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Goals

▪ Review status of immune cell therapy for treatment of cancer: currently 

approved indications and those in development

▪ ALL in older adults

▪ Brain cancer including GBM, her 2+ breast cancer, CNS lymphoma

▪ prostate cancer 

▪ ovarian cancer 

▪ TIL therapy for pancreatic cancer, melanoma, renal cell

▪ Head and neck cancer: oncolytic virus to modify antigen expression



Immune effector cell therapy for treatment of hematologic cancers and 

solid tumors at City of Hope

▪ Develop immune cell therapies across the spectrum of adult oncologic 

diseases: adults and children 

▪ CAR T cells: target antigen that is “unique” to tumor

▪ TILs: enriched for tumor peptide antigen recognition, melanoma, 

 pancreatic cancer 

▪ NK cells: cord blood derived, lung cancer

▪ TCR peptide T cell therapy: pancreatic cancer, head and neck

▪ CAR Macrophages: modifier of tumor microenvironment 



Cellular Therapy for Hematologic Malignancy Developed by City of Hope 

Laboratory and Translational Scientists

▪ Lymphoma: Tanya Siddiqi, Elizabeth Budde, Larry Kwak, John Baird, 

 Alex Herrera, Xiuli Wang

▪ ALL: Xiuli Wang, Ibrahim Aldoss, Lior Goldberg, Larry Kwak

▪ AML/MDS/ MPD: Elizabeth Budde, Guido Marcucci, Karamjeet Sandhu, 

 Idoroenyi Amanam 

▪ Multiple Myeloma:  Myo Htut, Amrita Krishnan, Scott Goldsmith

▪ Hodgkin disease: Mathew Mei



Cellular therapy for solid tumors developed by 

City of Hope laboratory and translational scientists

▪ Glioblastoma:  Christine Brown, Behnam Badie, Jana Portnow, Leo Wang, Lisa 

Feldman

▪ Prostate cancer:  Saul Priceman, Tanya Dorf

▪ Ovarian cancer: Saul Priceman, Lorna Rodriguez

▪ Melanoma: Christine Brown, Toni Ribas ( UCLA)

▪ Lung cancer: Miguel Villalona-Calero, Michael Caligiuri, Jianhua Yu

▪ Breast Cancer (HER2+): Saul Priceman, Jana Portnow

▪ Melanoma, renal, head and neck: Sunil Sharma

▪ Pancreatic cancer: Sunil Sharma, Vincent Chung, Gagandeep Singh, Saul Priceman



Pharma Cellular Therapy Trials, phase I, 

first in human for solid tumors

▪ GI/colon cancer: Marwan Fakih

▪ Liver cancer: Daneng Li

▪ Breast Cancer: Joanne Mortimer

▪ Renal Cell: Sumanta Pal 

▪ Head and Neck: Victoria Villaflor, Ellie Maghami 

▪ Lung: Erminia Massarelli, Miguel Villalona-Calero

▪ GI (stomach): Afsaneh Barzi

▪ Sarcoma: Mark Agulnik



Engineering Anti-Cancer Immunity with 

Chimeric Antigen Receptors (CARs)

Chimeric Antigen Receptor (CAR)
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Intracellular Signaling Domain
– CD3ζ directed cytolytic killing 

– Costimulation improves CAR T cell signaling 

– Proliferation, survival, recursive killing

– Costimulatory domain: CD28, 4-1BB, OX40, 

CD27, ICOS

Extracellular Spacer Domain
– Non-signaling

– Determines proximity to target cell, flexibility, and 

dimerization potential

– Common spacers: IgG-Fc, CD8h, CD28h

Tumor Targeting Domain
– scFv or ligand

– MHC-independent target recognition

– Epitope binding, affinity, and specificity





Adapted from Wagner et al. Mol Therapy 2020



Approved Cell Therapies for Treatment of Cancer

▪ Relapsed diffuse large B cell lymphoma (CD19) 

