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Abstract

Extranodal NK/T-cell lymphoma is an aggressive lymphoma that is strongly associated with Epstein—Barr virus infection.
Although some extranodal NK/T-cell lymphoma patients have shown responses to immune checkpoint blockade,
biomarkers for predicting extranodal NK/T-cell lymphoma patient response to immunotherapy have not yet been defined. To
understand the tumor immune microenvironment, we analyzed the expression of 579 immune-related genes and
characterized the immune cells using immunohistochemistries and in situ hybridization for EBER. Based on comprehensive
analyses, we developed an immune subtyping model that classifies extranodal NK/T-cell lymphoma patients into four tumor
immune microenvironment subgroups using three immunohistochemical markers (FoxP3, PD-L1, and CD68). The four
tumor immune microenvironment subgroups were named immune tolerance, immune evasion-A, immune evasion-B, and
immune silenced. The immune tolerance group was characterized by high-Treg counts and was frequently observed in early
stage, and nasal extranodal NK/T-cell lymphoma. The immune evasion group showed high cytotoxic T-cell counts and high
PD-L1 expression but low Treg counts. In the immune-silenced group, almost all immune responses were exhausted, most
patients were at an advanced stage, and had the poorest disease prognosis among the tumor immune microenvironment
subgroups. In some patients (n = 3), a shift in the tumor immune microenvironment subgroup classification was observed
in sequential biopsies. The response rate to pembrolizumab, an anti-PD-1 antibody, was 100% (1/1) in the immune
tolerance group, 60% (3/5) in the immune evasion group, and 0% (0/5) in the immune-silenced group. We classified
extranodal NK/T-cell lymphoma into four tumor immune microenvironment subgroups using a new classification system.
In conclusion, we propose that the tumor immune microenvironment of extranodal NK/T-cell lymphoma may change during
disease progression and may serve as a useful biomarker for immunotherapy.

Introduction

Since the early 2000s, new therapeutic approaches, such as
nonanthracycline chemotherapy, concurrent chemoradiation
These authors contributed equally: Junhun Cho, Seok Jin Kim therapy, and hematopoietic stem cell transplantation,
have improved the outcomes of patients with extranodal
NK/T-cell lymphoma. Despite these advances, extranodal
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immunotherapy has facilitated significant therapeutic
achievements for several malignant tumors [2-6]. In
extranodal NK/T-cell lymphoma, latent membrane proteins
expressed by Epstein—Barr virus (EBV) infection can be
targets for cytotoxic T-cells [7], suggesting that extranodal
NK/T-cell lymphoma may be a good candidate for immu-
notherapy. Clinical trials for immune checkpoint blockade
in extranodal NK/T-cell lymphoma are indeed underway,
and some promising results have been reported [8—12].
To establish strategies for precision immunotherapy,
understanding the tumor immune microenvironment is
essential, but current knowledge about the tumor immune
microenvironment in extranodal NK/T-cell lymphoma is
not sufficient. The key questions that have not yet been
solved regarding the tumor immune microenvironment of
extranodal NK/T-cell lymphoma are presented below.

First, some papers have reported that PD-L1 is frequently
expressed in extranodal NK/T-cell lymphoma tumors
[8, 13—17] and that mutations in the JAK/STAT pathway,
particularly in STAT3, are associated with PD-L1 upregu-
lation in extranodal NK/T-cell lymphoma tumors [13].
However, there are many cases in which PD-L1 is expres-
sed without a STAT3 mutation. Moreover, the expression of
PD-L1 in tumor-associated macrophages cannot be
explained by oncogenic mutations in tumor cells.

Second, immune checkpoint blockade targeting the PD-
1/PD-L1 axis is effective in some patients with extranodal
NK/T-cell lymphoma [9, 10, 12]. However, biomarkers to
screen for patients who will respond to this treatment have
not been established. Indeed, although PD-L1 immunohis-
tochemistry is being used as a screening tool in other solid
tumors [18-20], the criteria for lymphomas, especially
extranodal NK/T-cell lymphoma, are unclear. Moreover,
there is a group of patients in whom the degree of PD-L1
expression and the therapeutic response are not well cor-
related [10-12].

