC
collected the data. MZ provided methodological advice. TL and
YC performed data and statistical analysis. TL wrote the first draft
of the manuscript. MZ, LZ, and YC proofread the manuscript. MZ
and LZ supervised the conduct of the study. All authors
contributed to the article and approved the submitted version.

FUNDING

This study was supported by the National Natural Science
Foundation of China (Grant No. 81970184), the National Natural
Science Foundation of China youth Science Foundation project
(No. 82000204), and the Medical Science and Technology Research
Project of Henan Province (No. 192102310116).

ACKNOWLEDGMENTS

The authors thank all patients who participated in this study.

Frontiers in Oncology | www.frontiersin.org

April 2022 | Volume 12 | Article 878559


mailto:mingzhi_zhang1@163.com
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lei et al.

Rhinosinusitis and NK/T-Cell Lymphoma

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Li X, Cui Y, Sun Z, Zhang L, Li L, Wang X, et al. DDGP Versus SMILE in
Newly Diagnosed Advanced Natural Killer/T-Cell Lymphoma: A
Randomized Controlled, Multicenter, Open-Label Study in China.
Clin Cancer Res (2016) 22(21):5223-8. doi: 10.1158/1078-0432.CCR-16-0153

. Kim TM, Lee SY, Jeon YK, Ryoo BY, Cho GJ, Hong YS, et al. Clinical

Heterogeneity of Extranodal NK/T-Cell Lymphoma, Nasal Type: A National
Survey of the Korean Cancer Study Group. Ann Oncol (2008) 19(8):1477-84.
doi: 10.1093/annonc/mdn147

. Zhao Q, Fan S, Chang Y, Liu X, Li W, Ma Q, et al. Clinical Efficacy of

Cisplatin, Dexamethasone, Gemcitabine and Pegaspargase (DDGP) in the
Initial Treatment of Advanced Stage (Stage III-IV) Extranodal NK/T-Cell
Lymphoma, and its Correlation With Epstein-Barr Virus. Cancer Manag Res
(2019) 11:3555-64. doi: 10.2147/CMAR.S191929

. Au WY, Weisenburger DD, Intragumtornchai T, Nakamura S, Kim WS, Sng

I, et al. Clinical Differences Between Nasal and Extranasal Natural Killer/T-
Cell Lymphoma: A Study of 136 Cases From the International Peripheral T-
Cell Lymphoma Project. Blood (2009) 113(17):3931-7. doi: 10.1182/blood-
2008-10-185256

. Lima M. Aggressive Mature Natural Killer Cell Neoplasms: From

Epidemiology to Diagnosis. Orphanet ] Rare Dis (2013) 8:95. doi: 10.1186/
1750-1172-8-95

. Tse E, Kwong YL. How I Treat NK/T-Cell Lymphomas. Blood (2013) 121

(25):4997-5005. doi: 10.1182/blood-2013-01-453233

. Tse E, Kwong YL. The Diagnosis and Management of NK/T-Cell

Lymphomas. ] Hematol Oncol (2017) 10(1):85. doi: 10.1186/s13045-017-
0452-9

. Kwong YL, Kim WS, Lim ST, Kim SJ, Tang T, Tse E, et al. SMILE for Natural

Killer/T-Cell Lymphoma: Analysis of Safety and Efficacy From the Asia
Lymphoma Study Group. Blood (2012) 120(15):2973-80. doi: 10.1182/
blood-2012-05-431460

. Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, et al.

European Position Paper on Rhinosinusitis and Nasal Polyps 2012. Rhinol
Supplement (2012) 23:3 p preceding table of contents, 1-298.

