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Nasopharyngeal Carcinoma (NPC) 
 Endemic in Southern China, SE Asia: poorly 

differentiated and undifferentiated non-keratinizing 
NPC (WHO type II and III). 

 Virtually all endemic NPCs are associated with 
Epstein-Barr virus (EBV) infection. 

 The EBV viral antigens expressed by the NPC tumour 
cells are surrogate tumor antigens 

 There is heavy lymphocytes infiltration 







Immunotherapy approach for NPC 
Targeting Epstein-Barr Virus (EBV) 

 T cell therapy 

 Vaccine 

Non-EBV specific 

 Immune checkpoint inhibitors 



Background 
 NPC is an attractive candidate for cellular immunotherapy 

targeted against tumour-associated viral antigen 
 EBV specific cytotoxic T-cell (CTLs) lines can be expanded in vitro.  

 Previous immunotherapy is mainly based on LCL mainly target 
EBNA 3-6 antigens, good for PTLD 

 Viral antigen expressed in NPC 
 Nuclear antigen EBNA1 

 The latent membrane proteins LMP2 & (in some cases)LMP1 

 AdE1-LMP poly vector based stimulation will preferentially expand 
T cells against EBNA1 and LMP 





Adoptive Immunotherapy for  
Epstein-Barr Virus-associated NPC 

 

A joint collaboration of  

The University of Hong Kong 

& 

The Queensland Institute of Medical Research 

 



Study Endpoints 
 Primary endpoints: 

 To determine the tolerability & safety of administering 
autologous LMP/EBNA-1 specific CTL 
 

 Secondary endpoints: 
 To monitor clinical and radiological response 
 To monitor patients’ blood samples with regard to any effect 

of LMP/EBNA1 CTL therapy on different parameters of EBV 
immunity, esp. EBV DNA levels 
 



+ EBV 
stimulation 
(EBV epitopes from 

LMP1&2 and 

EBNA1 encoded in 

Adenovirus) 

 

Concept of EBV adoptive immunotherapy 

Expand 
CTL  
in vitro 

Adoptive 
transfer 
to  
patient 

Patient  
PBMC 



Epitope Sequence Antigen HLA Restriction 

PYLFWLAA LMP2A A23, A24, A30 

SSCSSCPLSKI LMP2A A11 

TYGPVFMCL LMP2A A24 

RRRWRRLTV LMP2A B27 

LLSAWILTA LMP2A A2.03 

LTAGFLIFL LMP2A A2.06 

CLGGLLTMV LMP2A A2.01 

VMSNTLLSAW LMP2A A25 

IEDPPFNSL LMP2A B40 

YLLEMLWRL LMP1 A2.01, A68, A69 

YLQQNWWTL LMP1 A2.01 

ALLVLYSFA LMP1 A2 

IALYLQQNW LMP1 B57, B58 

FLYALALLL LMP2A A2.01 

WTLVLLI LMP2A B63 

CPLSKILL LMP2A B8 

E1-LMPpoly 

EBNA1GA LMP-polyepitope 

pAd5F35 
(AdE1-LMPpoly) 

Multi-epitope Technology:E1-LMPpolyTM 

AdenochimeraTM 



Methodology 

Tumour biopsy confirmed EBV-encoded 
RNA (EBER) positive or WHO III histology 

Where staining unavailable 

MHC Class I HLA type appropriate for the study 

Transport fresh peripheral blood samples from HK to QIMR Brisbane 

Recurrent or metastatic NPC 
(Active disease) 

No/minimal residual disease 
(in remission)  



NPC Adoptive Immunotherapy Therapy: Production Process 

AdE1-LMPpoly

Cultured together in 

GMP facility

+

Activated EBV-

specific CTLs shipped 

back to Hong 

Kong/PAH

Week 6, 8, 10, 12, 14 and 

16 Inject T cells back 

into the NPC patient

Blood 

lymphocytes

Week 1

(Ship blood to 

QIMR)