In addition, one of the unresolved questions related to
extranodal NK/T-cell lymphoma is why, unlike other
aggressive lymphomas such as diffuse large B-cell lym-
phoma, extranodal NK/T-cell lymphoma is mostly found as
a localized disease. Indeed, most aggressive lymphomas are
usually found in advanced stages and have a high tumor
burden. However, despite its aggressive behavior, extra-
nodal NK/T-cell lymphoma is often confined to the upper
aerodigestive tract at the time of first diagnosis.

In this study, we investigated the characteristics of the
extranodal NK/T-cell lymphoma tumor immune micro-
environment using a NanoString assay and immunohis-
tochemistry in 95 extranodal NK/T-cell lymphoma patients.
The patients were classified into tumor immune micro-
environment subgroups by NanoString assay and we ana-
lyzed clinical characteristics and immunohistochemistry
profile of each subgroup. After validating our results in 50
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extranodal NK/T-cell lymphoma patients, we studied how
the tumor immune microenvironment is related to the course
of extranodal NK/T-cell lymphoma and investigated whe-
ther particular biomarkers can be used to select extranodal
NK/T-cell lymphoma patients eligible for immunotherapy.

Materials and methods
Patient selection

Of the 283 patients diagnosed with extranodal NK/T-cell
lymphoma in the Samsung medical center, Seoul, Korea
between 2000 and 2014, 95 patients with available
formalin-fixed paraffin-embedded tissue and medical
records were studied in the training cohort (Fig. 1).
Formalin-fixed paraffin-embedded tissues were used for
NanoString assays, immunohistochemistry, and EBV
in situ hybridization (ISH). Clinicopathological informa-
tion, including age, sex, location, B symptoms, serum EBV
DNA copy number, distal lymph node involvement, Ann
Arbor stage, prognostic index of natural killer lymphoma
(-EBV) [21], prior treatments, and survival data
were evaluated by reviewing electronic medical records
(Supplementary Table 1).

Samsung medical center
lymphoma registry
2000-2014
(N=5333)

Samsung medical center
lymphoma registry
2015-2017
(N=1829)

l l

Extranodal NK/T-cell Extranodal NK/T-cell

lymphoma lymphoma
2000-2014 2015-2017
(N=283) (N=80)

l l

Formalin-fixed Formalin-fixed

Training paraffin-embedded paraffin-embedded Validation
Cohort (N=95) tissue available tissue available Cohort (N=50)
(N=95) (N=50)

Excluded: Insufficient
| amount of tissue for
NanoString assay (N=35)
NanoString
assay performed
(N=60)

Excluded:
—| Normalization flag cases
(N=22)

NanoString assay
data available
(N=38)

NanoString
Cohort (N=38)

Fig. 1 The profile of the cohorts used in this study. There were 95
cases in the training cohort, 38 of which were NanoString cases, whose
formalin-fixed paraffin-embedded tissue was successfully analyzed
using a NanoString assay. The validation cohort included 50 cases
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Of the 80 patients diagnosed with extranodal NK/T-cell
lymphoma at the Samsung medical center between 2015
and 2017, 50 patients with available formalin-fixed paraffin-
embedded tissue and medical records were studied in the
validation cohort (Fig. 1). Clinicopathological features
similar to those listed for the training cohort were evaluated
(Supplementary Table 1). This study was approved by the
institutional review board of Samsung medical center,
Seoul, Korea.

NanoString nCounter assay

Of the 95 patients in the training cohort, RNA expression
was analyzed using the nCounter® technology from Nano-
String in 60 cases with enough amount of specimens sui-
table for molecular studies. For the NanoString nCounter
assay, we used the nCounter® Human Immunology V2
Panel with 579 human immune signature genes and 15
housekeeping genes (NanoString Technologies, Seattle,
WA, USA). Total RNA was extracted from three to four-
um-thick formalin-fixed paraffin-embedded tissue sections
from representative blocks using the High Pure RNA Par-
affin kit (Roche Diagnostic, Mannheim, Germany). RNAs
(200 ng) were hybridized to target sequence-specific capture
probes and fluorescence-labeled reporter probes. The
mRNA-probe complexes were washed, immobilized, and
quantified by fluorescence imaging. To remove the batch
effect of nCounter gene expression, we performed two-step
normalizations for the gene expression matrix. First, within-
normalization using the NanoStringNorm R package
with options CodeCount + Sum, Background = mean, and
SampleContent = total.sum was performed, and outliers
were adjusted to the median value with the outlier R
package [22]. Next, gene expression matrixes spanning two
batches were rescaled by between-normalization using the
edgeR R package, and log;, transformed expression was
considered as the final gene expression matrix [23].
One hundred and four genes with very low mean expression
(<1, less than the normalized data 10) were removed from
the analysis, a heatmap was made for 475 genes, and
hierarchical clustering was performed (https://software.broa
dinstitute.org/morpheus/).

