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Abstract

This study aimed to explore the clinicopathological features and prognostic correlation of extranodal natural killer (NK)/T cell
lymphoma (ENKTCL) in the early stage, screen out the prognostic markers of ENKTCL, and to establish the molecular model of
ENKTCL prognosis. A retrospective study was conducted in 88 patients from May 1999 to Dec 2013 in Chinese Academy of Medical
Sciences Cancer Hospital, who were diagnosed with ENKTCL according to WHO lymphoid hematopoietic tumor classification
(published in 2008). The clinical data and paraffin-embedded tissue blocks were collected. The expressions of CD56, MLHI,
PDGFRA, VEGEF, PD-L1, PD-1, CyclinD1, p53, and Ki-67 were detected by high-throughput tissue microarray and immunohisto-
chemistry (IHC) staining. The relationship between nine protein expressions and the clinicopathological features and prognosis of
patients with ENKTCL were analyzed. The survival time of the 42 patients with complete clinical and follow-up data was
0~153 months. The average survival time was 60.1 months. The survival rates of 1 year, 2 years, and 3 year were 85.7%, 78.6%,
and 71.4%, respectively. Single factor survival analysis showed that the increase of serum lactate dehydrogenase (LDH > 240UI/L)
before treatment was associated with poor prognosis, and there was a significant difference in survival rate (P =0.006). Different
therapy methods were related with prognosis (P = 0.011); in specifically, radiotherapy alone had the best treatment effect, followed by
concurrent chemoradiotherapy, and the worst was chemotherapy alone. But, multivariate statistics indicated that the LDH level and the
treatment approach were not independent prognostic factors of ENKTCL. There was no statistical difference between epidemiological
factors such as gender, age, and other clinicopathological factors including tumor location, B symptoms, (32-microglobulin levels
before treatment, and prognosis. Survival analysis of single factor showed that the positive expression of PDGFRA and PD-L1 was,
respectively, related to the poor prognosis of patients with ENKTCL (P =0.040, 0.007). The patients with Ki-67 overexpression (>

50%) had a worse prognosis than those with lower expression (< 50%), and the difference of survival rate between the two groups has
statistical significance (P =0.038). The expression of CD56, MLH1, VEGF, PD-1, CyclinD1, and p53 has no effect on survival rate
(P> 0.05). Multivariate survival analysis showed that the expression levels of PDGFRA, PD-L1, and Ki-67 were independent factors
in the prognosis of patients with ENKTCL. And the positive expressions of these three proteins were risk factors for prognosis of
patients with ENKTCL (PDGFRA: P =0.045, HR = 8.265, 95% CI: 1.050-65.054; PD-L1: P=0.005, HR =9.369, 95% CI: 1.950—
45.003; Ki-67: P=0.023, HR =3.545, 95% CI: 1.187-10.585). The elevation of serum lactate dehydrogenase (LDH >240UL/L)
before treatment and the treatment approach were associated with poor prognosis, which could be used as adjunct indexes to the
prognosis. However, they were not independent factors for the prognosis of patients with ENKTCL. The expressions of PDGFRA, PD-
L1, and Ki-67 were independent factors in the prognosis of patients with ENKTCL and these three proteins were risk factors of
prognosis. The above markers combined with clinical factors may establish the prognosis model of ENKTCL.
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Introduction

Extranodal natural killer (NK)/T cell lymphoma (ENKTCL) is
a rare form of invasive non-Hodgkin’s lymphoma (NHL). It
occurs mainly outside of lymph nodes with the phenotype of
NK cells in most cases and a few of cytotoxic T cell pheno-
type. ENKTCL accounts for 5-18% of all non-Hodgkin’s
lymphoma [1] of which 70% is from Asia, Mexico, and
South America [2]. Nowadays, ENKTCL is no longer difficult
to diagnose. It is done by combining morphology, immuno-
histochemistry, and Epstein-Barr virus-encoded RNA (EBER)
in situ hybridization test. ENKTCL is characterized by low
incidence, high grade of malignancy, aggressive clinical
course, and poor prognosis. Due to lack of large sample ret-
rospective researches, treatment criteria for this disease have
not been set up. It is more important to take the research on the
clinical practice, the molecular markers about treatment, and
prognosis of ENKTCL.

