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To the Editor:

Antibodies targeting the immune checkpoint axis have been
approved by the FDA for the treatment of a broad range of
malignancies [1]. NKTCL is an aggressive hematological
malignancy derived from NK or T cells with ubiquitous
Epstein—Barr virus (EBV) infection, and there is no stan-
dard therapeutic option established for patients with relapse/
refractory (RR) NKTCL. Although clinical use of immune
checkpoint inhibitor (ICI) in RR-NKTCL setting is scarce,
two recent case series has achieved a combined complete
response rate of 50% [2, 3]. Conversely, a proportion of
these patients will be exposed to the side effects and cost of
ICI without deriving any clinical benefit. It is therefore
crucial to identify robust biomarkers that will reliably
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identify patients with RR-NKTCL with a high likelihood of
response to ICIL.

Several clinical biomarkers for ICI in solid malignancies
have been reported including programmed death-ligand
1 (PD-L1) expression, tumor mutational burden, T-cell
repertoire and human leukocyte antigen class diversity [4].
However, to our knowledge, none of these biomarkers have
been able to precisely predict for response in hematological
malignancies such as RR-NKTCL, where ICI holds con-
siderable promise [2, 3]. In order to address this gap, we
conducted a systematic retrospective clinical, histological,
and genetic analysis of 19 patients with RR-NKTCL treated
with the ICI pembrolizumab from six medical centers
(Fig. 1a). Having identified cryptic rearrangements of the
PD-LI gene as a strong positive predictor of response to
pembrolizumab, we initiated prospective screening of
newly relapsed NKTCL cases for this novel biomarker and
provided proof of concept for this approach.

The diagnoses of NKTCL in 21 patients in this study
were confirmed according to the 2008 World Health
Organization classification [5]. Investigations were carried
out according to the principles expressed in the Declaration
of Helsinki and all patients provided written informed
consent.

We performed retrospective genetic profiling on 19
patients and prospective screening on two patients with
RR-NKTCL (N=21) from Singapore, Seoul and
Hong Kong. In the absence of other viable therapeutic
options, the 19 patients who were retrospectively profiled
were treated with pembrolizumab. Twenty-one tumors
(19 formalin-fixed paraffin-embedded (FFPE) and two
snap-frozen) and 14 matching non-tumoral samples were
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Fig. 1 PD-LI structural rearrangements (PD-LI™'T) as a potential

biomarker of response to pembrolizumab for patients with
RR-NKTCL. a Schematic makeup of the study and the stratification
of patients with RR-NKTCL accordingly to their response to pem-
brolizumab. b Swimmers’ plot showing the duration of responses for
the 19 patients with RR-NKTCL who were treated with pem-
brolizumab. Tabular data showing the PD-L] mutation status, immu-
nohistochemical (IHC) PD-L1 positivity of tumor cells and PD-L1
stain grade (— is negative, + is weakly stained, ++ is moderately
stained and + ++ is strongly stained) accompanies each corre-
sponding NKTCL sample. ¢ Statistical performance measures of
sensitivity and precision by PD-LIMUT as a predictor for responders to
pembrolizumab. d Kaplan—-Meier plot comparing the overall survival
of patients with PD-LIMUT and PD-LI™T tumors. e Statistical tests on
various clinical features and gene-mutation between responders and
non-responders were carried out and the respective -log(P value) were

collected for histopathological and genomic sequencing.
NKTL1, NKTL25 and NKTL27 were collected at the time
of initial diagnosis while the other samples were collected
at time of relapse before ICI therapy. All patients provided
written informed consents. The list of genes that were
targeted by our custom probe-based panel is summarized
in Table S1. The list of primers used in the PCR-based
validation can be found in Table S2.

The study is designed with a type-I error of P <0.05,
>80% power and to confidently pick up a biomarker with an
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plotted. The vertical red line denotes the cutoff for significance at P =
0.05. f Representative images of PD-L1 IHC weakly, moderately,
strongly stained images for tumors from both responders and non-
responders of patients with RR-NKTCL to pembrolizumab. Percen-
tages of tumor cells positively stained by PD-L1 antibody are in
brackets. g Schematic diagram of the wild-type 9p24.1 locus and the
chimeric sequence representing the PD-LIMYT detected in the tumor
DNA of NKTL246. A snapshot of the aligned sequencing reads, which
are soft-clipped, at the genomic breakpoint of the PD-LIMYT are
shown in the ‘red’ box. h PCR-based gel validation correctly amplified
the 246 bp chimeric PD-LI sequence from the tumor (T), and not from
the buccal swab (BS), water (H;0). Sanger sequence validated the
chimeric PD-LI to base-pair resolution. R responder, NR non-
responder, MUT mutant, WT wild type, IPI international prognostic
index, ECOG eastern cooperative oncology group, n.s. not significant.

estimated recurrence of 25% in the pembrolizumab-treated
NKTCL cohort with Fisher’s exact test; minimum size of
cohort was determined to be 16.