Immunohistochemistry and in situ hybridization

EBV ISH followed by immunohistochemistry for PD-L1
(clone SP142; Ventana, Tucson, AZ, USA) was performed
to identify the types of cells expressing PD-L1. Detailed
information about the PD-L1 and EBER (INFORM EBER
Probe, Ventana, AZ, USA) stains is presented in Supple-
mentary Table 2. After PD-L1 staining, the percentage of
tumor cells expressing PD-L.1 was measured. Although it
was not possible to accurately count the number of tumor-

associated macrophage expressing PD-L1, the number of
tumor cells and the number of PD-LI-positive tumor-
associated macrophage in the region where tumor cells were
present were roughly evaluated, and the ratio of the
approximate number of total PD-LI-positive tumor-
associated macrophage /number of EBER-positive tumor
cells x 100 was calculated. For example, when the number
of PD-L1-positive tumor-associated macrophage was con-
sidered to be similar to that of tumor cells in the area, the
ratio was evaluated as 100. When PD-L1-positive tumor-
associated macrophage appeared to comprise 1/10 of the
tumor cells, the ratio was 10. When the number of PD-L1-
positive tumor-associated macrophage was approximately
twice the number of tumor cells, the ratio was 200.
Finally, the PD-L1 expression values of tumor cells and
tumor-associated macrophage were summed and used as the
PD-L1 score.

To investigate the composition of immune cells that
surround extranodal NK/T-cell lymphoma tumors, immu-
nohistochemistry was performed on tissue from the training
cohort using stains for CD68 (clone 514H12, Leica Bio-
systems, IL, USA) and CD163 (clone 10D6, Thermo Fisher
Scientific, CA, USA) (for macrophages), CD8 (clone SP57,
Ventana, AZ, USA) (for cytotoxic T-cells) and FoxP3
(clone 236 A/E7, Abcam, Cambridge, UK) (for Treg).
Details of the immunohistochemistry stains are given in
Supplementary Table 3. The number of positive cells was
counted manually after photographing one representative
field with the highest tumor cell density per immunohis-
tochemistry slide, visualized at x40 magnification. The area
of the image was 60,000 um? (300 x 200 um). In practice,
the field is viewed directly under a microscope without
collecting an image, so the area was multiplied by 3.33 to
reach a value of ~200,000 pmz (0.2 mm?2), the area of a field
under a microscope at a x40 magnification.

In the wvalidation cohort, CD68, FoxP3, and PD-L1
immunostaining were performed in the same manner
described for the training cohort. PD-L1 staining was con-
ducted using a single staining procedure without EBER, and
the EBER slides were evaluated together with the tumor
area and tumor cell density to calculate the PD-L1 score
following the same procedure as described for the training
cohort.

Statistical analyses

We used the SPSS 24.0 statistical software program (IBM
Corporation) for statistical analyses. Pearson’s chi-square
test or linear-by-linear association was used for crossover
analysis of clinicopathological features. A Kaplan—Meier
curve (log-rank test) was used for survival analysis. Pear-
son’s correlation test was used to analyze the correlation
between two continuous variables. When comparing two or
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more groups of continuous variables, the Mann—Whitney
test for two groups or the Kruskal-Wallis test for more than
two groups was performed. P values <0.05 were considered
statistically significant.