▪ Relapsed mantle cell lymphoma (CD 19) 

▪ Relapsed ALL in children and young adults (CD19) 

▪ Relapsed  multiple myeloma (BCMA, GPRC5D)

▪ TIL therapy for melanoma (2024) 



C19 CAR T Cell Therapy for B Cell Lymphoma

▪ Relapsed large B cell lymphoma

▪ 40% DFS  

▪ Patients usually achieve DFS after 6 months of 

remission

▪ Relapse often with loss of CD19 target antigen

▪ Now being used earlier in the course of disease

▪ CAR T cell versus autologous stem cell transplant



CD19 CAR T Cell Therapy for Pre-B Cell ALL 

▪ High response rate

▪ Can treat disease in CNS

▪ Best results in children

▪ Correlates with CAR T cell persistence, absent B 

cell reconstitution 

▪ Relapse associated with loss of CD19



What is the Role for CAR-T Cells in 

Hematopoietic Cell Transplantation for ALL?



Older adults with ALL have poor prognosis with frontline 

conventional chemo

Aldoss et al. J Oncol Pract. 2019;15:67-75. 



RIC alloHCT has outcomes in older pts with ALL

COH

Mei M et al. BBMT. 2020; Rosko A et al. Am J Hematol. 2017; Roth-Guepin G 

et al. Oncotarget. 2017 



CD19CAR T cell therapy activity in r/r ALL

Aldoss et al. Blood. In press. Davila ML et al. Sci Transl Med. 2014;6:224e225. Lee DW et al. Lancet. 2015;385:517-28. 

Maude SL et al. N Engl J Med. 2014;371:1507-17. Turtle CJ et al. J Clin Invest 2016;126:2123-8. 



City of Hope CAR T Cell Trial for Relapsed ALL

•40 of 46 patients (87%) achieved CR/CRi
•1 (2%) patient progressed

•5 (11%) patients were unevaluable for response 

•(infection n=2; cerebral edema n=1; T cells below allowable dose n=1; CD19- EMD 

progression post LD, n=1). 

•When analysis was restricted to response-evaluable pts
•CR/CRi rate = 98%

•MRD- CR/CRi among evaluable responders= 95%

• 21 (53%) responders underwent consolidation with alloHCT in CR

•  including 7 as 2nd alloHCT

• Among evaluable pts for response 
• Older pts (≥50 yrs); CR/CRi= 100% 

• Ph-like (n= 17); CR/CRi= 94%

• EMD at LD (n=14); CR/CRi= 93%



Study Proposal 

• We propose to test the application of our CD19 specific CAR T cells  

as a curative consolidation therapy in older adults with B-cell ALL 

who are at increased risk of relapse and treatment-related mortality 

with chemo &  transplant



Rationale

• Single infusion of CD19-CAR T cell is likely safer than repeated cycles of 
chemo and alloHCT consolidation in older pts

• CAR will be administered in low disease burden (MRD+/MRD-); 

• less CRS & ICANS

Park J et al. N Engl J Med. 2018; Turtle CJ et al. J Clin Invest. 2016; Gardner RA et al. 2017; Maude SL et al. N Engl J Med.  2014; 

Lee DW et al. Lancet. 2015



• Could be more effective in producing cure

• Low disease burden at LD correlates with longer RFS post CAR in ALL 

• Early utilization of healthier T cells

• Less T cells exhaustion

• Possibly CAR T cells are more capable in CNS/EMD prevention/control

• CAR T cells trafficking & anti-leukemic activity in the CNS & EMD sites

Park J et al. N Engl J Med. 2018; Leahy AB et al. Lancet Haemtol. 2021  



Treatment

• Participants will be enrolled after achieving CR with any 
frontline therapy 

• Undergo T cells collection
• Then receive interim consolidation per treating physicians

• Recommendation for low toxicity interim therapies

• Blinatumomab is an exclusion to avoid target loss

•  At least 4 IT chemo b/w diagnosis & LD

• Once cells are made, participant will receive LD and 
followed by CD19-CAR T cells