In this study, we performed a retrospective analysis of
ENKTCL cases in the early stage (stages I-1I) obtained from
the previous study [3] in the Cancer Institute and Hospital,
Chinese Academy of Medical Sciences, Beijing, China, iden-
tified the clinicopathological features, and evaluated the cor-
relation among different clinicopathological factors,
immunophenotypes, and prognosis.

Materials and methods
Cases and clinical data

Included in this study were 88 pathologically diagnosed
ENKTCL cases in the early stage (stages I and II) that were
diagnosed in the Department of Pathology, Cancer Institute
and Hospital, Chinese Academy of Medical Sciences between
May 1999 and December 2013. The samples were collected
from patients during routine diagnostic procedures with in-
formed patients’ consent. The study was approved by the
Independent Ethics Committee of the Cancer Hospital,
Chinese Academy of Medical Sciences, Beijing, China.
Furthermore, the research protocol was in accordance with
the Declaration of Helsinki. The clinical data were collected
containing patients’ age, gender, disease course, primary site,
the extent of disease involvement, B symptoms, lactate dehy-
drogenase (LDH) levels, 32-microglobulin (32-MG) levels,
treatment approaches, therapeutic efficacy, and recurrence. All
patients were followed up by phone, beginning from the date
of pathological diagnosis. The reasons for discontinued
follow-up were because of death, withdrawal, or termination
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of follow-up (October 2017). The following items were re-
corded during follow-up: the disease course, B symptoms,
treatment, recurrence, status when follow-up was terminated
(death, survival, or withdrawal), cause of death, and survival
time (in months).

Histopathology

All specimens were fixed in 10% neutral formalin, paraffin-
embedded, and sectioned into 4-um-thick sections for hema-
toxylin and eosin (H&E) staining. The lymphoid hematopoi-
etic tumors of 88 cases were classified under a light micro-
scope according to WHO lymphoid hematopoietic tumor clas-
sification (published in 2008). The observation was made for
the number of tumor cells, tumor cell distribution (diffused or
scattered), size and morphology of tumor cells, vascular inva-
sion, and the pro-epithelial or mucosal infiltration of tumor
cells. Furthermore, some cases with relevant tissue necrosis,
pseudoepitheliomatous hyperplasia of the mucosa, granulo-
ma, and fungal infections were recorded.

Immunohistochemistry

Various antigenic markers in all cases were detected by high-
throughput tissue microarray and immunohistochemistry
(IHC) staining. The high-throughput tissue microarray was
made from manual tissue arrayer MTA-1 (Beecher
Instruments, Inc., USA). Immunohistochemical staining by
the EnVision System (Dako Cytomation, Carpinteria, CA,
USA) was applied. Positive controls were included in the im-
munohistochemical staining. Phosphate buffer saline (PBS)
was used as negative controls. All primary antibodies used
in the study are listed in Table 1.

The semi-quantitative analyses were scored as following:
(1) positive intensity scoring: 0, no staining; 1, light yellow
staining; 2, brownish yellow staining; and 3, brown staining.
(2) Scoring based on the proportion of positive cells: 0, < 5%;
1, 5-25%:; 2, 26-50%; 3, 51-75%, and 4, > 75%. The sum of
the two scores was used as the final score for each case as
follows: 0, negative (—); 1-4, weakly positive expression (+);
5-8, moderately positive expression (++); and 9—12, strongly
positive expression (+++). Table 1 shows the corresponding
location (e.g., nuclei, cell membrane, and cytoplasm) of the
cells staining positive with different antibodies too. CD56,
MLH1, PDGFRA, p53, VEGF, and CyclinD1 were
interpreted according to that criterion. The positivity of PD-1
and PD-L1 expression by tumor cells was considered when
more than 5% of all cell population was stained.