Hsu J, Avila PC, Kern RC, Hayes MG, Schleimer RP, Pinto JM. Genetics of
Chronic Rhinosinusitis: State of the Field and Directions Forward. ] Allergy
Clin Immunol (2013) 131(4):977-93, 93.e1-5. doi: 10.1016/j.jaci.2013.01.028
Greten FR, Grivennikov SI. Inflammation and Cancer: Triggers, Mechanisms,
and Consequences. Immunity (2019) 51(1):27-41. doi: 10.1016/
jimmuni.2019.06.025

Trinchieri G. Cancer and Inflammation: An Old Intuition With Rapidly
Evolving New Concepts. Annu Rev Immunol (2012) 30:677-706. doi: 10.1146/
annurev-immunol-020711-075008

Coussens LM, Werb Z. Inflammation and Cancer. Nature (2002) 420
(6917):860-7. doi: 10.1038/nature01322

Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R, et al. The
2016 Revision of the World Health Organization Classification of Lymphoid
Neoplasms. Blood (2016) 127(20):2375-90. doi: 10.1182/blood-2016-01-
643569

Hong H, Li Y, Lim ST, Liang C, Huang H, Yi P, et al. A Proposal for a New
Staging System for Extranodal Natural Killer T-Cell Lymphoma: A
Multicenter Study From China and Asia Lymphoma Study Group.
Leukemia (2020) 34(8):2243-8. doi: 10.1038/541375-020-0740-1

Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, et al.
European Position Paper on Rhinosinusitis and Nasal Polyps 2020. Rhinology
(2020) 58(Suppl S29):1-464. doi: 10.4193/Rhin20.601

Horwitz SM, Ansell S, Ai WZ, Barnes J, Barta SK, Clemens MW, et al. NCCN
Guidelines Insights: T-Cell Lymphomas, Version 1.2021. ] Natl Compr Cancer
Network JNCCN (2020) 18(11):1460-7. doi: 10.6004/jnccn.2020.0053
Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, et al.
Recommendations for Initial Evaluation, Staging, and Response Assessment
of Hodgkin and Non-Hodgkin Lymphoma: The Lugano Classification. J Clin
Oncol Off ] Am Soc Clin Oncol (2014) 32(27):3059-68. doi: 10.1200/
JCO.2013.54.8800

Rozas-Muioz E, Gallardo F, Pujol RM, Peérez-Ferriols A, Servitje O, Estrach T,
et al. Extranodal Natural Killer/T-Cell Lymphoma, Nasal Type: A Spanish

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Multicentric Retrospective Survey. Eur ] Dermatol EJD (2018) 28(1):64-70.
doi: 10.1684/¢jd.2017.3205

Chen Y, Luo L, Zheng X, Fu H, Yang X, Huang W, et al. Clinical
Characteristics and Survival of Extranodal Natural Killer/T-Cell
Lymphoma: A Single-Center 12-Year Retrospective Analysis. Leukemia
Lymphoma (2020) 61(14):3306-18. doi: 10.1080/10428194.2020.1808207
Balkwill F, Mantovani A. Inflammation and Cancer: Back to Virchow? Lancet
(London England) (2001) 357(9255):539-45. doi: 10.1016/S0140-6736(00)
04046-0

Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, Flavell RA. Inflammation-
Induced Cancer: Crosstalk Between Tumours, Immune Cells and
Microorganisms. Nat Rev Cancer (2013) 13(11):759-71. doi: 10.1038/nrc3611
Ritter B, Greten FR. Modulating Inflammation for Cancer Therapy. ] Exp Med
(2019) 216(6):1234-43. doi: 10.1084/jem.20181739

Schetter AJ, Heegaard NH, Harris CC. Inflammation and Cancer:
Interweaving microRNA, Free Radical, Cytokine and P53 Pathways.
Carcinogenesis (2010) 31(1):37-49. doi: 10.1093/carcin/bgp272

D'Orazi G, Cordani M, Cirone M. Oncogenic Pathways Activated by Pro-
Inflammatory Cytokines Promote Mutant P53 Stability: Clue for Novel
Anticancer Therapies. Cell Mol Life Sci CMLS (2021) 78(5):1853-60. doi:
10.1007/s00018-020-03677-7

Ye Z, Cao Q, Niu G, Liang Y, Liu Y, Jiang L, et al. P63 and P53 Expression in
Extranodal NK/T Cell Lymphoma, Nasal Type. ] Clin Pathol (2013) 66
(8):676-80. doi: 10.1136/jclinpath-2013-201454

Chang Y, Cui M, Fu X, Zhang L, Li X, Li L, et al. MiRNA-155 Regulates
Lymphangiogenesis in Natural Killer/T-Cell Lymphoma by Targeting BRG1.
Cancer Biol Ther (2019) 20(1):31-41. doi: 10.1080/15384047.2018.1504721
Zhang X, Ji W, Huang R, Li L, Wang X, Li L, et al. MicroRNA-155 Is a
Potential Molecular Marker of Natural Killer/T-Cell Lymphoma. Oncotarget
(2016) 7(33):53808-19. doi: 10.18632/oncotarget.10780