Week 1-5

Week 5: review 

results, baseline 

MRI/PET, viral DNA 

load and confirm AT



Treatment Timeline 
 Week 6 onwards (Adoptive Immunotherapy) 

 Adoptive immunotherapy up to 8 transfers (Wk 6, 8, 10, 
12, 14, 16), every 2-weekly 

 Monitoring of bloods (CBP, L/RFT), EBV DNA load 

 Radiological assessment with imaging at 1,2,3,4,6 
months after T cell infusion and then every 3 months 

 

 

 







Outcomes 
 One patient with local recurrence died after 1st infusion due to severe epistaxis, 

probably due to disease progression. Excluded from efficacy analysis but 
included in safety analysis. 29 patients received at last 2 doses of CTL 

 
ARMD (20 patients) 
 12 patients (60%) achieved SD, no PR or CR 
 median PFS: 3.2m, OS: 15.7m 
N/MRD (9 patients) 
 6 remains in continuous remission, median PFS and OS not reached 
 
AE: mostly grade 1/2. 2 patients died of lung abscess during treatment, probably 

due to disease progression.  





4 wks after immunotherapy, 
tumor appears to be static with 

no significant regression 

12 wks after immunotherapy and 1 
cycle of chemotherapy, dramatic 

shrinkage of tumor was noted 

1 wk before immunotherapy, this 
patient suffered from advanced 

recurrence with tumor spreading to 
neck and chest, part of the tumor 

was fungating through the anterior 
surface of the lower neck 

Post EBV-specific T cell therapy and clinical outcome 

11Chle 



Quantitative difference in EBV-specific T cells 

and clinical outcome 



Conclusions 
 The adoptive transfer of autologous LMP/EBNA1-

specific CTL is generally well tolerated with mild G1 
side effects. 

 The SAE that occurred was probably related to clinical 
progressive disease. 



Conclusions 
 As part of the secondary objectives, clinical follow-up 

analyses of the patients showed that adoptive transfer 
of LMP/EBNA1-specific T cells was coincident with 
disease stabilization. 

 

 There seems to be no correlation between the number 
of CTL infused and the disease response or TTP 

 







  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Drug Dosage/Route Duration Remarks 

*Cisplatin 50 mg/m2, IV Every 4 weeks, Day 1 and 8; up to 6 cycles * Switch to Carboplatin (AUC = 

5) in case of inadequate renal 

function Gemcitabine 1000 mg/m2, IV Every 4 weeks, Day 1, 8 and 15; up to 6 cycles 

Metastatic NPC Patient (n = 30) 

recruited (EBER-positive Tumor 

biopsy/WHO type II or III 

histology) 

No previous treatment 
Palliative 

chemotherapy  

Generate and Expand 

LMP/EBNA1-specific 

T-cells at QIMR 

Adoptive T-cell 

immunotherapy 

Post-infusion 

follow-ups 

Venesection and 

Peripheral Blood 

Collection (up to 

460 mL) at QMH  

T-cell Post-

expansion QC 

Palliative Chemotherapy Regimen (Not a part of trial): 

Phase II open-label clinical trial of autologous Epstein-Barr virus-specific T cell therapy 

as consolidative treatment following chemotherapy for metastatic EBV-associated 

nasopharyngeal carcinoma (NPC) 



Targeting the PD-1 Pathway Involved in Tumor 
Immunosuppression 

• PD-1 receptors are normally expressed on various immune 

cells, including inactivated T cells1 

• Activated (primed) T cells upregulate PD-L11 

• Tumor cells can express the PD-1 ligands, PD-L1 and PD-L21 

• PD-L1 and PD-L2 bind to the PD-1 receptors to inhibit  

the activated T cells and allow tumor cells to evade the  

immune response1 

• Studies have demonstrated significant correlations between 

impaired survival and tumor expression of PD-L1 and PD-L22 

• Anti–PD-1 antibodies block PD-L1 and PD-L2 from binding to 

PD-1 in the tumor microenvironment3 

Image adapted from Pardoll DM. Nat Rev Cancer. 2012;12(4):252–264. 

