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Abstract 

Natural killer/ T-cell lymphoma (NKTL) patients failing L-asparaginase regimens have 

extremely poor treatment outcomes. Previous case series showed promising activity when 

relapsed or refractory NKTL patients were treated with anti-programmed death 1 (PD1) 

inhibitors. Here, we continue to unravel the molecular profiles with whole-genome 

sequencing (WGS) on an extended cohort of 11 pembrolizumab-treated patients (median age 

at diagnosis, 42 years; range, 27-66 years) with a median follow-up of 11 months (range, 2 - 

25 months) since starting anti-PD1 therapy. Seven patients achieved complete response (CR) 

and four patients had progressive disease (PD). Using WGS, we found structural 

rearrangements of the PD-L1 gene, JAK3-activating mutations and ARID1B homozygous 

insertion in four, two and one of the CR patients’ tumors, respectively. Interesting, these 

alterations, especially PD-L1 rearrangements, were absent in the four PD cases. Expression of 

PD1 ligand (PD-L1) was strong in nine patients (5 CR and 4 PD cases) and weak in two 

patients (both CR). PD1 blockade with pembrolizumab was a potent strategy for NKTL 

patients and genomic screening could potentially accompany PD-L1 immunohistochemical 

screening to better select patients for anti-PD1 therapy.  
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Introduction 

Natural killer/T-cell nasal-type lymphoma (NKTL) is an uncommon and aggressive 

malignancy with a predilection for Asian, Mexican and South American populations 1. With 

the exception of Japan, it is the most common mature T-cell lymphoma in Asia 2. NKTL often 

presents as an extra nodal disease and mostly affects the upper aerodigestive tract. Neoplastic 

cells are invariably infected by the Epstein Barr virus (EBV) and are characterized by a 

cytotoxic phenotype 3. The genetic landscape of NKTL has been recently unraveled by 

discoveries describing recurring mutations altering the JAK-STAT pathway, epigenetic 

modifiers, the DDX3X gene and genetic predisposition in the HLA-DPB1 gene but none has 

employed whole-genome sequencing 4-9. 

Recently, immune checkpoint (ICP) inhibitors have revolutionized the treatment of many 

cancers including some hematologic malignancies 10. Of note, the most impressive results are 

observed with the use of programmed death-1 (PD1 or CD279) inhibitors in 

relapsed/refractory (RR) Hodgkin lymphoma (HL) 11,12 and non-small-cell lung cancer 13. 

Investigations on several solid tumors, including non-small-cell lung carcinoma, melanoma 

and bladder cancer, have generally concluded that immunohistochemistry (IHC) PD-L1 

positivity coincides with greater likelihood of response to PD1/PD-L1 blockade. However, 

there was also a lower but definite response rate in patients with PD-L1-negative tumors 14. 

These observations suggested that PD-L1 IHC might not be the optimal selection criterion for 

PD1 blockade therapy 15.  

Here we report retrospectively, for the first time, the genomic mutational profiles of anti-PD1 

blockade in 11 RR NKTL patients using WGS data, which provide proof-of-concept data that 

the response to anti-PD1 is relevant and correlates with PD-L1 and JAK3 genomic alterations 

in this malignancy.  
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Study Design/Method 

Patients 

Our study cohort consists of 11 patients with RR NKTL failing L-asparaginase regimens from 

Singapore, China and Hong Kong. Patients were diagnosed with NKTL according to the 2008 

World Health Organization classification with cytotoxic, CD3ε+ and EBER+ phenotypes 3. 

Response assessment was performed using a combination of PET/CT or CT/MRI, EBV PCR, 

and in one patient, histological assessment of a resected lesion that was fluorodeoxyglucose 

avid on PET/CT scan. The duration of response (DoR) was calculated from the date of 

starting pembrolizumab to the date of progression or death. The median DoR was estimated 

using the Kaplan-Meier method. Institutional Review Boards from SingHealth (2004/407/F), 

National University of Singapore (NUS-IRB-10-250) and Sun Yat-sen University Cancer 

Center (YB2015-015-01) approved the study. All subjects in this study provided written 

informed consent.  