Chen YW, Guo T, Shen L, Wong KY, Tao Q, Choi WW, et al. Receptor-Type
Tyrosine-Protein Phosphatase « Directly Targets STAT3 Activation for
Tumor Suppression in Nasal NK/T-Cell Lymphoma. Blood (2015) 125
(10):1589-600. doi: 10.1182/blood-2014-07-588970

Lee S, Park HY, Kang SY, Kim SJ, Hwang J, Lee S, et al. Genetic Alterations of
JAK/STAT Cascade and Histone Modification in Extranodal NK/T-Cell
Lymphoma Nasal Type. Oncotarget (2015) 6(19):17764-76. doi: 10.18632/
oncotarget.3776

Bouchekioua A, Scourzic L, de Wever O, Zhang Y, Cervera P, Aline-Fardin A,
et al. JAK3 Deregulation by Activating Mutations Confers Invasive Growth
Advantage in Extranodal Nasal-Type Natural Killer Cell Lymphoma.
Leukemia (2014) 28(2):338-48. doi: 10.1038/leu.2013.157

Xiong J, Zhao WL. Advances in Multiple Omics of Natural-Killer/T Cell
Lymphoma. ] Hematol Oncol (2018) 11(1):134. doi: 10.1186/s13045-018-0678-1
Grivennikov SI, Greten FR, Karin M. Immunity, Inflammation, and Cancer.
Cell (2010) 140(6):883-99. doi: 10.1016/j.cell.2010.01.025

Condeelis J, Pollard JW. Macrophages: Obligate Partners for Tumor Cell
Migration, Invasion, and Metastasis. Cell (2006) 124(2):263-6. doi: 10.1016/
j.cell.2006.01.007

Dunn GP, Old LJ, Schreiber RD. The Immunobiology of Cancer
Immunosurveillance and Immunoediting. Immunity (2004) 21(2):137-48.
doi: 10.1016/j.immuni.2004.07.017

Wang L, Wang ZH, Chen XQ, Wang KF, Huang HQ, Xia ZJ. First-Line
Combination of GELOX Followed by Radiation Therapy for Patients With
Stage IE/IIE ENKTL: An Updated Analysis With Long-Term Follow-Up.
Oncol Lett (2015) 10(2):1036-40. doi: 10.3892/01.2015.3327

Koebel CM, Vermi W, Swann JB, Zerafa N, Rodig SJ, Old L], et al. Adaptive
Immunity Maintains Occult Cancer in an Equilibrium State. Nature (2007)
450(7171):903-7. doi: 10.1038/nature06309

Bi XW, Wang H, Zhang WW, Wang JH, Liu WJ, Xia ZJ, et al. PD-L1 is
Upregulated by EBV-Driven LMP1 Through NF-xb Pathway and Correlates
With Poor Prognosis in Natural Killer/T-Cell Lymphoma. | Hematol Oncol
(2016) 9(1):109. doi: 10.1186/s13045-016-0341-7

Kwong YL, Chan TSY, Tan D, Kim SJ, Poon LM, Mow B, et al. PD1 Blockade
With Pembrolizumab Is Highly Effective in Relapsed or Refractory NK/T-Cell
Lymphoma Failing L-Asparaginase. Blood (2017) 129(17):2437-42.
doi: 10.1182/blood-2016-12-756841