PD-1 = programmed death receptor-1; PD-L1 = programmed death ligand 1; PD-L2 = programmed death ligand 2; MHC = major histocompatibility complex; TCR = T-cell receptor.  

1. Pardoll DM. Nat Rev Cancer. 2012;12(4):252–264. 2. Khan H et al. J Oncol. 2015;2015:847383. 3. McDermott DF, Atkins MB. Cancer Med. 2013;2(5):662–673.  

PD-1 

Effector phase 

Inactivated T cell Tumor cell 

 Anti–PD-1 

PD-L2 

PD-L1 

Activated T cell Tumor cell 



Keynote-028: Phase 1b Multicohort Study of Pembrolizumab 
for PD-L1+ Advanced Solid Tumors 

 

Hsu C et al. J Clin Oncol. 2017;35:4050–4056. Pembrolizumab is not approved for NPC in HK 



Keynote-028: Phase 1b Multicohort Study of Pembrolizumab 
for PD-L1+ Advanced Solid Tumors 

aIf clinically stable, patients are to remain on pembrolizumab until progressive disease is confirmed on a second scan performed ≥4 weeks later. 

Patients who experience progression may be eligible for up to 1 year of additional pembrolizumab if no other anticancer therapy is received. 

Hsu C et al. J Clin Oncol. 2017;35:4050–4056.  

• *Response assessment:  

Every 8 weeks for the first 

6 months; every 12 weeks 

thereafter 

•  Primary end point:  

ORR per RECIST v1.1 

•  Secondary end points:  

PFS, OS, duration of 

response, and safety 

Pembrolizumab  

10 mg/kg IV 

Q2W 

Complete 

or partial 

response 

or stable 

disease 

Treat for 24 

months or 

until 

progressiona 

or intolerable 

toxicity 

Confirmed 

progressive 

diseasea or 

unacceptable 

toxicity 

Discontinue 

pembrolizumab 

Response 

Assessment* 

Patients:  

• Advanced NPC 

• Failure of prior 

therapy 

• ECOG PS 0 or 

1 

• PD-L1 positivity 

Pembrolizumab is not approved for NPC in HK 



Keynote-028: Analysis of PD-L1 Expression 

Hsu C et al. Presented at ECCO ESMO 2015..  

• Tumor samples: archival or newly obtained core or excisional biopsy of non-

irradiated lesion 

• Immunohistochemistry: assessed at a central laboratory using a prototype assay 

(QualTek) and 22C3 antibody clone (Merck) 

• Positivity: membranous PD-L1 expression in ≥1% of cells in tumor and stroma 

• 41 of 44 (93.2%) patients with nasopharyngeal carcinoma who provided tissue 

had PD-L1–positive tumors 

PD-L1 

Negative 

PD-L1 

Positive 



Keynote-028: Baseline Characteristics 

†Both patients had previously received adjuvant and/or neoadjuvant chemotherapy 

Hsu C et al. J Clin Oncol. 2017;35:4050–4056. 



Keynote-028: Antitumor Activity 

 

Hsu C et al. J Clin Oncol. 2017;35:4050–4056. 

Confirmed Antitumor Activity 

Full analysis set per investigator and central 

review, RECIST v1.1 



Keynote-028: Change from Baseline in Tumor Size 

 

Hsu C et al. J Clin Oncol. 2017;35:4050–4056. 

67% 

experienced a 

decrease in 

target lesions 

N = 27 



Keynote-028: Treatment-related Adverse Events 

 

Hsu C et al. J Clin Oncol. 2017;35:4050–4056. 

 One treatment-related death due to bacterial sepsis  

 Five discontinuations due to treatment-related AEs: proteinuria (1), pneumonitis (1), hepatitis (1) and increased blood creatinine phosphokinase (2)  

 



Keynote-028: Progression-free Survival and Overall Survival 

 

Hsu C et al. J Clin Oncol. 2017;35:4050–4056. 