• Monitor for toxicity in the first 28 days

• MRD assessment by ClonoSEQ or MCF q3 months x2 
years 



The Unmet Challenge of Glioblastoma
Christine Brown,  Behnam Badie, Jana Portnow, Leo Wang, Lisa Feldman

Median Survival

1980:  12 months (BCNU)

2012:  17 months (Temozolomide)

2014:  17 months (Avastin)

2015:  19 months (NovoTTF)*

Recurrent GBM OS 5-8 months

Challenges  for GBM Therapy 

▪ Invasiveness

▪ Heterogeneity

▪ Immunosuppressive

▪ Blood-brain barrier limits the penetration of many 

therapeutics

▪ Incomplete elimination following standard 

therapies (surgery, radiation, and chemotherapy) 

results in inevitable relapse.

▪ Toxicities can be life-threatening – e.g. CNS 

inflammation and off-tumor targeting

▪ Immunotherapies (vaccines, ICB) have not 

demonstrated a survival benefit in randomized 

trials.

❖ Lack of understanding in CNS immunity

❖ Low mutational burden

❖ Multi-factor immune-suppression



Is There Opportunity for CAR T Cells for 

Treatment of Brain Tumors?

▪ CD19-CAR T cells traffic to the CSF and can eliminate CNS leukemia and lymphoma.

Lee et al. Lancet 2015 

Blood (d28)

1.1%

CSF (d28)

29%

CAR

C
D

3

▪ Resolution of melanoma brain metastases following TIL/TCR immunotherapy.

Hong et al CCR 2010

Abramson et al. NEJM 2017

Pre-CD19-CARPost-CD19-CAR



Overview of CAR T Cell Trials for Glioblastoma

Patient Population:

• Grade III or IV glioma: >75% rGBM

• >4 weeks life expectancy

• Evidence for recurrence/progression

• No enrollment exclusion for 

number of recurrences, tumor 

size, multifocal disease, or prior 

bevacizumab

• Maximal surgical resection or 

biopsy

• Weekly locoregional delivery: 

• No lymphodepletion

• 2-200x106 CAR T cells 

Clinical Trial Design:Locoregional CAR T Cell Delivery for GBM 

Therapy
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Brown et al. Mol Therapy 2018; Priceman et al CCR 2018; Donavan 

et al. Nature Med 2020; Theruvath et al. Nature Med 2020

• ICT; intratumoral

• ICV; intraventricular

• IV; intravenous

Select  CD62L+ naïve/memory T cells for CAR-engineering. 

❖ Less-differentiated CAR products for greater potency

❖ More homogenous product to reduce patient-to-patient variability

Memory/Naïve-Enriched CAR T Cell Manufacturing 

Platform 

Wang et al.  Blood. 2011; Aldoss et al. CCR 2022; Larson Cancer Discov 2022; Arcangeli et al. JCI 2022

Tn/mem; CD62L+

Tcm; CD45RA-CD62L+



IL13Rα2-CAR T Cell Therapy: Phase I Trial Evaluating 

(NCT02208362)

Trial Summary (2014-2021)
• 58 patients 

• 5 Arms study: 
• 3 delivery routes (ICT, ICV, Dual)

• 2 manufacturing processes (Tcm vs 

Tn/mem)

• 2 to 200M CAR+ T cells per infusion

• No dose limiting toxicities (DLTs)

• Most common AEs were fatigue, myalgia, 

headache and hypertension

Patient Outcomes:
• 50% of patients achieved Stable 

Disease (SD) or better 

• 2 partial response (PR) 

• 2 complete response (CR; 1 on 

SSP)

• Optimized Arm 5 rGBM OS 10.2 mo

IL13-41BBζ CAR

Brown et al. 2018; Starr et al. 

2022; Jonnalagadda et al 2012

Brown et al. NEJM 2016

Recurrent GBM: Median Overall Survival

IL13Rα2

Debinski et al. 1999; Brown et al 2013; Barish et al. 