Results
NanoString assay and hierarchical clustering

Using the heatmap from the NanoString assay, 38 patients
were divided into four clusters (A, B1, B2, and C) (Fig. 2a).
There were no significant differences in age, sex, or location
among the clusters. However, statistically significant dif-
ferences were found in serum EBV DNA copy number (P =
0.014), Ann Arbor stage (P = 0.035), and prognostic index
of natural killer lymphoma [21] (P = 0.023). Cluster A was
associated with the absence of serum EBV DNA detection,
early stage, and the low-risk group. Cluster C showed the
opposite pattern of cluster A. Table 1 summarizes the clin-
icopathological features of the four NanoString clusters.
We next evaluated the activity of major immune-related
genes across each NanoString cluster (Fig. 2b). In cluster A,
CCL22 expression was high, and the expression of FOXP3
and ICOS were also high. CD274, IDO1 and CD276, which
are representative inhibitory immune checkpoint genes,
showed the highest activity in cluster B1 relative to the
other clusters. Among the KI/R family of immune check-
point genes, KIR-activating subgroup 1 genes (including
KIR3DS1, KIR2DS1, KIR2DS2, and KIR2DS4) were most
highly expressed in cluster B1, whereas KIR-inhibiting
subgroup 2 genes (including KIR2DL3, KIR2DIA,
KIR2DLS, KIR3DL3, KIR2DLI, KIR2DL2, KIR3DLI, and
KIR3DL2) were most highly expressed in cluster B2.
Moreover, KLRGI had the lowest expression in cluster B2.
The expression of /IFNG and GZMB, which are surrogate
markers of immune activity, was highest in cluster B2. In
cluster C, the expression of most genes was decreased, but
KLRGI and MIF showed high expression in cluster C.

Double procedure for PD-L1 (SP142)
immunohistochemistry and EBV in situ
hybridization

Of the 95 cases, more than 50% and 10% tumor cell posi-
tivity for PD-L1 was observed in two cases (2%) and six
cases (6%), respectively, and 61 cases (64%) were com-
pletely negative for PD-L1 in tumor cells. Concerning the
PD-L1 score for tumor-associated macrophage (PD-L1
tumor-associated macrophage score), 24 cases (25%) had
scores above 100, 57 cases (60%) had scores above 10, and
19 cases were completely negative (20%). The mean PD-L.1
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score (tumor cell PD-L1 expression plus PD-L1 tumor-
associated macrophage score) in the training cohort was
65.8, and the median value was 30.0. The PD-L1 score was
above 100 in 29 cases (31%) and above 10 in 59 cases
(62%). These values were lower than the PD-L1-positive
rates (varies according to cutoff value) reported in pre-
viously published papers on extranodal NK/T-cell lym-
phoma [8, 14—17]. Thus, we compared the quality of PD-L1
staining in PD-L1/EBER double-stained slides with that in
PD-L1 single-stained slides in all patients to identify
potential false-negative artifacts due to staining combined
with EBV ISH. We found no significant difference in
PD-L1 expression levels assessed via analysis of double-
versus single-stained slides. (Supplementary Fig. 1).

Quantitative assessment of immune cells by
immunohistochemistry

The mean cell counts (per high-power field (/HPF)) of
CD68, CD163, CDS, and FoxP3-positive cells were 580,
667, 891, and 153, respectively. The numbers of CD68,
CD163, and CDS8 positive cells was slightly higher in
cluster B1 than A, and lower in cluster C than A. Moreover,
FoxP3 expression was the highest in cluster A and
decreased toward cluster C (Fig. 2c). The CD68-positive
cell counts and CD163 positive cell counts were positively
correlated (R2:0.682, P<0.001, graph not shown). In
cluster C, inflammatory cells, including CD8 + cytotoxic
T-cell, were relatively rare. In four of five cluster C cases,
process-type macrophages were predominant (>90%) in
CD68 staining. Process-type macrophage refers to the
macrophage consisting of a small cell body and dendritic
processes with a small amount of cytoplasm, resulting in
fusiform shape. The morphology of these macrophages in
the CD68 staining was similar to that in the CD163 staining.

