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Natural Killer/ T-cell lymphoma (NKTL)

B Peripheral T-cell lymphoma
Angioimmunoblastic

Natural killer/T-cell ymphoma

Adult T-cell leukemia/lymphoma
B Anaplastic large cell lymphoma, ALK+

Anaplastic large cell ymphoma, ALK-
Enteropathy-associated T-cell
Primary cutaneous ALCL

B Hepatosplenic T-cell

B Subcutaneous panniculitis-like

9.6% .
10.4% Unclassifiable PTCL
Other disorders

Tse E , and Kwong Y Blood 2013;121:4997-5005

» More prevalent in Asians, and the native American population

» Very strong association with Epstein-Barr virus (EBV)

» Standard therapy including radiation+ chemotherapy (five year
overall survival rate is 42%)

International T-cell Lymphoma Project; Delabie et a/, Blood 2010



Treatment (clinical challenge

Chemotherapeutic regimens
» GDP (gemcitabine, dexamethasone, cisplatin)/L-asparaginase
» GELOX (gemcitabine, L-asparaginase, and oxaliplatin)
» P-Gemox (gemcitabine, oxaliplatin, pegaspargase)
» SMILE (dexamethasone, methotrexate, ifosphamide, L-asparaginase, etoposide)
> After 2 cycles: ORR and CR, 80% and 45%, respectively.

> 1 year OS is about 50% (6 cycles) gu
Early stage curable with chemo-radiotherapy 2 o] LHH
§ ;IZ: |_|_|L_‘ p=0-0008
Advance stage has 5 years OS less than 20%
No targeted therapy is currently available for R/R NKTL. rime e damoss ont)
No standard salvageable therapy for most R/R NKTL patients i \
é : L\_‘ p=0-0008
Vose, J., et al. J Clin Oncol, 2008. 26(25): p. 4124-30. - p

Huang, Huiqgiang et al. . J Clin Oncol, 2023. 41(16):3032-3041.
Fox, Christopher P et al. The Lancet. Haematology, 2020. 7(4):e284-¢294



1. Translating Lymphoma Genomics to New
Therapeutics in NKTL




Constitutive Activation of JAK-STAT Signaling Pathway

In Natural Killer/T-Cell Lymphoma

Pathology International 2014; 64: 263-266 doi:10.1111/pin.12166
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JAK/STAT Pathway in NKTL: From Bench to Bedside

20-35% JAK3 mutations
JAK3 mut | (Cancer Discovery 2012, Leukemia 2013)

Tofacitinib (Pfizer) pan-JAK inhibitor
Ruxolitinib (Norvatis) JAK1/2 inhibitor

STAT mut | 10-20% STAT3 and
STAT5B mutations

I— statTic STAT3/5 inhibitor

NKTL cell proliferation
and survival



Targeting JAK3 activating mutants in NKTCL

Leukemia
https://doi.org/10.1038/541375-017-0004-x

ARTICLE
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Oncogenic activation of JAK3-STAT signaling confers clinical
sensitivity to PRN371, a novel selective and potent JAK3 inhibitor, in
natural killer/T-cell lymphoma
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Oncogenic Activation of STAT3 in Natural Killer/T-Cell Lymphoma

> Blood. 2018 Sep 13;132(11):1146-1158. doi: 10.1182/blood-2018-01-829424. Epub 2018 Jul 27.

STAT3 (22.0%)
Oncogenic actlvatlon of the STAT3 pathway drlves
PD_ 11 *311 Irm h B |

Multicenter Study > Cancer Cell. 2020 Mar 16;37(3):403-419.e6. doi: 10.1016/j.ccell.2020.02.005.

STAT3 (21.1%)
Genomic and Transcriptomic Characterization of

Natural Killer T Cell Lymphoma

Multicenter Study > Nat Genet. 2015 Sep;47(9):1061-6. doi: 10.1038/ng.3358. Epub 2015 Jul 20.