Frontiers in Oncology | www.frontiersin.org

April 2022 | Volume 12 | Article 878559


https://doi.org/10.1158/1078-0432.CCR-16-0153
https://doi.org/10.1093/annonc/mdn147
https://doi.org/10.2147/CMAR.S191929
https://doi.org/10.1182/blood-2008-10-185256
https://doi.org/10.1182/blood-2008-10-185256
https://doi.org/10.1186/1750-1172-8-95
https://doi.org/10.1186/1750-1172-8-95
https://doi.org/10.1182/blood-2013-01-453233
https://doi.org/10.1186/s13045-017-0452-9
https://doi.org/10.1186/s13045-017-0452-9
https://doi.org/10.1182/blood-2012-05-431460
https://doi.org/10.1182/blood-2012-05-431460
https://doi.org/10.1016/j.jaci.2013.01.028
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1146/annurev-immunol-020711-075008
https://doi.org/10.1146/annurev-immunol-020711-075008
https://doi.org/10.1038/nature01322
https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1038/s41375-020-0740-1
https://doi.org/10.4193/Rhin20.601
https://doi.org/10.6004/jnccn.2020.0053
https://doi.org/10.1200/JCO.2013.54.8800
https://doi.org/10.1200/JCO.2013.54.8800
https://doi.org/10.1684/ejd.2017.3205
https://doi.org/10.1080/10428194.2020.1808207
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1038/nrc3611
https://doi.org/10.1084/jem.20181739
https://doi.org/10.1093/carcin/bgp272
https://doi.org/10.1007/s00018-020-03677-7
https://doi.org/10.1136/jclinpath-2013-201454
https://doi.org/10.1080/15384047.2018.1504721
https://doi.org/10.18632/oncotarget.10780
https://doi.org/10.1182/blood-2014-07-588970
https://doi.org/10.18632/oncotarget.3776
https://doi.org/10.18632/oncotarget.3776
https://doi.org/10.1038/leu.2013.157
https://doi.org/10.1186/s13045-018-0678-1
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1016/j.cell.2006.01.007
https://doi.org/10.1016/j.cell.2006.01.007
https://doi.org/10.1016/j.immuni.2004.07.017
https://doi.org/10.3892/ol.2015.3327
https://doi.org/10.1038/nature06309
https://doi.org/10.1186/s13045-016-0341-7
https://doi.org/10.1182/blood-2016-12-756841
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lei et al.

Rhinosinusitis and NK/T-Cell Lymphoma

40. Choi IK, Wang Z, Ke Q, Hong M, Paul DWJr., Fernandes SM, et al.
Mechanism of EBV Inducing Anti-Tumour Immunity and its Therapeutic
Use. Nature (2021) 590(7844):157-62. doi: 10.1038/s41586-020-03075-w
Montes-Mojarro IA, Fend F, Quintanilla-Martinez L. EBV and the
Pathogenesis of NK/T Cell Lymphoma. Cancers (Basel) (2021) 13(6):1414.
doi: 10.3390/cancers13061414

Mao Y, Zhang DW, Zhu H, Lin H, Xiong L, Cao Q, et al. LMP1 and LMP2A
are Potential Prognostic Markers of Extranodal NK/T-Cell Lymphoma, Nasal
Type (ENKTL). Diagn Pathol (2012) 7:178. doi: 10.1186/1746-1596-7-178
Hino R, Uozaki H, Murakami N, Ushiku T, Shinozaki A, Ishikawa S, et al.
Activation of DNA Methyltransferase 1 by EBV Latent Membrane Protein 2A
Leads to Promoter Hypermethylation of PTEN Gene in Gastric Carcinoma.
Cancer Res (2009) 69(7):2766-74. doi: 10.1158/0008-5472.CAN-08-3070

Shi JB, Fu QL, Zhang H, Cheng L, Wang Y], Zhu DD, et al. Epidemiology of
Chronic Rhinosinusitis: Results From a Cross-Sectional Survey in Seven
Chinese Cities. Allergy (2015) 70(5):533-9. doi: 10.1111/all.12577

41.

42.

43.

44.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Lei, Chang, Zhang and Zhang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

April 2022 | Volume 12 | Article 878559


https://doi.org/10.1038/s41586-020-03075-w
https://doi.org/10.3390/cancers13061414
https://doi.org/10.1186/1746-1596-7-178
https://doi.org/10.1158/0008-5472.CAN-08-3070
https://doi.org/10.1111/all.12577
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Effect of Chronic Rhinosinusitis on the Staging and Prognosis of Extranodal Natural Killer/T-Cell Lymphoma: A Single-Center Retrospective Analysis
	Introduction
	Patients and Methods
	Patients
	Treatment Modalities
	Evaluation
	Statistical Analyses

	Results
	Patient Characteristics
	Response
	Survival Outcome and Prognosis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