Development of a classification system using
immunohistochemistry

Based on the above results, we developed a classification
system to classify tumor immune microenvironment sub-
groups using immunohistochemistry, and we applied this
classification system to the training cohort (Fig. 3a). The
typical immunohistochemistry pattern of each subgroup is
depicted in Fig. 3b. The groups corresponding to Nano-
String clusters A, B1, B2, and C that came out of this
classification system were named immune tolerance (IT),
immune evasion A (IE-A), immune evasion B (IE-B), and
immune silenced (IS), respectively. When the training
cohort was classified into subgroups using the classification
system, the IT, IE-A, IE-B, and IS groups included 13 cases
(14%), 49 cases (52%), 25 cases (26%), and 8 cases (8%),
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Fig. 3 a Based on the results of the NanoString assay, we defined four
novel extranodal NK/T-cell lymphoma tumor immune microenviron-
ment subgroups using three types of immunohistochemical staining
(FoxP3, PD-L1, and CD68). The subgroups identified according to this
protocol were named immune tolerance, immune evasion A, immune
evasion B, and immune silenced, according to their immunologic
features. b Representative immunohistochemistry images of
each tumor immune microenvironment subgroup. FoxP3-positive
regulatory T-cells are very abundant in IT but then decrease rapidly.

respectively. When comparing NanoString clusters (A, B,
and C) and the tumor immune microenvironment subgroups
(IT, IE, and IS) generated by our classification system, 36 of
38 cases (94%) were matched. (Fig. 3c) Histologically,
extensive necrosis was identified in 3 cases (23%), 27 cases
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(55%), 8 cases (32%), and 0 case (0%) in IT, IE-A, IE-B,
and IS groups, respectively. In all eight cases of IS group,
even focal necrosis was not identified. (Supplementary
Table 4) In the IT subgroup, stage I-II cases accounted for
92% of samples and prognostic index of natural killer
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Fig. 4 a Clinical heatmap for all patients (training and validation
cohorts). b Bar graphs comparing the Ann Arbor stage and prognostic
index of natural killer lymphoma risk classification across tumor
immune microenvironment subgroups in the training cohort and
validation cohort. ¢ Kaplan—Meier curves of overall survival for each

lymphoma low-risk cases accounted for 69% of samples. In
contrast, 75% and 63% of IS patients were stage III-IV and
prognostic index of natural killer lymphoma high-risk,
respectively. Both the Ann Arbor stage and prognostic
index of natural killer lymphoma showed consistent trends
in the order IT, IE-A, IE-B, and IS (Fig. 4a). Survival was
also highest in the IT subgroup and lowest in IS patients
(Fig. 4b, c¢). To verify the accuracy of this
immunohistochemistry-based classification system, we next
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Months
Number at risk
IT 6 2 0 0 0 0
IE-A 32 9 0 0 0 0
IEB 8 2 0 0 0 0
IS 4 0 0 0 0 0

tumor immune microenvironment subgroup in the training cohort and
validation cohort. The IT group showed the best prognosis and the IS
group the worst in both training and validation cohorts. IT immune
tolerance, IE immune evasion, IS immune silenced, LN lymph node,
EBV Epstein—-Barr virus

applied it to the validation cohort (N = 50). The training and
validation cohort were diagnosed at different times, but
there was no statistically significant difference in clin-
icopathological characteristics. (Supplementary Table 1) In
the validation cohort, the IT, IE-A, IE-B, and IS subgroups
contained 6 (12%), 32 (64%), 8 (16%), and 4 (8%) patients,
respectively, proportions very similar to those observed in
the training cohort. The Ann Arbor stage, prognostic index
of natural killer lymphoma, and prognostic data for each
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subgroup from the validation cohort were also consistent
with those from the training cohort.

The examination of sequential biopsies and immune
shift

Formalin-fixed paraffin-embedded blocks from sequential
biopsy specimens were available for three patients from the
training cohort. immunohistochemistry conducted on spe-
cimens collected at different time points (1.8—11.5 months
apart) showed differences in the expression of FoxP3 and
PD-L1 over time (Fig. 5a). Case #1 was classified as IT

based on analysis of the first biopsy due to its high number
of FoxP3-positive cells. Immunohistochemistry conducted
on the biopsy obtained 11.5 months later, however, showed
no FoxP3-positive cells, and thus the second biopsy corre-
sponded to IE-A according to our classification system. In
Case #2, FoxP3-positive cells decreased from 1080/HPF in
the first biopsy to 178/HPF in the second biopsy obtained
2.9 months later. There was an immune shift from IT to IE-
A. Finally, in Case #3, while there was no shift in subgroup
classification, PD-L1, which was not expressed in tumor
cells in the initial biopsy, began to be expressed abruptly in
the subsequent biopsy (PD-L1 score 100—180).