Exome sequencing identifies somatic mutations of STAT3 (10.5%)
DDX3X in natural killer/T-cell lymphoma

Gain of function mutations

N.D. A - [YB40F | - |D661Y | -
DHL1§ NKYS KHYG[l YT |NK92 (| SNK6 KAI3

P-STATS
(Tyr705) =5

i/ ||
sechisd STATS [ - <0 0
. ‘“I” ! a-Tubuiin [N - 50 KDa

Kuiglk, Can et al. Nature communications.2015

D171N
R278H
Q344H
H410R
D427H

B - 80 KDa

200 400 600 770 aa
@ Hotspot @ Functionally validated @ Novel O NKTL [JPTCU-NOS A ALCL




Targeting JAK3/STAT Signaling in R/R NKTL

10-22% STAT3 mut

IL2

P
1 B>
f glg |- we737 STAT3 inhibitor
P

Volume & « Issue 4 » June 2023

Preclinical characterization of f WB737,

1 potent and selective STAT3 inhibitor, in natural killer/T-cell lymphoma

Medcomm. 2023 (lead author)

NMPA approved for clinical trial



2. Deciphering Resistance Mechanisms of New
Treatment in NKTL




SUGGESTED TREATMENT REGIMENS?

RELAPSED/REFRACTORY THERAPY
= Clinical trial

Preferred regimensg-h
* Pembrolizumab
* Nivolumab

(alphabetical order)
* Single agents
» Brentuximab vedotin for CD30+ disease
» Pralatrexate
* Combination regimens (alphabetical order)
» Asparaginase-based combination chemotherapy regimen (ENKL-E 1 of 3)
not used in first-line therapy
» DHA (dexamethasone and cytarabine) + platinum (cisplatin or oxaliplatin)
» DHA (dexamethasone and cytarabine) + carboplatin (category 2B)
» ESHAP (etoposide, methylprednisolone, and cytarabine) + platinum
(cisplatin or oxaliplatin)
» GDP (gemcitabine, dexamethasone, and cisplatin)
» GemOx (gemcitabine and oxaliplatin)
» ICE (ifosfamide, carboplatin, and etoposide)

—

» Belinostat!
* Romidepsin'

NCCN guideline:
Second line treatment for R/R NKTL:
Chemotherapy/Epigenetic drug/ICB

A
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Second line chemotherapy in R/R NKTL
Ann Oncol 2017: 28(9): 2199-205.

20

Response to chidamide

(n=28)

CR (5) PR (6) SD (2) PD (15)

54%

Objective
Response

No Objective

Progression-free survival (%)
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HDAC inhibitor chidamide in R/R NKTL

Chen et al. Clinical Epigenetics (2023) 15:19




Immunotherapy represented by anti-PD-1 monoclonal antibody(PD-1 mAb) has shown unique efficacy in R/R

NKTCL:

3 T I () 1) B%  ORR(%) CRR (%) | PFS 0s

2020  Shi YKE8  Geptanolimab 22 40.9 NA NA NA

2020  KimSJ®l  Avelumab 21 38.0 24.0 2.7 A(H 1L PFS) NA

2021  Tao RI™ Sintilimab 28 75 21.4 4.1 F1(h4z DOR) | 78.6%(2 4F)
Huang .

2023 Lo Sugelimab 80 44.9 35.9 82.5%(1 4£ DOR) | 67.5%(1 4F)

2023  Bachy E™  Tislelizumab 22 31.8 18.2 2.7 A(h AL PFS) Wiz 8.8 A

2023  LeeJY*d  Pembrolizumab 59 40.7 28.8 21.5% (2 ) 28.5% (2 )

Patients

Challenges in ICB:

* Response to anti-PD-1/L1 varies in different trials;

* Intrinsic and acquired resistance

 Combined ICB therapy?