Ann Hematol (2019) 98:1467-1476

1469

Table 1 Primary antibodies used in immunohistochemistry and antigen recognition sites

Antibody name  Clone number Company Positive location
CD56 UMABS3 Dako Cytomation, Carpinteria, CA, USA Cell membrane
MLHI1 ES05 Dako Cytomation, Carpinteria, CA, USA Nuclei

PD-L1 SP142 Beijing Zhong Shan-Golden Bridge Biotechnology Co., Ltd., China ~ Cell membrane
PD-1 NAT Fuzhou Maixin Biotech. Co., Ltd., China Cytoplasm
CyclinD1 SP4 Fuzhou Maixin Biotech. Co., Ltd., China Nuclei

pS3 DO-7 Fuzhou Maixin Biotech. Co., Ltd., China Nuclei

VEGF Rabbit polyclonal antibody ~ Beijing Zhong Shan-Golden Bridge Biotechnology Co., Ltd., China ~ Cytoplasm
PDGFRA Rabbit polyclonal antibody ~ Beijing Zhong Shan-Golden Bridge Biotechnology Co., Ltd., China ~ Cell membrane/cytoplasm
Ki-67 MIB-1 Fuzhou Maixin Biotech. Co., Ltd., China Nuclei

The percentage of cells with Ki-67 expression was calculated
from the number of malignant cells in the highest labeling field
under high magnification (400x). The median percentage (50%)
of Ki-67 expression was designated as a cutoff; thus, cases higher
than the median value (>50%) were defined as high Ki-67 ex-
pression, and less than the median value (< 50%) was defined as
low Ki-67 expression for the survival analysis.

Statistical analysis

Data analysis and processing were done with SPSS19.0 soft-
ware (SPSS Inc., Chicago, IL). The Kaplan-Meier method
uses survival data summarized in table to prepare the survival
curve. Multivariate analysis of potential prognostic factors
was evaluated by Cox’s proportional hazard regression and
binary logistic regression models. Bivariate correlation analy-
sis was used for crosstabs Chi-square test. P <0.05 was con-
sidered as a statistically significant difference.

Results
Clinical features and follow-up

Among 88 cases with ENKTCL diagnosed by pathologists, the
number of effective follow-up cases was 42 (47.7%) by the end
of last follow-up in October 2017. Table 2 indicates the clinical
data of these 42 patients. The ages of the patients were between
19 and 77 years old, with a median age of 41. ENKTCL was
commonly seen in men, with the men to women ratio of 3.2:1.
All tumors were localized in the upper aerodigestive tract and
most commonly in the nasal cavity (31/42, 73.8%), followed by
the nasopharynx (9/42, 21.4%) and oropharynx (2/42, 4.8%).
Twenty-three (54.8%) out of those 42 ENKTCL patients had no
B symptoms, and 19 (45.2%) of them had B symptoms (e.g.,
fever, night sweats, and progressive weight loss). Laboratory
examinations revealed that eight patients (19.0%) had elevated
serum LDH levels (240 UI/L), and 21 patients (50.0%) had
elevated 32-MG levels (1.8 mg/L). All of these patients

received treatment with different methods. Twenty-three of
them (54.8%) treated with a combination of chemotherapy
and radiotherapy (concurrent chemoradiotherapy), 18 (42.9%)
underwent only radiotherapy, and one (2.4%) patient
underwent only chemotherapy. Among 24 patients who re-
ceived chemotherapy, 17 (70.8%) patients also received
CHOP (cyclophosphamide, doxorubicin, vincristine, and pred-
nisone)-based chemotherapy, while the others underwent per-
sonalized treatment. Complete remission (CR) was achieved in

Table 2 Clinical characteristics and univariate Kaplan-Meier survival
analysis of 42 extranodal NK/T cell lymphoma patients

Characteristics No. (%) X2 P value

Gender 0.015 0.904
Male 32(76.2)
Female 10 (23.8)

Age (range) 41 (mean) 1.947 0.163
<41 years old 19 (45.2)
>41 years old 23 (54.8)

Primary site 1.396 0.498
Nasal cavity 31 (73.8)
Nasopharynx 9(21.4)
Oropharynx 2 (4.8)

B symptoms 2.021 0.155
Absent 23 (54.8)
Present 19 (45.2)

LDH range 7.593 0.006
<240UI/L 34 (81.0)
>240UI/L 8 (19.0)

2-MG 3.633 0.057
< 1.8 mg/L 21 (50.0)
>1.8 mg/L 21 (50.0)

Treatment approach 9.098 0.011
Radiotherapy 18 (42.9)
Chemotherapy 124
Concurrent chemoradiotherapy 23 (54.8)

LDH lactate dehydrogenase, 32-MG {32-microglobulin
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85.7% (36/42) of patients after treatment. There were six recur-
rent cases (14.3%). Twenty-seven (64.3%) of the 42 patients
survived and 15 (35.7%) died. The survival time of the 42
patients ranged from 0 to 153 months. The mean survival time
was 60.1 months. One-, two-, and three-year survival rates were
85.7% (36/42), 78.6% (33/42), and 71.4% (30/42),
respectively.