A First biopsy Second biopsy First biopsy Second biopsy
R SRRV T 3 LA -
Oropharynx Nasal cavity %
Stage Il Stage IV
Case #1 | FoxP3 1016/HPF =P | FoxP3 0/HPF
PD-L1 score 200 11.5months | PD-L1 score 100
Immune tolerance Immune evasion
Nasal cavity Nasal cavity
Stage | Stage Il
Case #2 | FoxP3 1080/HPF — FoxP3 178/HPF
PD-L1 score 10 2.9 months PD-L1 score 20
Immune tolerance Immune evasion
Nasopharynx Palatine tonsil
Stage Il Stage IV
Case #3 | FoxP3 20/HPF — | FoxP3 10/HPF
PD-L1 score 100 1.8 months PD-L1 score 180
Immune evasion Immune evasion
PD-L1
status
high e ® | j—— IT
high o+ IE-A
low e | —— N E-B
[}
low 1 > s
low e
low ©® ® CR
low ® ® PR
low [ ) @ PD
iow ® O Death
low (o]
(G o —» Continued response
I * Lost to follow-up
6 1 2 3 4 5 6 1 & & 10 11 12 13 14 ' 22 23 o4

Months

Fig. 5 a Immunohistochemistry staining results for three patients from
whom serial biopsies were obtained. In Case #1 and #2, the expression
of FoxP3 was reduced in tissue from the first biopsy versus the second,
and in case #3, PD-L1 expression in EBER-positive tumor cells was
observed in the second biopsy, but not the first. b Swimmer’s plot
showing the response of 11 extranodal NK/T-cell lymphoma patients

receiving pembrolizumab. In the IT, IE-A, and IE-B groups, some
patients showed responses to pembrolizumab, but among the IS group,
no patients showed a response. HPF high-power field, EBER
Epstein—Barr virus-encoded small RNA, IT immune tolerance, IE-A
immune evasion A, IE-B immune evasion B, IS immune silenced, CR
complete response, PR partial response, PD progressive disease
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Response to pembrolizumab according to tumor
immune microenvironment subgroup

We next investigated how 11 refractory or recurrent extra-
nodal NK/T-cell lymphoma patients responded to the anti-
PD-1 agent pembrolizumab (dose of 100 mg, treatment
cycle was repeated every 3 weeks) in a validation cohort.
(Supplementary Table 5) The tumor immune micro-
environment subgroup of each patient was determined, and
their response to pembrolizumab was assessed using 2-
deoxy-2-fluorine-18-fluoro-D-glucose positron emission
tomography integrated with computed tomography accord-
ing to standard criteria. One IT patient achieved complete
remission (CR) and maintained this response for more than
15 months. Three of five IE patients showed a response, and
indeed the two IE-B patients who achieved CR had durable
responses of more than 12 and 19 months. All five IS
patients showed no response to pembrolizumab (Fig. 5b).

Discussion

In this study, we classified extranodal NK/T-cell lymphoma
patients into four subgroups according to the results
obtained from a NanoString assay of a panel of 579
immune-related genes. Based on the immunopathologic
characteristics of each group, we developed a new classi-
fication system that divides extranodal NK/T-cell lym-
phoma patients into four tumor immune microenvironment
subgroups using three immunohistochemistry markers
(FoxP3, PD-L1, and CD68).

The most representative pathologic feature of NanoString
cluster A is a high-Treg count and FOXP3 expression.
High-Treg counts suppress peritumoral cytotoxic T-cells
activity, so we named this subgroup “immune tolerance” or
“IT”. IT patients were clinically characterized as having
early Ann Arbor stage disease, nasal extranodal NK/T-cell
lymphoma, and the best prognosis. Although the reason for
elevated Treg counts in IT patients is unclear, several stu-
dies have shown that EBV infection is associated with high-
Treg infiltration in both benign and malignant conditions
[24-27]. CCL22, which has been shown to recruit Tregs in
EBV-infected cells [28], also showed higher levels of
expression in cluster A than in other clusters. In other
words, high Treg can be considered as the strategies by
which EBV-infected T/NK cells escaping host immunity are
maintained in this group of patients, which supports the
hypothesis that IT represents early-stage extranodal NK/T-
cell lymphoma. These results are somewhat unexpected, as
theoretically Tregs promote tumor progression by inhibiting
antitumor immunity. In 2009, Kim et al. reported that high-
Treg counts are a good independent prognostic marker of
extranodal NK/T-cell lymphoma [29]. In this study, high-
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Treg extranodal NK/T-cell lymphoma was associated with
nasal location (statistically significant) and early stage (not
statistically significant). In our opinion, the prognosis of
high-Treg extranodal NK/T-cell lymphoma is better
because most of the tumors in this group are early extra-
nodal NK/T-cell lymphoma.