"Anti-PD-L1 mAb in r/r NKTCL(n=80

ORR: 44.9%, CRR 35.6%,
1yr OS 67.5%

Best overall response * First complete response

=== Complete response + First partial response

== Partial response ® First stable disease

= Stable disease ¥ First progressive disease

= Progressive disease > Ongoing

= Unknown A Death (excluding death after progression or initiation of subsequent therapy)
=== Not applicable Q@ Subsequent anticancer treatment

k= Sustained response after end of treatment because of toxicity or patient decision

T
14

T T T T T T T T T T T T T T
16 18 20 22 24 26 28 30 32 34 36 38 40 42
Time on Treatment (months)

J Clin Oncol 41:3032-3041.




Signal Transduction and Targeted Therapy

www.nature.com/sigtrans

®

ARTICLE OPEN

Sintilimab (anti-PD-1 antibody) plus chidamide (histone
deacetylase inhibitor) in relapsed or refractory extranodal
natural killer T-cell lymphoma (SCENT): a phase Ib/II study

Yan Gao'*?, Haixia He®, Xueping Li*, Liling Zhang®, Wei Xu(:f, Ru Feng”, Wenyu Li% Yin Xiao®, Xinxiu Liv®, Yu Chen®, Xiaoxiao Wang™?,
Bing Bai'?, Huijing Wu'®, Qingging Cai (3%, Zhiming Li ("%, Jibin Lilgl ' Suxia Lin"?, Yanxia He'?, Ligin Ping'~, Cheng Huang'?,
liaying Mao'?, Xiujin Chen'?, Baitian Zhao'' and Huigiang Huang'~

Sintilimab plus chidamide show encouraging CR

rate and DOR in PD-1 treatment naive RR-NKTCL.

However, there are still 50% patients were
refractory/recurrence.

Urgent need to explore new
combination therapy to overcome the
immunotherapy-R/R NKTL
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(A)
MSN B RNA helicase family
B Tumor suppressor
KMT2D
B JAK-STAT pathway molecule
STAT W Epigenetic modifier
MGA M Others
TP53
DDX3X

0% 10% 20% 30% 40%

Jiang,Nat Genet, 2015
China(n=105)

M RNA helicase family

B Tumor suppressor

B JAK-STAT pathway molecules
B Epigenetic modifier

I RAS-MAPK pathway molecule

0% 10% 20% 30% 40%

Xiong,Cancer Cell,2020
China(n=100)

(B)
STAT3
MGA
TPS3

mm Epigenetic modifier
M RNA helicase family

Bl Tumor suppressor

Molecular subtypes

W JAK-STAT pathway molecule TSIM ME HEA TSIM HEA
::::: Prevalence (%) P value
Bconh JAK-STAT Mut/Amp 58.9 353 14.8 I |I | | | I | <0.001
9p24.1/PD-L1/2 Amp 218 667 0 0.017
Dobashi,
; 0.126
Geneg;r;:lrvazs;:?::zg;ncel Eq21 Del 21.8 0 16.7 Il |
TP53 Mut 25.0 11.8 7.41 | I | | | | 0.113
MGA Mut 3.57 294 0 I 0.002
D
) 1p22.1/BRDTLOH 0 333 4.7 <0.001
B Epigenetic modifier
B RNA helicase family HDACO Mut 0 222 | | <0.001
B Tumor suppressor | | | |
B JAK-STAT pathway molecule EP3Z00 Mut 3.57 11.8 14.8 0172
ARIDTA Mut 0 11.8 14.8 0.006
NK-cell gene spectrum I {1].(1111
o ey A T—cell gene spectrum | | .:q]_um
Cai,Signal Transguct Z’amet Ther
carororn AN L 111 =

Epigenetic aberrations are critical as genetic abnormalities in NKTCL.

Hematological Oncology. 2023;41:221-229.