2022



Take Home Lessons

▪ We have shown feasibility and safety for three CAR T cell therapies targeting 

GBM-associated antigens IL13Rα2, HER2 and MMP2/CLTX-receptor

▪ Findings expand the repertoire of validated tumor associated antigens for 

treatment of GBM and other brain tumors

▪ Other targets include, EGFRvIII (Maus et al 2017; Goff et al. 2019), B7H3 (Vitanza et al 

2023) and GD2 (Majzner et al. 2022)

▪ Regional delivery of CAR-T cells is safe, feasible and bioactive

▪ Encouraging evidence of anti-tumor activity in a subset of patients across three 

single antigen targeted CAR-T cell trials

▪ Ongoing trials are evaluating combinations to further enhance therapeutic activity, 

including combining with lymphodepletion and checkpoint blockade (IPI/NIVO)

▪ Multi antigen targeting



Pretreatment Tumors with High CD3 Infiltrates are 

More Responsive to CAR T Cell Therapy

Patient Survival by CD3 Score

HIGH/INT CD3 (11/12 GBM) = OS 10.8 mo
LOW/NEG CD3 (34/41 GBM) =  OS 6.3 mo
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CD3 int
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77.4%
(41/53)
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(10/53)

3.8%
(2/53)

Total=54

CD3 neg/low (41/54)
CD3 int (10/54)
CD3 high (3/54)

75.92% 

(41/54)

18.5% 

(10/54)

5.5%

 (3/54)



Murine IL13Rα2-CAR T cells Induce Endogenous Antitumor 

Responses against Antigen Negative GBM

Superior Antitumor in Immunocompetent Mice

p<0.001

Immune Rejection of Antigen Negative Tumors

CAR-T Treated

Cured Mice

Alizadeh et al; Cancer Discovery; 2021



IRB 17237  A Phase 1 Study of CAR-Engineered Stem/Memory T Cells 

for the Treatment of HER2+ Brain and/or Leptomeningeal Metastases

CLIN2-11574 Principal Investigator: Saul Priceman, Ph.D. 

Clinical PI: Jana Portnow, M.D.



• Origin is expression of HER2 in GBM

• Multi antigen targeting to address heterogenicity (CIRM) 

• Brain metastasis in women with HER2 breast cancer

• HER2 cells for treatment of systemic breast disease 



NCT03696030: 

Intraventricular delivery of HER2BBζ T cells for 

Brain and/or Leptomeningeal Metastases

Continue therapy if no 

disease progression 

observedHER2

HER2BB𝜁
Tn/mem

DLT monitoring

HER2BB𝜁
Tn/mem

HER2BB𝜁
Tn/mem

LD (Flu/Cy)

Screening 

(includes IHC 

for HER2) & 

Consent



CITY OF HOPE

105 days post-CD19-CAR T cell treatment (blood)



CITY OF HOPE

ICV-delivered CD19 CAR T cells demonstrate efficacy in controlling both CNS and systemic lymphoma

34

Wang X et al. DOI: 10.1158/2326-6066.CIR-20-0236
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IRB22240   A Phase 1 Study to Evaluate Intracerebroventricular (ICV) 

Administration of CD19-28 CAR T cells in Patients with 

Primary CNS Lymphoma 

Table 1: CAR T Cell Dose Schedule (DS)

Agent DS -1
DS 1

(Starting Dose)
DS 2 DS 3

Lymphodepletion# none none Yes# Yes#

CAR T Dose^ 4M* 10M 10M 30M

Main questions to address:

• Safety

• Activity

• CAR expansion in CSF

• CAR trafficking to peripheral blood



CAR T Cell Immunotherapy in 

advanced prostate cancer

Tanya Barauskas Dorff, M.D.    
Professor of Medicine

Department of Medical Oncology & Experimental Therapeutics

Section Chief, Genitourinary Cancers

Saul Priceman, Ph.D.
Associate Professor

Department of Hematology and Hematopoietic Cell Transplantation



CAR T cells for Prostate Cancer

PSCA-41BBζ  (COH) 

Priceman

No “kill switch”

Lentiviral transduction

Standard Selection/ Expansion

Dose -1

Starting             

Dose 0a Dose 0b Dose 1 Dose 2

50M 100M 100M +precond. 300M +precond. 600M + precond.