NanoString cluster B showed intermediate clin-
icopathological features between those of clusters A and C.
The most prominent characteristic of cluster B is the high
expression of inhibitory immune checkpoint markers, such
as CD274, accompanied by active immune reactions. Thus,
we named this tumor immune microenvironment subgroup
“immune evasion” or “IE”.

The IE subgroup showed the highest expression of PD-
L1. There are two known mechanisms of PD-L1 expression:
intrinsic (induced by oncogenic mutation) and extrinsic
(induced by external stimuli) pathways [30]. In a previous
study, it was suggested that extranodal NK/T-cell lym-
phoma expresses PD-L1 through mutation of the JAK/STAT
signaling pathway during tumorigenesis [13]. However,
PD-L1 expression may also be upregulated by external
stimuli such as interferon gamma [31, 32]. Indeed, inter-
feron gamma induces PD-L1 expression on macrophages
[32, 33]. In our study, all patients that showed PD-L1
positivity in tumor cells also showed PD-L1 positivity in
tumor-associated macrophage, suggesting the presence of
common external stimuli. In addition, in the serial biopsy
case #3, tumor cells that were negative for PD-L1 in the
initial biopsy expressed PD-L1 in the subsequent biopsy,
suggesting PD-L1 expression on tumor cells may change
with disease progression.

We divided NanoString cluster B into two subgroups, B1
and B2. The number of cytotoxic T-cells and the expression
of immune checkpoint genes such as CD274, IDOI, and
CD276 were lower in cluster B2 compared with B1. PD-L1
tumor cell positive patients, although few, were mostly
concentrated in cluster B1. Thus, in our model, PD-L1
expression by immunohistochemistry was used as a criter-
ion for dividing clusters B1 and B2. Clusters B1 and B2
correspond to tumor immune microenvironment subgroups
IE-A and IE-B, respectively.

NanoString cluster C showed decreases in most immune
cells and no necrosis. After immunostaining of this group,
few inflammatory cells other than process-type macro-
phages were observed, indicating the depletion of the
immune response. Therefore, this group was named
“immune silenced” or “IS”. IS was associated with an
advanced disease stage, the high-risk group in prognostic
index of natural killer lymphoma, and a very poor prog-
nosis, suggesting that IS represents late extranodal NK/T-
cell lymphoma. Also, the absence of necrosis in this group
suggests that tissue necrosis, one of the characteristics of
extranodal NK/T-cell lymphoma, may be attributed to anti-
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tumoral host immunity. Results from the NanoString assay
of cluster C showed that almost all immune-related gene
expression was markedly decreased in these patients, except
for a few genes, such as MIF. The mechanism of IS for-
mation is not yet clear, but we hypothesize that it may
involve T-cell exhaustion [34] or the selective survival of
tumor cells. The original concept of immunoediting is that
the cancer undergoes an elimination phase during the early
stage of tumorigenesis, goes through the equilibrium phase
and enters into the escape phase [35]. This phenomenon
may occur similarly during progression of the tumor
[36, 37]. Alternatively, perhaps an unidentified factor
actively suppresses the immune response in IS. For exam-
ple, MIF (macrophage migration inhibitory factor) has
various biological activities [38], and one of these activities
is to recruit myeloid-derived suppressor cells (MDSC),
which cause immune suppression [39]. In malignant mela-
noma [40], MIF suppresses T-cell activation through cir-
culating MDSC. 4-IPP (4-iodo-6-phenylpyrimidine), a
small molecule MIF antagonist, has been shown to reduce
MDSC-mediated suppression of T-cell activation and
interferon gamma production in advanced-stage melanoma
[41]. MIF antagonists might be considered a potential
treatment option for extranodal NK/T-cell lymphoma
patients with IS, which do not respond to immune check-
point blockade.