Comparative analyses were done on clinical, histological
and genetic features to identify potential biomarkers for
response. Fisher-exact tests, Wilcoxon rank-sum tests
and log-rank tests were used to test for significance on
categorial, discreet-valued and survival analysis between
categorial subgroups using Kaplan-Meier statistics, respec-
tively. P <0.05 defines statistical significance in this study.
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Statistical sensitivity and specificity were determined as per
standard methodology [6].

The same pathologist assessed the immunohistochem-
istry (IHC) PD-L1 positivity of tumor cells centrally for all
samples in this study. The same staining procedure U
OptiView DAB (3,3’-Diaminobenzidine) IHC v5 was per-
formed on available tumoral samples from the initial ret-
rospective cohort. FFPE tissue sections were cut onto Bond
Plus slides. Tissue slides were then subjected to depar-
affinisation, rehydration and heat-induced epitope retrieval
using a Leica Bond Max autostainer (Leica Biosystems
Melbourne). The slides were incubated with the monoclonal
PD-L1 antibody (SP263, Ventana, CA, USA). Epstein-Barr
encoding region in situ hybridization was used to determine
tumoral sections of the stained slides. Images were acquired
for each case using a Vectra 3 pathology imaging system
microscope (PerkinElmer Inc) at a magnification of 400x.

Additional details on the methods of genomic sequen-
cing and variant-calling are in the Supplementary Notes.

Nineteen patients with RR-NKTCL were treated with
pembrolizumab in our group between 2015 and 2019. Each
patient was given pembrolizumab at 3 mg/kg about once
every three weeks until disease progression or intolerable
treatment-related toxicity. As per Lugano 2014 classifica-
tion [7], complete response, partial response, stable disease
and progressive disease were observed in seven (36.8%),
two (10.5%), one (5.3%) and nine (47.4%) patients,
respectively (Table 1). Overall response rate was 47.4%
and among these nine responders, long-term clinical benefit
averaging at 28.3 months (95% C.I. [17.4, 39.2] months)
was achieved from pembrolizumab treatment (Fig. 1b).
The basic clinical features of patients such as age, sex, prior
L-asparaginase treatment, Ann Arbor staging, international
prognostic index, and performance status did not differ
between the responders and non-responders (Tables 1 and
S3). The adverse events due to pembrolizumab included
severe pneumonia in one patient (NKTL46), and another
patient (NKTL128) with pneumonia, increased creatinine
and arthritis. Overall, treatment-related toxicity was
tolerable.

To investigate if there exist genomic alterations that
could be enriched within the responders, we performed
next-generation sequencing on 19 pre-pembrolizumab RR-
NKTCL samples and 13 matched normal tissues. Strikingly,
the most frequent somatic mutations were structural rear-
rangements disrupting the 3’-UTR of PD-LI1 (PD-LIMYT) in
four cases (21.1%) (Fig. S1). Frequent PD-LI structural
rearrangements was first reported in adult T-cell Leukemia/
Lymphoma [8], but its effect on response to ICI therapy in
the clinical setting is unclear [9]. Importantly, PD-LIMYT
was the only gene alteration that was significantly enriched
in the tumoral tissues of patients who responded to pem-
brolizumab compared to those who did not (P =0.03,

Fisher’s exact test) (Fig. 1b and Table S4). In fact, the
four patients’ tumors that are PD-LIMUT responded to
pembrolizumab and none of the 10 tumors from the non-
responders harbored this variant. Consequently, in our
cohort, PD-LIMYT achieved 100% specificity in identifying
responders to pembrolizumab. Sensitivity was modest
at 44.4% (4/9; PD-LIMYT responders / Total responders)
(Fig. 1c). In terms of survival outcomes, PD-LIMYT cases
had significantly better overall survival (Fig. 1d, Hazard
ratio=2.97e-09, mean=5.55, 95% C.I. [3.84, 7.26] years,
P =0.0279, log-rank test, see also Table S5) than PD-LIWT
cases (mean =2.59, 95% C.I. [1.25, 3.93] years) when
treated with pembrolizumab. Analysis of traditional clinical
predictors of response to standard chemotherapy revealed
no significant association with response to pembrolizumab
(Fig. le and Table S3).