Table 1. CAR+ Cell Dose Schedule

Priceman SJ et al. Oncoimmunology 2018 e1380764



Phase 1 Trial to Evaluate PSCA-BB𝜁 CAR T Cells 

in Patients with mCRPC

• PSCA+ metastatic castration resistant prostate cancer 

       (Clinical PI: Tanya Dorff, MD, Research PI: Saul Priceman, PhD) – Phase 1 complete

• PSCA+ metastatic pancreatic and bladder cancers – TBD 

• 14 patients treated (11 with LD)

• 14/14 at least 1 prior AR-targeted therapy

• 13/14 prior Taxane

! 4 

Toxicity and disease response evaluations will be evaluated as described above.  

Study Population: Patients eligible for the proposed study should have 1) pathologic diagnosis of prostate 
cancer, (2) metastatic castration resistant prostate cancer (mCRPC) (Note: castration will be defined by a 

testosterone <50 ng/dL achieved by orchiectomy or LHRH agonist/antagonist therapy), 3) disease progression 

on the last line of therapy based on: rising PSA with 2 consecutive values 7 days apart or measurable disease 

with an increase in 20% or more of longest diameters of measurable lesions or non-measurable disease with 1 
or more new lesions in soft tissue, or 2 or more new lesions in bone, and (4) prior abiraterone or enzalutamide, 

but not both. Patients may also have had 1) chemotherapy for castration-sensitive prostate cancer, but not for 

castration-resistant disease, 2) prior radiotherapy, provided it was rendered > 28 days prior to treatment, or 3) 
prior use of sipuleucel-T.  

Objectives: The primary objectives are 1) to evaluate the safety and tolerability of PSCA(ΔCH2)BBζ-CAR T 

cells in patients with mCRPC, and 2) identify the recommended Phase II dose (RP2D). The secondary 

objectives are 1) to assess clinical response based on Prostate Cancer Working Group 3 (PCWG3) criteria and 
2) to assess whether PSCA-CAR T cells expand and persist. Correlative objectives include 1) enumeration and 

phenotypic characterization of circulating tumor cells (CTC) pre- and post-therapy and 2) characterization of 

humoral and cell-mediated immunity to PSCA and other known prostate cancer antigens.  

Endpoints: The primary endpoints are DLTs and all other toxicities post CAR T cells. The secondary endpoints 

include: 1) response based on Prostate Cancer Working Group 3 (PCWG3) criteria and 2) persistence of T 

cells to 28 days post infusion (defined as CAR T cells >0.1% of total CD3 cells by flow-cytometry; AUC of log10 
copies/µg of genomic DNA). The correlative endpoints are 1) assessment of circulating tumor cell (CTC) 

conversion (from ≥5 CTCs/7.5 mL to <5 CTCs/7.5 mL, or vice versa) and 2) detection of AR-V7 splice variants.   

Toxicity: will be assessed using the National Cancer Institute’s Common Terminology Criteria for Adverse 

Events (CTCAE v5). A DLT is defined as: 1) any Grade 3 or higher toxicity occurring within 28 days of T cell 
infusion with an attribution of definitely or probably related to T cell infusion, excepting expected adverse 

events of specified grade and duration, including cytokine release syndrome (CRS); and 2) any Grade 3 or 

greater autoimmune toxicity occurring within 28 days of T cell infusion. A toxicity of any grade that is normally 
expected with advanced prostate cancer or related prior therapy and/or treatment will not be considered a DLT 

with respect to protocol continuation, or dose escalation/de-escalation of T cell dose. 