The univariate survival analysis included Kaplan-Meier
plots and Log-rank tests to analyze the correlations between
patient gender, age, primary site, the presence of B symptoms,
pretreatment LDH and (32-MG levels, treatment approaches,
and prognosis. The results showed that the high lactate dehy-
drogenase level (LDH >240 UI/L) before treatment (P =
0.006) and different treatment approaches (P=0.011) were
statistically significant associated with patient prognosis
(Table 2). Specifically, radiotherapy alone had the best treat-
ment effect, followed by concurrent chemoradiotherapy, and
the worst was chemotherapy alone (Fig. 1a, b).

Histopathological features

Microscopically, the morphology of ENKTCL at different lo-
calizations was similar. ENKTCL is characterized by the
background of coagulation necrosis and the mixed infiltration
of a variety of inflammatory cells (e.g., small lymphocytes,
tissue cells, eosinophils, and plasma cells) and atypical lym-
phoid cells (ALCs) were scattered or diffusely distributed
(Fig. 2a). Small vessel fibrinoid necrosis and vasculitis were
found adjacent to regions of ulceration and tissue necrosis [4].

Immunohistochemical stain

As shown in Table 3, cluster of differentiation (CD) 56,
MLHI1, platelet-derived growth factor receptor-alpha
(PDGFRA), programmed cell death ligand 1 (PD-L1), and
p53 were highly expressed, with staining rates of 73.8% (31/
42), 66.7%(28/42), 73.8% (31/42), 59.5% (25/42), and 69.0%
(29/42), respectively (Fig. 2b—f). On the other hand, pro-
grammed cell death 1 (PD-1) expression rate in the
ENKTCL specimens was very low (2.4%) (Fig. 2g).
Vascular endothelial growth factor (VEGF) (26.2%) and
CyclinD1 were also expressed in some samples (47.6%)
(Fig. 2h, 1). In this study, we used 50% as the threshold to
divide Ki-67 positive specimens into two groups: under-
expression group (<50%) and overexpression group (50%).
Sixteen samples (38.1%) overexpressed Ki-67. Univariate
Kaplan-Meier analysis and Log-rank tests were used to ana-
lyze the correlation between all positively expressed bio-
markers and prognosis in the 42 patients with ENKTCL.
PDGFRA and PD-L1 expression was significantly associated
with a poor prognosis (P = 0.040 and 0.007, respectively; Fig.
Ic, d). Ki-67 overexpression (=50%) was also significantly
correlated with a poor prognosis (P =0.017; Fig. le).
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Multivariate analyses

The Cox proportional hazard regression and binary logistic
regression models were achieved for multivariate prognostic
analyses. The results showed that the LDH level and the treat-
ment methods were not independent prognostic factors for
ENKTCL. But multivariate survival analysis showed that
the expression levels of PDGFRA, PD-L1, and Ki-67 were
independent factors in the prognosis of patients with
ENKTCL. Furthermore, the positive expression of these three
markers was the risk factors for prognosis of patients with
ENKTCL (PDGFRA: P=0.045, HR =8.265, 95% CI:
1.050-65.054; PD-L1: P=0.005, HR =9.369, 95% CI:
1.950-45.003; Ki-67: P=0.023, HR =3.545, 95% CI:
1.187-10.585) (Table 4).