Our results may suggest that IT, IE-A, IE-B, and IS
represent sequential stages of extranodal NK/T-cell lym-
phoma disease progression. First, the Ann Arbor stages and
prognostic index of natural killer lymphoma(-EBV) risk
groups worsen from IT to IS subgroups. The second reason
is the causal explanation. The hypothesis is as follows.
EBV-infected T/NK cells in the nasal cavity are exposed to
host immune surveillance and secrete chemokines (e.g.,
CCL22) to recruit Tregs for immune evasion. Surviving
EBV-infected T/NK cells begin proliferating uncontrollably
after a tumorigenic driver mutation has occurred. As Tregs
decrease in number, tumor cell mutations accumulate,
immunogenic neoantigens increase, and cytotoxic T-cells
attack the tumor cells. As a countermeasure against this
attack, tumor cells and surrounding tumor-associated mac-
rophages express PD-L1. Upon reaching the IS stage during
the immune suppressive process, the tumor cells proliferate
rapidly and disseminate systemically in the absence of
immune surveillance. These hypothetical steps are sche-
matically illustrated in Fig. 6. The third reason is the
changes in tumor immune microenvironment subgroups
that were observed in serial biopsies. A shift in classifica-
tion from IT to IE was observed in two patients. While the
third patient remained IE over time, an increase in PD-L1
expression was noted between the first and second biopsy.

PD-L1 is an important biomarker that is widely used
for patient selection for anti-PD-1/PD-L1 blockade via

A

Anti-inflammatory response

Anti-tumoral immunity

Inhibitory immune checkpoint

EBV(+) IT IE-A IE-B IS
preneoplastic
nasal mucosa

Immune tolerance

Immune evasion Immune silenced

Fig. 6 a Schematic depicting the hypothesized mechanisms underlying
extranodal NK/T-cell lymphoma progression. In the EBV-positive
preneoplastic nasal mucosa, EBV-infected cells recruit Tregs. In IT,
inflammatory cell infiltration is high, but their activity is inhibited by
Tregs. When the number of Tregs decrease, the activity of cytotoxic
T-cells increases, and PD-L1 expression rises (IE-A). Patients then
progress to IE-B, in which the inflammatory response is gradually
declining, and eventually to IS, in which almost all immune functions
are suppressed. b Schematic illustrations of the immune response
occurring in each tumor immune microenvironment subgroup. In IT,
Tregs recruited by tumor cells suppress other immune responses. In IE,
cytotoxic T-cells are active, but PD-L1 expression in tumor cells and
tumor-associated macrophages is induced, suppressing cytotoxic T-
cells activity and proliferation. In IS, almost all immune cells are
absent, and only process-type macrophages remain. The function and
role of these cells is not yet known. The blue line indicates positive
effects, and the red line indicates negative effects. The dotted line
indicates that the effect is weak. EBV Epstein—Barr virus, IT immune
tolerance, IE immune evasion, IS immune silenced, M® macrophage,
Th helper T-cell, CTL cytotoxic T-cell, Treg regulatory T-cell, P
process-type macrophage

immunotherapy. However, in our data, two of three patients
in the IE-B group, which is a low PD-L1 expression group,
showed a durable complete response to pembrolizumab.
While these are low-sample sizes, the results suggest that
PD-L1 alone may not be sufficient for the detection of
extranodal NK/T-cell lymphoma patients who will respond
to immunotherapy.

CD68 is the most useful marker for identifying the IS
group, and it is the only marker that can select a patient
group that will not respond to an anti-PD-1 agent. The
dominant distribution of process-type macrophages is a
unique finding that is not often observed in general
CD68 staining, except for microglia in central nervous
system. CD68 staining of process-type macrophages are
presented in Supplementary Fig. 2.
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In this study, we first suggested the possibility of an
immune shift during disease progression in extranodal NK/
T-cell lymphoma. This is a new perspective on the tumor
immune microenvironment that has not been described
previously. In addition, our new classification system for
defining tumor immune microenvironment subgroups is
expected to be a useful tool for the selection of extranodal
NK/T-cell lymphoma patients who will respond to immu-
notherapy. Moreover, further studies are required to inves-
tigate whether our tumor immune microenvironment model
is applicable to other lymphomas and nonhematopoietic
malignant tumors.
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