Study Design: This is a Phase I dose escalation trial of adoptive T cell 
therapy. This trial seeks to determine an RP2D to test in future phase II 

trials. RP2D will be based on maximum tolerated dose (MTD), 

participant data on disease response, late toxicities and 2
nd

 infusions. 

The toxicity equivalence range (TEQR) design of Blanchard and 
Longmate

22
 will be used to evaluate select doses of PSCA(ΔCH2)BBζ-CAR T cells and determine the MTD. 

The dose schedule is shown in Table 1. The starting dose will be dose 0. The TEQR design22 can be viewed 

as a minimal elaboration of the 3+3 design to include an explicit toxicity target range, and permit intuitive 
specification of a too-toxic level for closing a dose level. In this implementation of the TEQR design, we define 

the target equivalence range of DLT as 0.20-0.35. Toxicity levels of 0.51 or higher will be considered too toxic 

Table 1. CAR+ Cell Dose Schedule  

Dose -1 
Starting  
Dose 0 

Dose 1 Dose 2 

25M 50M 200M 800M 

Figure 3: T cell product manufacturing and patient treatment plan. BX = biopsy, PB = peripheral blood for correlative assays, 
CT =!computed tomography scan, PET = positron emission tomography, LTFU = long-term follow-up.  *Cyclophosphamide 
lymphodepleting regimen, 1 or 2 days at the discretion of PI, based on disease burden and co-morbidities. **T cell infusion may be 
given within a window of 3-10 days after last dose of lymphodepleting regimen 

CT CT

Tanya Dorff, MD

Priceman, et al. OncoImmunology 2018

Murad, et al. Mol Ther 2021

ASCO 2023

Abstract: 5019 

Poster: 113

1 2 3

100M CAR
+
 T cells

100M CAR
+
 T cells                

+ LD

100M CAR
+
 T cells                 

+ LD
mod

Table 1: Dose Level

n=3 n=6 n=5



Therapeutic Responses in mCRPC Patients 

Treated with PSCA-CAR T Cells
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(Lymphodepletion) Preconditioning necessary for CAR T Cell Efficacy

Murad et al. Molec Ther 2021: S1525-0016

https://doi.org/10.1016/j.ymthe.2021.02.024

Cyclophosphamide (Cy) pre-

conditioning combined with 

PSCA-mCAR T cell treatment 

is effective in vivo against 

bone-metastatic RM9-hPSCA 

prostate tumors and promotes 

protective anti-tumor immune 

memory upon rechallenge

- converts to immunologically “warm” 

tumors with increased CD11c+ DCs 

and reduced CD206+ M2 

macrophages

https://doi.org/10.1016/j.ymthe.2021.02.024
https://www.sciencedirect.com/topics/immunology-and-microbiology/cyclophosphamide
https://www.sciencedirect.com/topics/immunology-and-microbiology/immunological-memory
https://www.sciencedirect.com/topics/immunology-and-microbiology/immunological-memory


Challenge: Lack of durability of response

• PSA began to rise within 3 months after CarT

• Got permission to give a 2nd dose of CarT – but never proceeded

• 1 dose of cabazi + carbo given to bridge

Day 90

Cabazi + carbo

Would a 2nd dose (or multiple 
doses) improve efficacy?
Does LD chemo need to be 
repeated?

What would toxicity look like with 
2nd dose?



Preliminary experience: multiple doses

• 71 yo mets at dx, tx ADT + docetaxel then 
Abiraterone for mCRPC, enrolled in CAR T 
trial

– Bridging cabazi dropped PSA to 0.75 
but PSA rose to 2.4 by time of CAR T 
infusion #1

• PSA dropped to 1.66 by day 60 post CAR T, but day 28 imaging 
shows no change

• Grade 2 cystitis

• 6 months after CAR T #1 his PSA is rising 
(15.3) and he has cancer-related pain 

• Treated with 2nd infusion of 100M PSCA 
CAR T cells

– Within 1 week pain resolved

– D28 scans with improvement

– PSA did not decline (up to 18.2)

