
Senior Consultant, Department of Haematology-Oncology, National University Hospital, Singapore
Principal Investigator, Cancer Science Institute, National University of Singapore

Anand D Jeyasekharan MBBS MRCP (UK) PhD FAMS (Medical Oncology)

Patient-specific drug combinations in relapsed/ refractory 
lymphoma



DISCLOSURES OF COMMERCIAL SUPPORT
Name of 

Company
Research 
support/ 

collaboration

Employee Consultant Stockholder Speaker’s 
Bureau

Advisory 
Board

Other

Astrazeneca X X X

Janssen X X

MSD X

Roche X X

Gilead/ Kite X

Beigene X

Turbine Ltd X

Antengene X

PerkinElmer X

The methods and approaches discussed in this presentation are not licensed for routine clinical use
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Personalized medicine in lymphoma

EXALT-2 trial, NCT04470947
SMARTrial; NCT03488641

Ex-vivo analytics for personalized 
treatment; the functional 

precision medicine approach
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Personalization of Combinations?

Lopez, J. S. & Banerji, U. (2016) Combine and conquer: 
challenges for targeted therapy combinations in early phase trials

Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2016.96

76= 117,649 combinations

6 drugs at 7 concentrations
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Quadratic Phenotypic Optimization Platform (QPOP)

M. Rashid et al (Edward Chow lab); Science Translational Medicine 2018

• 12 Drug Search Set

• Uses 1 Million Cancer Cells

• Results in Less than 1 Week

• Ranks Therapeutic Combinations

• Identify Patient-Specific Drug 

Combinations

Myeloma mouse models

Defined inputs (Drugs) 

Quantifiable Output 
(Viability, Tumor Volume, 

Response Biomarker) 

Output (Viability) = 
C1 + C2x + C3y + C4xy + C5x2 + C6y2 ,

where C1 , C2 , C3 , C4 , C5 and C6 are patient 
specific coefficients while x and y are the two 

interacting drugs. 

(Al-Shyoukh et al. BMC Systems Biology 2011)

Bayesian modelling 
(parabolic response surfaces)

Rank interactions for 
specific combinations
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Case Study: 55yM with Hepatosplenic Gamma-Delta T-Cell Lymphoma

Previously treated with:
SMILE (Steroid-MTX-Ifosfamide-Asparaginase-Etoposide)
GDP (Gemcitabine-Dexa-Cisplatin) 
Methotrexate and Cytarabine
GVD (Gemcitabine, vinorelbine, liposomal doxorubicin)
Pralatrexate
HyperCVAD
Pembrolizumab

Panobinostat Bortezomib

O
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t 
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lit
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Patients recruited 
(n=81)

• T/NK-NHL (n=37)
• B-NHL (n=44)

Performed QPOP 
(n=77)

• T/NK-NHL (n=34)
• B-NHL (n=43)

Generated QPOP data 
(n=70)

• T/NK-NHL (n=29)
• B-NHL (n=41)

Excluded (n=7) 
Did not pass QC (n=2)
Non-NHL (n=5)

Excluded (n=4) 
Cells were not viable



• 12 drugs per patient

• All with established clinical safety/ dosing

• Preclinical/ clinical activity in lymphoma as 

single agents

• 2 dose levels, kept << Cmax
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Experience summary
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Copanlisib-based doublets 
in B-cell lymphomas
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in T-cell lymphomas
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Subset of patients received QPOP directed off-label therapy
(Physician/ patient choice, affordability)

CR
• Bortezomib-Romidepsin
• Bortezomib-Venetoclax
• Copanlisib-Romidepsin
• Everolimus-Palbociclib
• Venetoclax-Cyclophosphamide

PR:
• Vinrorelbine-Dasatinib
• Ifosfamide-Everolimus
• Romidepsin-Ifosfamide

48% response rate in highly refractory lymphomas

6 G3/G4 toxicities
1 G5 toxicity (neutropenic sepsis; vinorelbine+dasatinib)

QPOP-guided
treatments

CR
PR
SD
PD

n = 16

5

32

6
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“Controls” for personalized medicine studies
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Example responder (B-cell subset)