Discussion

In many retrospective studies, LDH has been identified as a
valuable predictive and/or prognostic biomarker for different
types of carcinoma. Lactate dehydrogenase (LDH), as a key
enzyme in the glycolysis pathway, catalyzes the redox reac-
tion between pyruvate and lactic acid in the body and main-
tains the sustained production of glycolytic ATP [5]. It is
known that specific changes in the tumor microenvironment
and hypoxia can enhance glycolysis, which becomes a major
source for the production of ATP in cancer cells. It is con-
firmed that LDH plays a crucial role in tumor maintenance
and that serum LDH is commonly increased in patients with
hematopoietic malignancies, such as Hodgkin’s lymphoma
(HL), non-Hodgkin’s lymphoma (NHL), or multiple myeloma
[5, 6]. LDH is one of the risk factors included in the
International Prognostic Index (IPI), and it is considered a
strong predictor of survival of patients with ENKTCL [7, 8].
In this study, the univariate Kaplan-Meier analysis showed
that the elevation of serum lactate dehydrogenase (LDH >
240 UI/L) before treatment was associated with poor progno-
sis, which could be used as adjunct indexes to the prognosis.
However, multivariate prognostic analyses showed that it was
not independent factors for the prognosis of patients with
ENKTCL. This could be correlated with the different cut-off
levels applied in the different studies.

Li et al. [9] conducted the study of a meta-analysis of 11
randomized controlled trials including 871 ENKTCL Chinese
patients with early-stage (IE-IIE) disease. They showed that
the therapeutic effects of radiotherapy alone in the early clin-
ical stages of ENKTCL (I/IIE) were good. Despite an apparent
good initial overall response rate (ORR) and complete re-
sponse (CR) rate, the use of radiotherapy alone is associated
with an incidence of systemic relapse that is alarmingly high
for early-stage patients [10]. Therefore, radiotherapy alone is
needed to be combined with chemotherapy in an appropriate
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Fig. 1 Kaplan-Meier survival curves. Survival following a LDH and b different treatment approaches are shown. The effects of expression of ¢
PDGFRA, d PD-L1, and e Ki-67 on survival are also compared

sequence [11]. Among the combined treatment modalities,  tests indicated that different treatment methods were associat-
concurrent chemoradiotherapy (CCRT) using multidrug resis-  ed with patient prognosis (P =0.011). Specifically, radiother-
tance (MDR) unrestricted agents [12] and radiation sensitizers ~ apy alone had the best treatment effect, followed by concur-
[13] can improve the CR rate to 82% and 77%, respectively. In ~ rent chemoradiotherapy, and the worst was chemotherapy
the current work, single-factor survival analysis and log-rank  alone. The reason why the result of this study is contrary to
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Fig.2 Histopathology of extranodal natural killer /T cell lymphoma. a H&E staining of extranodal natural killer /T cell lymphoma. Immunoreactivity for
CD56 (b), MLHI1 (c), PDGFRA (d), PD-L1 (e), p53 (f), PDI1 (g), VEGF (h), CyclinD1 (i), and Ki-67 (j). Magnification: x 200 for b—i); x 400 for a, j
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the above studies may be that most ENKTCL patients in this
study received CHOP regimen. However, the optimal treat-
ment of early stages nasal ENKTCL remains to be deter-
mined. The multivariate analysis showed that the treatment
approach was not independent prognostic factors for
ENKTCL. Considering that the incidence of this disease is
small and the sample size is too small to influence the prog-
nosis of survival analysis, it is necessary to confirm the results
in large-scale studies.

So far, ENKTCL has no standard treatment plan and its
efficacy and prognosis are poor. One of the reasons may be
that lymphoma cells escape the organism’s immune surveil-
lance and kill through some mechanism [14]. The pro-
grammed cell death 1 (PD-1)/PD-1 ligand 1 (PD-L1) pathway
plays an important role as immune checkpoint contributing to
the maintenance of peripheral tolerance and control of exces-
sive immune responses to prevent harmful tissue damage [15].
PD-1 is expressed in immune cells, particularly in T cells
following T cell activation [16], whereas PD-L1 is expressed