Xiong et al.,Cancer Cell (2020)
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in PDX models,

>

Training dataset

8

0.7% =

R S
0.2 p <0.001

HR = 5.007(3.550-7.060)

0 12 24 36 48 60 72 84 96
Overall survival (Months)

Survival probability
o
S

3

Number at risk

= Lowrisk 203 180 163 156 145 128 111 94 T1
= Highrisk180 106 71 55 47 34 26 19 10

B Validation dataset

1.00

£

3 075

8

a 050

2

<

p= 02 p <0.001
0.00 HR = 4.039(2.623-6.222)

0 12 24 36 48 60 72 84 96
QOverall survival (Months)
Number at risk

= lowrisk 105 90 75 69 59 46 30 18 14
- Highrisk106 66 36 25 24 18 8 3 2

Methylation of ctDNA is correlated with poor
prognosis in patients with NKTCL

Blood Cancer Discov 2022: 3(2): 154-609.

Cell Reports Medicine 4, 100859, February 21, 2023



Number of CD8* cells

per 1x10% cells (x104)

F

6- ex o ‘Ezﬁm :’Sp
. ¥ w2000
T - T
3
=
i
0

C D PDP 0 b5
anti-PD-1 >

’ ' ) >
‘ &t
" ®
DAC + anti-PD-1 i

.

Tumor growth CD8’ Progenitor Tex
suppression expansion

sv"

—DP+a-CD8
—-—DF‘H:—G[M

TSNEZ

— ———1
15 20 25
Days post noculation

: Memory
Exhaustion

Activation

Effector

#® Beells B cells
e DNT DNT
. o CDATcells CDA T cells
o % : ® CD8 cells CD8 T cells
' g ® NK cells MK cells
- : Ea ' # Dendritic cells Dendntic cells
¢ MDSCs MDSCs
® Macrophages 0 macrophages
& CD8* Progenitor Tex
@ Cancercells DNMTi increases CDS8T cell infiltration
.9 oter cels and Improves responsiveness to anti—PD-
@ Methylated CpG 1 therapy.
® Unmethylated CpG
- AP-1

J Clin Invest. 2023 Apr 3;133(7):e165673.



TABLE 2. Rates of Objective Response and Complete Remission / \
Cohort 1 (anti-PD-1 naive) Cohort 2 (anti~PD-1 resistant) A B Patients in CRIPR

1| Bw —
Camrelizumah itahine + G izumah itahine + Camrelizumab . = ' _ 100+
Variahle Monotherapy Comhbination Combination 7 jeE — £
- FEN B ) — a 754
All patients 3 |om x
18 |- ® E_
Patient Mo. 19 42 25 20 [ — o 50
El N | -
ORR (95% CI) 90 (67 to 99) 95 (95 to 99) 52 (31 to 72) x| E ® —ﬁ g
=] me — B P=0018
CR rate (95% CI) 32 (13 to 57) 71 (55 to 84) 28 (12 to 49) 12 . x E
/ u] Ee —+ £ 254
ey — o —— CR
T m ow »
2 | x S 0 PR
Cohort 2 Cohort 2 (anti-PD-1 resistant) 3 = 0 12 2 6 48
Combination Therapy o — = Months since CDP treatment
$ 100 | M cR 5 [ x Mo. at Rizk (censored)
= 74 | R g P S = CR 26(0) 22(2)  15(3) 2014}  0(1§)
;: = i B so 5 vl - PR 23(0)  19(3) 715) 0 (8) o (8)
T o
S = -"‘hl_ 5 = mo e =
- — 1 4
:1'-' = 504 LT ——— i 4 Mew lesion i: .- - : c — 1004 Overall patients
o = ! =] . x £
o ,5 2| ae * =
2n m
E‘ o] 15 ] : E -g 75
33
a: 7 - v CDP treatment .
ol = CDP treatment cessation g 50
T T T T T T R x ® FirstCR T
0 5 10 15 20 25 30 TEex L eR 5
. - - . - =] m x $ 254 mPFS: 29.4 m (35% CI, 20.7-38.0 m)
r:l Time Since First Dﬂﬁlﬂg {mnnths! =] - S — Ongoing response % 1-year PFS: 94% (95% CI, 88-100%)
i ] » Disease progressionrelapse 24 Loyear PES: B0 (4549 Cl, 45- 14%)
Mo. atrisk 19 13 10 4 2 i} j‘f: — o : ! a0 : . i |
icensoredl 4 4 & 11 13 15 13 ]oE 2 ©  Patient withdraw 0 12 24 36 48
10 e x .
Py 5 Months since CDP treatment
2] 1] . . . . . . i Mo. at risk (censored)
0 6 12 18 24 30 36 42 48 52(0) 46 (3) 25 (8) 5(20) 0 (24)