Diagnosis Q
P
O
P

Treatment 
received

QPOP 
prediction

Treatment 
outcome

Treatment 
received

QPOP 
prediction

Treatment 
outcome

DLBCL R-GDP No response PD Everolimus + 
Palbociclib Response CR

Cell 
death

Cell 
survival

Ex
 v

iv
o 

ce
ll 

vi
ab

ilit
y 

sc
or

e

Increasing cell death

Pre-QPOP Post-QPOP

• 74yF with relapsed/ refractory DLBCL (transformed MZL)

• Treated with BR, R-CHOP, ineligible for transplant, no suitable clinical trials/ CAR-T

Combination of Everolimus + 
Palbociclib studied in breast 
cancer

RP2D 
PALBO 100 mg/day (21 of 28 days) 
+ EVE 5mg/day

NCT02871791, Barroso-Sousa et al
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B-NHL NK/T-NHL

n = 43 n = 49

Copanlisib-based combination still most frequent in B-NHL
Romidepsin-based combination still most frequent in NK/T-NHL
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Concordance between distinct time points
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Unpaired student’s t-test

63.3% patients PFSQPOP/PFSprev > 1

Improved PFS ratios in QPOP guided patients

NOTE: Patients who received AlloSCT or
Bispecifics/BiTEs were removed from the 

survival analysis





Considerations

• Limitations
– Is the response related to 

single agent activity?
– Heterogeneity in samples
– Need for “normal” controls
– Cell-extrinsic factors 

influencing outcome
– Scalability

• Use in other cancers
– Ongoing studies in Breast, 

Gastrointestinal Cancers at 
NCIS



Commercialisation of QPOP Platform
KYAN Technologies  C l in ica l  Lab
T e m a s e k  L i f e s c i e n c e s  L a b o r a t o r y

1  R e s e a r c h  L i n k ,  S i n g a p o r e
MOH Clinical Licence Approval to offer LDT on May 26, 

2023 (KYAN Technologies/Optim.AI)

First MOH approved ex vivo drug sensitivity LDT for oncology

103 samples run to date 

98% LDT report generation success rate



Clinical trial considerations

• Possible strategy:

QPOP guided novel 
combination

(75% dose doublet 
therapy)

Previously Evaluated 
Combination
(100% dose)

Phase 2 Simon 2-stage Clinical 
Trial Design

Patients with 
Refractory 
Lymphoma

N~40

Primary outcome = Response rate
Safety outcome = tolerability of novel combinations

Secondary outcomes = Survival (PFS/OS)

Engagements with Pharma, STCC, MOH/HSA to continue to bring individualized treatment to patients

• What drugs, and who will 
fund?

• Focus on single company 
assets?

• Truly individualized vs choose 
from top 5 combinations?

• Primary end-point?
• Intra-patient comparisons?



AFTER

Novel doublet for PTCL, but not fundable

75yM with PTCL-NOS
• Relapsed after CHOPx6 (transplant ineligible), CD30 

negative
• QPOP done at patient request
• Treated with Venetoclax-Ifosfamide based on QPOP  (no 

data in PTCL, but part of VIPOR regimen)
• Remains in CR BEFORE
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• Ex-vivo drug combination testing through QPOP is feasible in a clinically 
actionable time frame with typical incision biopsies

• Not just IC50 dependent (for all drugs)

• Potential to uncover clinically usable combinations, requires phase 1 like 
monitoring

• Funding clinical trials is challenging in this space; T-cell lymphoma remains the 
key unmet need

• Potential for incorporation of ADCC and monoclonal antibodies

Conclusions
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Output (Viability) = 
C1 + C2x + C3y + C4xy + C5x2 + C6y2 ,

where C1 , C2 , C3 , C4 , C5 and C6 are 
patient specific coefficients while x and 

y are the two interacting drugs. 

Phenotypic Assays in Lymphoma (Spatial and Ex-vivo)
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Esther Chan
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Other Clinical Collaborators:
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(NCCS)
Tiffany Tang (NCCS)
Nick Grigoropoulos (SGH)
Ong Shin Yeu (SGH)
Eugene Fan (TTSH)

Laboratory Collaborators
CSI lab team:
Jasmine Goh (Ed Chow lab)
Lee Rui Xue (EC/ ADJ)
Masturah Rashid (KYAN 
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Michal Hoppe (ADJ lab)
Patrick Jaynes (ADJ lab)
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Ed Chow Lymphoma patients and their families 
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