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Immuno-oncology Drug Development in 
2019

Yia Xin Yu, Nature Reviews  Drug Discovery, December 2019

Increase from 2017 to 2019 : 300% in Cell therapy



Zhang 2019



CAR-T challenges

Shah, 2019



T Cell Extrinsic and Intrinsic Factors Limit Exposure at the Site of
Action and the Ability to Sustain Pharmacological Activity

T cell intrinsic factors might be best addressed by optimizing CAR design, ‘armor’, and the cell manufacturing process

T cell extrinsic factors might be best addressed by combination therapies, or CAR-T cells secreting immuno-modulators



T cell intrinsic



June, et al Science  2018



Distinct CAR immunokinetics Driven by 
costimulatory domains

Cappell, K. M., & Kochenderfer, J. N. (2021). Nature Reviews Clinical Oncology.



redundancy of CD28 and CD3ζ signaling in a chimeric antigen 
receptor (CAR) design incorporating all three CD3ζ immunoreceptor 
tyrosine-based activation motifs (ITAMs) fosters counterproductive T 
cell differentiation and exhaustion

Feucht 2018



Feucht 2018



Diminishes 
exhaustion and 
enhances 
potency

Feucht 2018



Calibration of CAR potential through CD3z

1XX induced strong effector functions without shutting off 
memory programs

Further reducing T cell activation potential through XX3 
resulted in highly persisting T cells but mediocre antitumor 
activity owing to insufficient elicitation of effector functions.

Modified ITAM configuration in 1XX favors
persistence of highly functional CARs, balancing the replicative
capacity of long-lived memory cells and the acquisition of 
effective antitumor function. 

Preparations for clinical studies that utilize the 1XX CAR design 
are underway

Feucht 2018



‘Signal 1’ is Regulated By More Than Simply the 
ITAMs

• Basic Residue rich Sequences (BRS) of CD3 affect association with the inner leaflet of the plasma membrane 
and regulating accessibility and Lck binding



CD3ε improves
persistance

• Incorporation of the CD3ε cytoplasmic 
domain into a second-generation 
chimeric antigen receptor (CAR) 
improved antitumor activity of CAR-T 
cells. 

• Mechanistically, the Csk-recruiting ITAM 
of CD3ε reduced CAR-T cytokine 
production whereas the basic residue 
rich sequence (BRS) of CD3ε promoted
CAR-T persistence via p85 recruitment

Wu et al., 2020, Cell 182, 855–871



Overcoming T cell exhaustion

• Exhaustion is associated with a profound defect in IL-2 production 
alongside increased chromatin accessibility of AP-1 (bZIP) 
transcription factor motifs.

Lynn et al 
Nature 
2019

IL-2 production 

Surface markers



Overcoming T cell exhaustion

• Engineering CAR T cells to overexpress c-Jun, a canonical AP-1 factor, 
enhanced expansion potential, increased functional capacity, 
diminished terminal differentiation and improved antitumor potency 
in numerous in vivo tumor models.

Lynn et al. Nature, 2019



Third Generation CARs

June, et al Science  2018





T cell redirected for
universal cytokine killing (TRUCK)

Smith 2016



Universal cells

Moreno V. et al. 2021. 



T cell extrinsic



Antigen modulation as resistance

Shah 2019



Targeting multiple antigens



Simultaneous Targeting of Two Antigens 
with CAR-T

Rafiq et al. Nat Rev Clin Onc 2020. 



Conditional CAR expression

K. T. Roybal et al., Cell 164, 770–779 (2016).

conditional CAR expression specific to a second antigen in the presence of the first antigen



Mechanisms of Rescue of CAR T cell Exhaustion with 
Checkpoint Blockade

• In response to IFN-g, tumor cells 
upregulate programmed death-ligand 1 
(PD-L1), which interacts with 
programmed cell death protein 1 (PD-1) 
on the surface of exhausted CAR T cells.

• CPB can lead to reactivation of the CAR 
T cell activity.

Grosser R, et al. Cancer Cell 36, November 11, 2019



Strategies to Combine CAR T Cells and Checkpoint 
Blockade

Grosser R, et al. Cancer Cell 36, November 11, 2019

IV. Switch Receptor: PD1-CD28
Liu et al. Cancer Res March 15 201



Clinical trials with combinations of CAR T and 
checkpoint blockade

Grosser R, et al. Cancer Cell 36, November 11, 2019



Ongoing 
clinical trials 

with CART for 
solid tumors

Moreno V. et al. 2021. 



Oncolytic Adenoviruses

Psioxus 2018



Improving CART with Oncolytic Virus

Porter C. et al. Mol Ther. 2020



Increasing tumor homing and penetration

Rafiq et al. Nat Rev Clin Onc 2020. 



Conclusion

• Optimizing CAR design is critical to improve CAR T cell intrinsic and 
extrinsic factors: 
• CAR T potency and persistance

• ITAMS

• Basic Residue Rich Sequences 

• Third and Fourth generation CARTs.

• Exhaustion: 
• Design: c-Jun, Switch molecules

• Combinatorial treatments 
• Antibodies: PD1, LAG3, TIM3

• Oncolytic virus
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