 Median (95% CI) PFS: 

 6.5 (3.6−13.4) months 

 PFS rate at 6 months:  50.0% 

 PFS rate at 12 months: 33.4% 

 Median (95% CI) OS: 

 16.5 (3.6−13.4) months 

 OS rate at 6 months:  85.2% 

 OS rate at 12 months: 63.0% 



 
 

Ongoing Phase 3 Trial – Keynote-122 



Keynote-122 (NCT02611960): Trial Design 

AEs = adverse events; BID = twice daily; ECOG PS = Eastern Cooperative Oncology Group performance status; IV, intravenously; NPC = 

nasopharyngeal cancer ; PD-L1 = programmed death ligand 1;  

Q3W = every 3 weeks; RECIST v1.1= Response Evaluation Criteria in Solid Tumors version 1.1. 

ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT02611960. Accessed August 17, 2018.   

Phase 3, randomized, open-label study of pembrolizumab vs standard chemotherapy in 

patients with platinum pretreated recurrent/metastatic nasopharyngeal cancer  

Pembrolizumab 

200 mg Day 1  

Q3W x 35 cycles 

Capecitabine 1,250 mg/m2 BID 

on Days 1–14, Q3W x 35 cycles 

or 

Gemcitabine 1,000 mg/m2 IV on  

Days 1 and 8, Q3W x 35 cycles 

or 

Docetaxel 75 mg/m2 IV  

on Day 1, Q3W x 35 cycles 

  

R 
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1:1 

n=230 

 

Patients:  

• Histologically confirmed 

non-keratinizing 

differentiated NPC or 

undifferentiated NPC 

• Metastatic disease or 

incurable locally recurrent 

disease 

• Treatment with prior 

platinum therapy 

• Tumor tissue available for   

PD-L1 testing 

• Measurable disease based 

on RECIST v1.1 

• ECOG PS of 0 or 1 

• Adequate organ function 

• Life expectancy of >3 

months 

• Primary end points: 

PFS per RECIST 

v1.1, OS 

 

• Secondary end 

points: ORR 

(RECIST v1.1), AEs, 

discontinuations due 

to AEs 

Pembrolizumab is not approved for NPC in HK 



NCI-9742: Multicentre study of Nivolumab in recurrent 
and Metastatic NPC 



NCI-9742: Multicentre study of Nivolumab in recurrent and 
Metastatic NPC 

BB Ma et al. JCO 36: 1412-1418; 2018 

• *Response assessment:  

Every 8 weeks for the first 

6 months; every 12 weeks 

thereafter 

• EBV DNA 

•  Primary end point:  

ORR per RECIST v1.1 

•  Secondary end points:  

PFS, OS, duration of 

response, and safety 

Nivolumab  

3 mg/kg IV 

Q2W 

Complete 

or partial 

response 

or stable 

disease 

Treatment 

until disease 

progression 

Confirmed 

progressive 

disease or 

unacceptable 

toxicity 

Discontinue 

nivolumab 

Response 

Assessment* 

Patients:  

• Advanced 

NPC 

• Failed at least 

1 line of 

platinum 

based  therapy 

• ECOG PS 0/1 



NCI-9742: Multicentre study of Nivolumab in recurrent 
and Metastatic NPC 

BB Ma et al. JCO 36: 1412-1418; 2018 

 



NCI-9742: Multicentre study of Nivolumab in recurrent 
and Metastatic NPC 

44 patients evaluable, ORR: 20.5% (CR 1, PR 8). 1y OS: 59%, 1yr PFS: 19.3% 
PD-L1 positive (>1% expression): higher RR 
Loss of HLA class 1 protein expression associated with better PFS 
Rate of EBV DNA clearance did not predict for response 

BB Ma et al. JCO 36: 1412-1418; 2018 

 



Future direction for IO treatment 
 Combination treatment 

Chemotherapy +IO 

Radiotherapy + IO 

T cell therapy +IO 

Combination of IO 

Combination of target +IO 

 

 Biomarker research 

 