Table 3  Immunohistochemical expression and univariate analysis of
prognostic factors for 42 extranodal NK/T cell lymphoma patients
Markers No. (%) X2 P value
CD56 0.007 0.935
Positive 31 (73.8)
Negative 11 (26.2)
MLH1 0.006 0.940
Positive 28 (66.7)
Negative 14 (33.3)
PDGFRA 4207 0.040
Positive 31 (73.8)
Negative 11 (26.3)
VEGF 2.139 0.144
Positive 11 (26.2)
Negative 31 (73.8)
PD-L1 7317 0.007
Positive 25 (59.5)
Negative 17 (40.5)
PD-1 0.598 0.439
Positive 124)
Negative 41 (97.6)
Cyclin D1 0.526 0.468
Positive 20 (47.6)
Negative 22 (52.4)
p53 2.405 0.121
Positive 29 (69.0)
Negative 13 (31.0)
Ki-67 4312 0.038
Overexpression (> 50%) 16 (38.1)
Under expression (< 50%) 26 (61.9)

Table4 Multivariate survival analyses of 42 extranodal NK/T cell lym-
phoma patients

Item Overall survival

HR 95%Cl P value
LDH 1.360 0.417-4.436 0.610
Treatment approaches 2.241 0.734-6.844 0.157
PDGFRA 8.265 1.050-65.054 0.045
PD-L1 9.369 1.950-45.003 0.005
Ki-67 3.545 1.187-10.585 0.023

in variable immune and non-immune cells including antigen-
presenting cells (APCs), epithelial cells, and mesenchymal
cells [17]. PD-1 delivers inhibitory signals to T cells upon
engagement by PD-Ls and suppresses T cell activation and
effector function, thereby inducing T cell exhaustion [18].
Cancer utilizes the PD1/PD-L pathway to escape antitumor
immunity by suppressing T cells, particularly CD8+ T cell
response against the tumor [19]. Many previous studies [20,
21] have found that high expression of PD-L1 was found in
liver cancer, gastric cancer, melanoma, renal cancer, and other
solid tumors, as well as multiple myeloma, leukemia,
myelodysplastic syndrome, and other hematological tumors.
The expression of PD-L1 in solid cancers was associated with
poorer outcomes [22, 23]. Many reports suggest that the PD-1/
PD-L1 axis is a reasonable target for therapeutic intervention
[24]. It has been reported that blockade of PD-1 or PDLI1 by
monoclonal antibodies may lead to significant antitumor ef-
fects in malignancies [25, 26]. However, the prognosis with
respect to PD-L1 expression in lymphoproliferative disease
has not been determined [27-29]. Thus, to determine the bio-
logical significance of the PD-1/PD-L1 pathway and its po-
tential as a therapeutic target in ENKTL, we investigated
immunohistochemically the expression of PD-1 and PD-L1
in ENKTL tissues and analyzed the results according to clin-
icopathological features and patient outcome.

In our study, PD-1 expression rates in ENKTL tumor cells
were very low (2.4%), and PD-L1 expression rates of 59.5%
were observed. The reason for this may be that PD-1 as a cell
surface receptor belonging to the immunoglobulin superfam-
ily is expressed on T cells and pro-B cells, while it is not
expressed on NK cell [30]. Univariate and multivariate sur-
vival analysis showed that the expression status of PD-L1 was
an independent risk factor in the prognosis of patients with
ENKTCL (P =0.005, HR =9.369, 95% CI: 1.950-45.003). It
suggested that PD-L1 is highly expressed in ENKTCL and
has a certain clinical significance. It is further speculated that
PD-L/PD-1 signaling pathway may be involved in the im-
mune escape of ENKTCL, which provides an important clue
to reveal the mechanism of immune deficiency in ENKTCL
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cells. It is expected to become a new target for the immuno-
therapy of ENKTCL.

Platelet-derived growth factor receptor (PDGFR) belongs
to the class III receptor tyrosine kinases (RTKs). PDGFRA
known to interact with PI3K/AKT and STAT proteins medi-
ates important cell functions, such as migration, proliferation,
and cell survival. PDGFRA plays an important role in growth,
development, repair, and other physiological processes [31].
PDGFRA as an angiogenic factor is particularly relevant in
tumorigenesis and progression in PDGF/PDGFRA pathway.
A number of studies on the prognostic significance of
PDGFRA expression in various human malignant solid tu-
mors including gastrointestinal stromal tumors (GISTs) [32],
glioblastoma [33], and gastric cancer [34] have been pub-
lished. Studies have demonstrated that PDGFRA expression
is also highly expressed in T cell lymphoma, including
angioimmunoblastic lymphoma, lymphocytic leukemia, and
T/NK cell-derived lymphoma [35, 36]. Huang et al. [37] have
shown overexpression of PDGFRA in ENKTCL and
imatinib-induced inhibition of PDGFRA expression in
MECO04 cells, suggesting that PDGFRA could be a therapeutic
target. Li et al. [38] demonstrated that high expression of
PDGFRA was evaluated to be correlated with worse
progression-free survival (PFS) and was a statistically inde-
pendent prognostic factor for patients’ PFS.