Whole-genome sequencing and variant-calling 

Whole-genome sequencing was performed for all the tumors and their matching whole blood 

with Illumina TruSeq Nano DNA Library Prep Kit. Sequencing reads were aligned using 

BWA-MEM 16 to the hs37d5 human reference genome. Strelka 17 and MuSE 18 were used to 

detect somatic short variants. Variants were subsequently annotated by wAnnovar 19 on 12th 

March 2018. The genic regions of PD-L1 and PD-L2 were manually inspected for somatic 

structural rearrangements (SR) with IGV. All validation and cloning primers used in this 

study are described in Supplementary Table 1-2, respectively. 

Data Availability 

The WGS data of 11 ENKL-normal/blood pairs have been deposited in European Genome-

phenome Archive (EGA) under the study accession code: EGAS00001002420. 

Results and discussion 

Clinical descriptions of the 11 RR NKTL patients and their responses to pembrolizumab 

Eleven NKTL patients who, relapsed or were refractory to L-asparaginase containing 
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chemotherapy regimens, and who, had tumor tissue for analysis, were included in this study. 

They were all males with a median age of 42 (range 27-66). Seven patients (63.6%) achieved 

a CR with pembrolizumab treatment and four patients (36%) had PD (Table 1). The median 

duration of response to pembrolizumab (for responding patients) was 14 months (95% CI 6-

UD). Table 1 also describes how each patient has been treated and the PD-L1 IHC level of 

their respective tumor before pembrolizumab treatment.  

Sequence analysis of the 11 RR NKTL pembrolizumab-treated patients 

Whole-genome sequencing was performed for 11 pairs of tumor-blood samples to study the 

association between somatic mutations and response to pembrolizumab. The NKTL tumors 

and whole blood were sequenced to an average depth of 66.6x and 37.5x, respectively 

(Supplementary Table 3). Somatic variant calling yielded an average of 47 (range: 8 – 127) 

non-silent variants per sample (Supplementary Table 4). Interestingly, recurrent PD-L1 SRs 

(Figure 1A) were validated in four of the seven CR cases and similar PD-L1 alterations have 

been reported in other malignancies, such as Adult T-cell leukemia/lymphoma and diffuse 

large B-cell lymphoma 20. JAK3-activating (p.A573V) mutations (Figure 1B) were also 

validated in another two pembrolizumab-treated patients who have achieved CR 

(Supplementary Figure 1). Lastly, we also found a homozygous 3 bp insertion 

(p.Q131_H132insQ) in the ARID1B gene, a chromatin remodeler gene and a subunit in the 

SWI/SNF complex in the last remaining CR case. A recent study has also reported PBRM1-

deficient and ARID2-deficient tumors correlated with better response to anti-PD1/PD-L1 

therapy renal cell carcinoma 21. There seems to be a relationship between truncating 

alterations in the subunits of the SWI/SNF complex and response to PD1/PD-L1 therapy. 

However, the exact mechanisms behind these associations remain to be elucidated for NKTL.  

Analysis of the WGS data from the four PD patients’ tumors did not reveal similar alterations 

in the PD-L1 and JAK3 genes (Figure 1C). A careful inspection was also carried out on the 

genes associated with major histocompatibility complex and interferon gamma pathways, 

which are known to associate with resistance to immune checkpoint blockade in melanoma, 
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but no further mutation in these groups of genes was found in our cohort. However, a TP53 

(p.W14X) stop-gain mutation, a hallmark tumor suppressor gene, was detected in a patient 

(NKTL27) who had progressive disease (PD) after given pembrolizumab.  

PD-L1 IHC membranous staining of the pretreated NKTL tumors 

We went on to check if PD-L1 IHC staining could explain the response of RR NKTL patients 

to pembrolizumab. In this study, tumors were stained and assessed for PD-L1 positivity by 

the same pathologist. All cases, except NKTL29 and NKTL31, have greater than 20% of 

tumor cells stained positive for PD-L1 (Supplementary Table 5). Interesting, both NKTL29 

and NKTL31 are CR cases. In addition, all four PD cases were strongly stained for PD-L1 

with an average of 69% PD-L1 positive cells (range, 50% - 90%) but their outcomes were 

dismal. This suggests that there could be a companion biomarker that could be added to PD-

L1 IHC positivity for better predictive power of response to PD1 blockade therapy.  