PD-1-R/R HL patients, DAC+PD1 achieves ORR DP therapy-R/R HL patients (Chidamide+DAC+PD1)
52%, (DP therapy) achieves ORR to 94%,

(J Clin Oncol. 2019 Jun 10;37(17):1479-1489. ) ( Blood. 2024 Oct 31;144(18):1936-1950.)




Q: Whether DNMT inhibitors could enhance the anti-tumor efficacy of
anti-PD-1 therapy in R/R NKTL and underlying mechanism?




Preliminary clinical data: 21 patients with R/R NKTL who had relapsed or were refractory to ICB-based therapy:

Sintilimab 200mg Q3W in combination with DNMT inhibitor decitabine (DAC) 10mg D1-5 or azacytidine (AZA)

100mg D1-5.
A Respones to Anti-PD-1+
DNMTIi(n=21)
0 476

§ 40—
5
= 20—
0

0

CR(10) PR(4) SD(1) PD(6)

Objective MNon-objective
Response Response

%)

PFS(

100 —

75—

50—

25—

Median PFS: 4.4 m
Z2-year PFS: 30.5%

I | I | | I
12 24 36
Post treatment(months)

48

C

0S(%]

100 —

73—

50—

23—

Median OS: 21.6 m
Z2-year 05 502%

0

T T T |
12 24 36 48
Post treatment{maonths)

The combination of anti-PD-1 mAb with DNMT inhibitors
resulted in favorable clinical responses and survival benefit.
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p<0.001 p<0.001
n 1 I I I L] I I I n I I L] I 1 I LJ I
0 12 24 36 48 0 12 24 36 48
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Persistent plasma EBV-DNA positivity was identified as an independent adverse prognostic factor.
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Clinical Limitations of DNMTi1+PD1 in NKTL

* Clinical response is unpredictable
« Biomarkers are highly needed for patient stratification

e Resistant mechanism remains unclear

Q: The underlying mechanisms responsible for DNMT inhibitors in
R/R NKTL?
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Established a novel anti-PD-1-resistant
xenograft model by administering three
rounds of anti-PD-1 mAb treatment in

EL4-tumor bearing mice:

The resistance to anti-PD-1 treatment
observed in patients is recapitulated in the
EL4-P3 mouse model.
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Anti-PD-1 treatment significantly increased the CD8+ T cells infiltrating in EL4 PO tumor but not in EL4 P3

tumor
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Tumor-infiltrating immune cells assess(FACS):

A higher proportion of CD8+ T cells expressed the activation markers in EL4 PO tumor with anti-PD-1
treatment.
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Significant downregulation of immune-related pathways in EL4 P3 tumors




An Anti-PD-1 Treatment—Resistant Preclinical Mouse Model Exhibits Immune-
Exclusion Features

Q: Whether combined with DMT inhibitors could restore the anti-
PD-1 sensitivity in EL4-P3 tumor?
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IHC analysis that showed a significant increase of tumor infiltration of CD8+ T cells in
combination treatment group.

In vitro studies to assess the impact of DNMT inhibitor treatment on T cell activation.
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DNMT inhibitors pretreated EL4/EG7-OVA cells showed increased expression level of MHC-I
complex and enhanced IL-2 promoter activity of B3Z cells.
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In vitro co-culture: DNMT inhibitors enhance OT-I cells activation and cytotoxicity.