In the current study, our results showed that OS was poor
for patients with high PDGFRA expression. In addition, mul-
tivariate analysis showed that high PDGFRA expression had
an independent prognostic influence in patients with
ENKTCL. Our results were consistent with the above-
mentioned previous reports. PDGFRA plays a vital role in
the pathogenesis of NKTCL. It may be a target of anti-
angiogenic therapy for NKTCL and provide a new way for
treatment of ENKTCL patients. However, there were some
limitations in this study. A limited number of patients were
enrolled with incomplete information, which could have re-
sulted in selection bias. Follow-up periods were also short,
and the study was a retrospective single center analysis.
Therefore, a large prospective study is required to confirm
the prognostic significance of PDGFRA in ENKTCL.

Ki-67 is a nuclear and nucleolar protein antigen present
in proliferating cells during the G1 to M phases of the cell
cycle, but is undetected in resting cells. The Ki-67 expres-
sion evaluated through immunohistochemistry is useful as
one of the most reliable markers of the proliferative status
of cancer cells [39]. In the recent years, a number of
studies have found that the expression of ki-67 was close-
ly related to the prognosis of lymphoma, but the prognos-
tic value was different in various subtypes of lymphoma.
He et al. [40] conducted a meta-analysis that pooled data
from 27 relevant studies to explore the correlation be-
tween Ki-67 expression and the survival outcome in lym-
phoma. The results revealed that high Ki-67 expression in
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patients with lymphoma was associated with worse prog-
nosis. Subgroup analysis on the different subtypes of lym-
phoma suggested that the association between high Ki-67
expression and OS in Hodgkin lymphoma was absent,
while high Ki-67 expression was highly associated with
worse OS for non-Hodgkin lymphoma and its various
subtypes, including NK/T lymphoma, DLBCL, and MCL.

Kim et al. first studied the prognostic value of Ki-67 in
ENKTL in 2007. The OS rate and disease-free survival
rate in patients with ki-67 overexpression (>65%) were
significantly lower than those in patients with ki-67 un-
derexpression (<65%). Ki-67 expression is predictive of
prognosis and became a useful tool for predicting prog-
nosis in patients with stage I/Il ENKTCL [41].
Subsequent studies also confirmed that Ki-67 high expres-
sion (>50%) is associated with lower OS and PFS (P=
0.002, 0.027), and Ki-67 high expression may be an in-
dependently prognostic factor for ENKTCL [42, 43].

In our present study, we use 50% as the threshold to divide
the Ki-67 positive specimens into the under-expression group
(<50%) and the overexpression group (50%). Sixteen of the
valuable samples (38.1%) highly expressed Ki-67. Univariate
and multivariate prognostic analyses were performed and
found that Ki-67 was an independent risk factor for
ENKTCL (P=0.023, HR =3.545, 95% CI: 1.187-10.585).
Consistent with the above literature, it is clear that it is neces-
sary to combine Ki-67 as a biological index with clinical fac-
tors to establish a prognostic model for ENKTCL.

In conclusion, our study suggests that the elevation of
serum LDH and the treatment approach were associated
with poor prognosis, which could be used as adjunct in-
dexes to the prognosis. However, they were not indepen-
dent factors for the prognosis of patients with ENKTCL.
In addition, the expression levels of PDGFRA, PD-L1,
and Ki-67 were independent factors in the prognosis of
patients with ENKTCL and these 3 proteins were risk
factors of prognosis. The above markers combined with
clinical factors may establish the prognosis model of
ENKTCL. Since the sample size of this study is smaller,
these results should be confirmed in a large prospective
study.
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