Regulatory activity of the smallest PD-L1 structural rearrangement identified 

Four PD-L1 3’UTR SRs were identified and three of them were validated to result in the 

disruptions of PD-L1 3’UTR. The last remaining SR is a 206 bp inversion within the 3’UTR 

of PD-L1, which to our knowledge, is also the smallest PD-L1 SR ever identified. To 

determine the functional significance of this inversion in regulating PD-L1 expression, the 

wild type and mutant (with 206 bp inversion) PD-L1 3’UTR were cloned into a luciferase 

reporter assay system and transfected into lymphoma and leukemia cell lines. Our results 

show that the wild type PD-L1 3’UTR could effectively suppress the expression of the 

reporter protein and the smallest identified SR could relieve this suppression in NK-S1, K-

562 and Jurkat cell lines (P = 0.01, P = 0.01 and P = 0.03; Supplementary Figure 2). With 

this, we characterized the 3’UTR of PD-L1 to be generally suppressive and the PD-L1 SRs 

would probably offer a direct explanation to how some NKTL tumors have evaded immune 

surveillance.  

Clonality of PD-L1 structural rearrangements, JAK3-activating and ARID1B-insertion mutations  
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Although the mechanisms of response remain to be elucidated, we were interested in the 

clonality of each genomic alterations identified in Figure 1C. From the sequencing of the 11 

cases, we were able to obtain solutions for the clonal architectures of 10 cases (1 CR case had 

no solvable clonality with SciClone 22). Seven cases, five CR cases and two PD cases, had a 

clonal architecture (Supplementary Table 6). Although, there are tumors that had a non-clonal 

architecture, all the somatic PD-L1, JAK3 and ARID1B alterations identified in this study 

resided in the founding clone of their corresponding pretreated tumors. This suggests that 

these alterations were already present during early onset of the disease. Although not 

definitive, the clonal residencies of these genomic alterations do support the observations of 

CR in these patients.  

Discussion 

From our analysis, JAK3-activating mutations and PD-L1 3’UTR disruptions, but not PD-L1 

expression, were found to be more associated with response to pembrolizumab in NKTL. 

Within the responders, the range of PD-L1 IHC scores varied greatly (6%, 2+ to 100%, 3+) 

and was not predictive of the efficacy of PD-1 blockade on NKTL patients. On the contrary, 

both NKTL25 and NKTL27 had strong PD-L1 IHC scores but suffered dismal results from 

PD-1 blockade treatment. This questions the reliability of PD-L1 expression as biomarker for 

selecting responders to immune checkpoint inhibitors for NKTL.  

The identification of two CRs to pembrolizumab harboring JAK3-activating mutations in our 

study also coincides with a recent report showing the long-term benefit of PD-1 blockade in a 

single lung cancer patient with JAK3-activating mutations 23. Moreover, Zaretsky et al 

recently reported that loss of JAK1, JAK2 or B2M, leading to a lack of response to interferon 

gamma or antigen presentation confers resistance to pembrolizumab in metastatic melanoma 

24. These data led us to speculate that JAK3-activating mutations could play an important role 

in patient’s response to immune checkpoint inhibitors.  

Here, in a setting of off-label use of pembrolizumab on a group of uncommon RR NKTL 
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patients, we do acknowledge that the size of the study cohort is small and the results will have 

to be validated further with an extended cohort of patients. 

In summary, PD-1 blockade in ENKL is promising and we hope that our results could pave 

the way to a proper trial that would have our reported correlates of response as positive 

selectors for PD-1 blockade. 

 

Acknowledgements 

This study is performed under the International Cancer Genome Consortium (ICGC) and is 

supported by grants from the Singapore Ministry of Health’s National Medical Research 

Council, Tanoto Foundation Professorship in Medical Oncology, New Century International 

Pte Ltd, Ling Foundation, Singapore National Cancer Centre Research Fund, ONCO ACP 

Cancer Collaborative Scheme, National High Technology Research and Development 

Program of China, Top-Notch Young Talents Program of China, Chang Jiang Scholars 

Program, Special Support Program of Guangdong, National Natural Science Foundation of 

China and Stichting tegen Kanker. 

We thank all the participants in the study, the SingHealth Tissue Repository, Advanced 

Molecular Pathology Laboratory at SingHealth, SingHealth Flow Cytometry unit, Duke-NUS 

Genome Biology Facility for assistance with this project, Dr. Nguyen Thanh Hung and 

A/Prof. Koji Itahana for technical support, staff members at the biobank of Sun Yat-sen 

University Cancer Center for their generous contribution in preparing patient samples. 