DNMT Inhibitor Treatment Restores Sensitivity to Anti-PD-1 Therapy and
Enhances CD8+ T-Cell Cytotoxicity

Q: How DNMT inhibitor treatment contributes to the immune-
stimulatory phenotype in EG7-0OVA cells?
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The transcriptomic changes observed were highly similar between the AZA and DAC treatment
groups and 70% of the upregulated genes were enriched in immune signaling pathways
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The top five enriched pathways among the upregulated genes were showed:

Including the "Interferon Gamma Response” pathways, which were downregulated in anti-PD-1
treatment-resistant EL4 P3 tumors.
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DNMT Inhibitors Trigger Interferon Signaling to Enhance T-Cell Activation

Q: The underlying mechanisms by which DNMT inhibitor
treatment activates the interferon pathway?
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(Cancer Discov 2021;11:2707-25)

Q: Whether DNMT inhibitors can induce ERV expression and activate viral mimicry, thereby

triggering type | interferon responses?
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Fluorescence microscopy and flow cytometry analysis revealed a significant
increase in dsRNA formation following DNMT inhibitor treatment.
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Strand-specific RNA sequencing data showed that a cluster of

retrotransposons was upregulated by DNMT inhibitor and RT-gPCR
validation.
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DNMT Inhibitors Induce Viral Mimicry via Demethylation of ERV promotor.

Q: Whether the findings observed in mouse cells could be
recapitulated in human NKTL cell lines?
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“Interferon Gamma Response” and “Interferon Alpha Response” were
among the most significantly upregulated pathways
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RT-gPCR and Western blot analysis further confirmed that DNMT
iInhibitors induced ISGs expression and activation of the TBK1-STAT1
signaling axis in both NKYS cells and SNK1 cells, another human NKTL

cell line
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DNMT inhibitors resulted in a significant increase in dsRNA formation in both NKYS and SNK1 cells.
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A subset of ERVs was upregulated by AZA in NKYS cells and RT-gPCR
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Both sense and antisense transcription of these DNMT inhibitor-induced ERVs were concurrently
iIncreased and methylation-specific PCR revealed the presence of unmethylated bands exclusively in

DNMT inhibitor-treated cells.
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Cancer Discovery 2025 accepted

In mouse and human NKTL cell lines:
DNMT inhibitors induce DNA
demethylation in the promoter region of
ERVs, resulting in the accumulation of
dsRNA and triggering a viral mimicry
response which activates the type |
Interferon pathway, thereby potentiating
anti-tumor immunity.




XPO1 i1s highly expressed in NKTL

An NKTL cohort from SYSUCC (n=81)
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XPO1 may represent a potential therapeutic target for R/R NKTL patients



Summary of clinical implications of Selinexor in R/R NKTL

A Asingle-arm, phase Ib clinical trial (NCT04425070)
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In summary, 3 out of 10 NKTL patients are complete response to selinexor.
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Translating lymphoma genomics to new therapeutics
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Perspectives in Lymphoma translational research

1.0+
Median, 6.4 months Therapeutic progress in HL:
T 081 (95% Cl, 4.36 - 8.51) advanced stage disease
T
a
g_ 0.6 BEACOPPesc
= (1993-99)
2 ——
[ COPP+ABVD
3 0.4 + (1988-93)
S
o
5_ 02— AH-Ly.l;l?(Jl'h
No therapy
04 (1940)
T T T T T T
0 24 48 72 g6 120
Tima {months)

Through Collaboration We can Advance Science and Improve Treatment



Acknowledgements:

Tan Jing Lab Clinicians: Huang huiqiang & Gao yan
Peng Deng NCCS: Soon Thye Lim and Jason Chan
Jianfeng Chen

Yichen Sun

Shini Liu

Yali Wang

Cheng Huang
Zhaoliang Yu

Lizhen Liu

All the other lab members

Prof. Choon Kiat Ong(NCCS)
Jing Quan Lim
Dachuan Huang

Prof.Teh Bin Tean Lab(NCCS)
Yao Xiaosai

Guan Peiyong

Hong Jinhan

SYSUCC

Xia Xiaojun Lab
Zhou Penghui Lab Funding support:
Bei Jingxin Lab NSFC, MOST,
Chen Shuai Lab SYSUCC




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54