Currently, IHC PD-L1 expression has been validated by
clinical Phase III trials as predictive biomarkers for ICI therapy
in selected solid malignancies [10]. We found that PD-L1 was
expressed in almost all our tumoral specimens (18/19 cases),
which is consistent with previous studies [2, 3, 11]. Further-
more, PD-L.1 positivity showed large inter-patient variability
regardless of whether patients responded (inter-patient range:
6-100%) or not responded (inter-patient range: 0-100%)
(Fig. 1f and Table S6). These results clearly showed that PD-
L1 positivity is less ideal than PD-LIMYT as a biomarker for
response to ICI therapy in NKTCL.

To test our hypothesis of using PD-LIMVT as a bona fide
predictor of response to anti-PD-1 therapy, we pro-
spectively screened patients with RR-NKTCL for PD-
LIMYT Two cases were screened, and one was found to be
PD-LIMYT. The PD-LIMYT case was a 70-year-old
man who relapsed after first-line treatment with GELOX
(gemcitabine, oxaliplatin and L-asparaginase) (Fig. S2).
Positron emission tomography/Computed tomography
showed disseminated disease involving multiple extra-nodal
sites (Fig. S3A). In view of the patient’s high-risk features
(advanced age, stage IV, >1 extra-nodal sites and elevated
serum lactate dehydrogenase), the patient was not eligible
for intensive combined chemotherapy or clinical trial.
We sequenced his relapse tumor and buccal swab samples,
detected (Fig. 1g) and validated the presence of the somatic
PD-LIMYT in his tumoral tissue (Fig. 1h). The patient was
started on pembrolizumab at a dose of 3 mg/kg every
3 weeks and achieved metabolic CR after the third cycle of
treatment (Fig. S3B) despite harboring several high-risk
features portending a grim prognosis. As of 30th Jan 2020,
he is still in clinical and molecular remission with an
undetectable EBV titre (Table S7).

PD-1 blockade has been a promising therapeutic option
for NKTCL [2, 3], and this was corroborated by the overall
response rate (47.4%, 9/19) observed in our initial retro-
spective pembrolizumab-treated cohort. NKTCL has been
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associated with ubiquitous EBV infection and, HLA-DPBI,
HIA-DRBI and ILIS8RAP polymorphisms, suggesting the
involvement of immune evasion in its tumorigenesis
[12, 13]. EBV is mostly presented as a clonal episomal form
with type II latency (EBNA1+, EBNA2-, and LMP1+) in
NKTCL [5]. Indeed, almost all of our biopsies from the
NKTCL tumors (94.7%, 18/19; Table S6) were positive for
membranous PD-L1 which is consistent with the observa-
tion that LMP1 induced the expression of PD-LI in
NKTCL [14]. Conceivably, LMP1-induced PD-L1 could be
transiently blocked by pembrolizumab. However, it has
been reported that induced PD-LI1 is likely a factor of
resistance to immune checkpoint blockade as compared to
constitutive PD-L1 expression by genetic alterations, such
as PD-LIMYT that are endogenous within the tumor cells
[15]. This could partially explain why some of our patients
with PD-LIVT but PD-L1+NKTCL did not achieve clinical
benefit from pembrolizumab. This highlights the potential
of PD-LIMYT as a biomarker to select patients with NKTCL
for PD-1 blockade therapy.

In conclusion, this is the first study reporting the sig-
nificant association of PD-LIMYT with response to pem-
brolizumab in patients with RR-NKTCL and tested its
clinical usefulness in a prospective case study. Our results
showed that PD-LIMUT is a potential biomarker to better
select patients with NKTCL for anti-PD-1 therapy,
improving the cost-economics and minimising adverse
events for our patients to ICI therapy.

Data availability

The datasets generated and/or analysed during the current study
are uploaded to the European Genome-phenome Archive
(EGA) repository with accession EGAD00001004140.
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