 

Authorship Contributions 

J.Q.L., T.T., M.-L.N., Y.L., B.K.H.C., J.I., D.H., T.S., W.L.P., C.C.Y.N., V.R., O.R., C.L.C., 

S.R. and C.K.O. analyzed the data. J.Q.L., M.-L.N., D.T., P.T., B.T.T., C.C.K., J.-X.B, 

T.Y.L., S.T.L. and C.K.O. were involved with the conception of the study. T.T., Q.-Q.C., 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 19, 2018. ; https://doi.org/10.1101/372383doi: bioRxiv preprint 

https://doi.org/10.1101/372383
http://creativecommons.org/licenses/by-nc-nd/4.0/


D.T., R.-J.P., D.M.Z.C., H.M.H., E.T., B.M., Q.C.C., L.-M.P., J.T., N.F.G., Y.T.G., C.P., 

Y.S.L., Y.L., M.T., M.F., R.A.-Y., T.S.-Y.C, S.-B.N., Y.-L.K., W.H., W.-J.C., and C.K.O. 

were involved with tissue and data acquisition, and logistics needs for the study. J.Q.L., T.T., 

M.-L.N., S.T.L. and C.K.O. wrote the manuscript. All authors discussed the results and 

approved the manuscript.  

 

Disclosure of Conflicts of Interest 

The authors declare no competing financial interests.  

  

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 19, 2018. ; https://doi.org/10.1101/372383doi: bioRxiv preprint 

https://doi.org/10.1101/372383
http://creativecommons.org/licenses/by-nc-nd/4.0/


References 

1. Aviles A. Nasal NK/T-Cell Lymphoma. A Comparative Analysis of a Mexican 
Population with the Other Populations of Latin-America. Mediterranean journal of 
hematology and infectious diseases. 2015;7(1):e2015052. 

2. Vose J, Armitage J, Weisenburger D, International TCLP. International peripheral T-
cell and natural killer/T-cell lymphoma study: pathology findings and clinical 
outcomes. Journal of clinical oncology : official journal of the American Society of 
Clinical Oncology. 2008;26(25):4124-4130. 

3. Chan JKC, Quintanilla-Martinez L, Ferry JA, Peh S-C. Extranodal NK/T-cell 
lymphoma, nasal type. In: Swerdlow SH, Campo E, Harris NL, et al., eds. WHO 
classification of tumours of haematopoietic and lymphoid tissues. 4th ed. Lyon: 
IARC Press; 2008:285-288. 

4. Koo GC, Tan SY, Tang T, et al. Janus kinase 3-activating mutations identified in 
natural killer/T-cell lymphoma. Cancer discovery. 2012;2(7):591-597. 

5. Jiang L, Gu ZH, Yan ZX, et al. Exome sequencing identifies somatic mutations of 
DDX3X in natural killer/T-cell lymphoma. Nature genetics. 2015;47(9):1061-1066. 

6. Kucuk C, Jiang B, Hu X, et al. Activating mutations of STAT5B and STAT3 in 
lymphomas derived from gammadelta-T or NK cells. Nature communications. 
2015;6:6025. 

7. Sim SH, Kim S, Kim TM, et al. Novel JAK3-Activating Mutations in Extranodal 
NK/T-Cell Lymphoma, Nasal Type. Am J Pathol. 2017;187(5):980-986. 

8. Bouchekioua A, Scourzic L, de Wever O, et al. JAK3 deregulation by activating 
mutations confers invasive growth advantage in extranodal nasal-type natural killer 
cell lymphoma. Leukemia. 2014;28(2):338-348. 

9. Li Z, Xia Y, Feng LN, et al. Genetic risk of extranodal natural killer T-cell 
lymphoma: a genome-wide association study. The Lancet Oncology. 
2016;17(9):1240-1247. 

10. Bryan LJ, Gordon LI. Blocking tumor escape in hematologic malignancies: the anti-
PD-1 strategy. Blood reviews. 2015;29(1):25-32. 

11. Ansell SM, Lesokhin AM, Borrello I, et al. PD-1 blockade with nivolumab in 
relapsed or refractory Hodgkin's lymphoma. The New England journal of medicine. 
2015;372(4):311-319. 

12. Armand P, Shipp MA, Ribrag V, et al. Programmed Death-1 Blockade With 
Pembrolizumab in Patients With Classical Hodgkin Lymphoma After Brentuximab 
Vedotin Failure. Journal of clinical oncology : official journal of the American 
Society of Clinical Oncology. 2016;34(31):3733-3739. 

13. Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab versus 
Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. The New England 
journal of medicine. 2016;375(19):1823-1833. 

14. Lipson EJ, Forde PM, Hammers HJ, Emens LA, Taube JM, Topalian SL. Antagonists 
of PD-1 and PD-L1 in Cancer Treatment. Semin Oncol. 2015;42(4):587-600. 

15. Topalian SL, Taube JM, Anders RA, Pardoll DM. Mechanism-driven biomarkers to 
guide immune checkpoint blockade in cancer therapy. Nat Rev Cancer. 
2016;16(5):275-287. 

16. Li H. Aligning sequence reads, clone sequences and assembly contigs with BWA-
MEM. q-bioGN. 2013:arXiv:1303.3997v1301. 

17. Saunders CT, Wong WS, Swamy S, Becq J, Murray LJ, Cheetham RK. Strelka: 
accurate somatic small-variant calling from sequenced tumor-normal sample pairs. 
Bioinformatics. 2012;28(14):1811-1817. 

18. Fan Y, Xi L, Hughes DS, et al. MuSE: accounting for tumor heterogeneity using a 
sample-specific error model improves sensitivity and specificity in mutation calling 
from sequencing data. Genome biology. 2016;17(1):178. 

19. Chang X, Wang K. wANNOVAR: annotating genetic variants for personal genomes 
via the web. J Med Genet. 2012;49(7):433-436. 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 19, 2018. ; https://doi.org/10.1101/372383doi: bioRxiv preprint 

https://doi.org/10.1101/372383
http://creativecommons.org/licenses/by-nc-nd/4.0/


20. Kataoka K, Shiraishi Y, Takeda Y, et al. Aberrant PD-L1 expression through 3'-UTR 
disruption in multiple cancers. Nature. 2016;534(7607):402-406. 

21. Miao D, Margolis CA, Gao W, et al. Genomic correlates of response to immune 
checkpoint therapies in clear cell renal cell carcinoma. Science. 2018;359(6377):801-
806. 

22. Miller CA, White BS, Dees ND, et al. SciClone: inferring clonal architecture and 
tracking the spatial and temporal patterns of tumor evolution. PLoS computational 
biology. 2014;10(8):e1003665. 

23. Van Allen EM, Golay HG, Liu Y, et al. Long-term Benefit of PD-L1 Blockade in 
Lung Cancer Associated with JAK3 Activation. Cancer Immunol Res. 2015;3(8):855-
863. 

24. Zaretsky JM, Garcia-Diaz A, Shin DS, et al. Mutations Associated with Acquired 
Resistance to PD-1 Blockade in Melanoma. The New England journal of medicine. 
2016;375(9):819-829. 

 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 19, 2018. ; https://doi.org/10.1101/372383doi: bioRxiv preprint 

https://doi.org/10.1101/372383
http://creativecommons.org/licenses/by-nc-nd/4.0/


Tables Table 1. Clinical information and outcomes before and after pembrolizumab treatment of 11 NK/T-cell lymphomma patients.
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Figure Legends 

Figure 1. Genomic profiles of 11 patients with relapsed/refractory NKTL lymphomas treated 

with pembrolizumab. (A) Schematics of the PD-L1 structural rearrangements that were 

validated in our study and an instance of the Sanger sequence of the validation done on the 

rearranged PD-L1 found in sample NKTL28. (B) A lollipop plot showing the recurrent JAK3-

activating single nucleotide variants (SNV) found in our cohort and an instance of the Sanger 

sequence of the validation done on the SNV found in sample NKTL29. (C) Staircase plot of 

genomic alterations found in the 11 NKTL-blood pairs of whole-genome sequencing data. 

The top bar of the staircase plot denotes the number of non-silent mutations. The left and 

right bars denote the recurrence rates of the altered genes in the cohort. The bottom contains 

the legend to the main matrix of the staircase plot. SG: Singapore. 
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Figures 

Figure 1. 

 

 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 19, 2018. ; https://doi.org/10.1101/372383doi: bioRxiv preprint 

https://doi.org/10.1101/372383
http://creativecommons.org/licenses/by-nc-nd/4.0/