– Symptomatic and radiographic PD at 
day 90

• No cystitis

Pre CAR T D28 Post CAR T
Pre CAR T

2nd dose

D28 post 2nd  

CAR T  dose



Combining LD + RD + CAR T

Cari Young, PhD

Post-doc 

Priceman lab



Multi-dose PSCA CAR T and combination 

with SBRT

Priceman, Rockne, Li, Dorff

Hypothesis: 

Cystitis will be 

minimal with 

multiple smaller 

doses of Car T+ 

cells, but total 

higher dose of 

cells will improve 

response



Effective Targeting of TAG72+ Peritoneal 

Ovarian Tumors via Regional Delivery of 

CAR-Engineered T Cells
John P Murad, Anna K Kozlowska, Hee Jun Lee, Maya 

Ramamurthy, Wen-Chung Chang, Paul Yazaki, David Colcher, John 

Shively, Mihaela Cristea, Stephen J Forman, Saul J Priceman

Front Immunol. 2018 Nov 19;9:2268. doi: 10.3389/fimmu.2018.02268. 

https://pubmed.ncbi.nlm.nih.gov/?term=Murad+JP&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Kozlowska+AK&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+HJ&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Ramamurthy+M&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Ramamurthy+M&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Chang+WC&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Yazaki+P&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Colcher+D&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Shively+J&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Shively+J&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Cristea+M&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Forman+SJ&cauthor_id=30510550
https://pubmed.ncbi.nlm.nih.gov/?term=Priceman+SJ&cauthor_id=30510550


Optimized TAG72-CAR T Cells Provide Curative Responses against 

Ovarian Cancer Peritoneal Metastasis Xenograft Models

- TAG72-CARs with optimized backbone greatly improves in vivo anti-tumor efficacy

Lee et al. in revision
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Phase 1 Clinical Trial to Evaluate TAG72-CAR T Cells 

in Recurrent Ovarian Cancer

• TAG72+ platinum-resistant metastatic epithelial ovarian cancer 

(Clinical PI: Lorna Rodriguez, MD PhD, Research PI: Saul Priceman, PhD) – Open to enrollment

Dose -1

Starting             

Dose 0a Dose 0b Dose 1 Dose 2

50M 100M 100M +precond. 300M +precond. 600M + precond.

Table 1. CAR+ Cell Dose Schedule

Murad et al. Front Immunol 2018

Lee et al. in revision



AML CAR Program

CD123CAR

FLT-3CAR

CD33CAR

IL-1RAPCAR

Researchers

Budde  Laboratory

Forman Laboratory  

Caligiuri/Yu Laboratory 

Marcucci Laboratory

Leukemia Center Physicians

CRNs & CRCs 

Our pipeline: Preclinical Phase 1

Supporting staff

Regulatory group

Manufacturing group

Statisticians 

project managers

Many more…

CLL1CAR

Collaboration with Caligiuri/Yu; phase 1 planned 

Collaboration with Marcucci group



CD33: An Immunotherapeutic Target for AML

• Ig family with 2 extracellular domains. 

• Expression:

  myeloid blasts in 87% - 98% AML cases[1,2];

 leukemic stem/progenitor cells (LSPCs) and hematopoietic stem cells (HSCs)[4]

myeloid-derived suppressor cells (MDSCs)[3]

• Function of CD33:

cell adhesion and activation

• Clinically valídated target: 

• Gemtuzumab Ozogamicin (GO, Mylotarg) approved for CD33+ AML

1Ehninger et al. Blood Cancer J. 2014;4:e218. 
2Andrews et al. J Exp Med. 1989:169:1721-1731. 
3Elliott et al. Front. Immunol. 2017;8:86.
4Walter et al. Blood. 2012;119:6198-6208.

ITIM

ITIM



Differential CD33 Expression: 

low on normal hematopoietic stem/progenitor cells  
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Mock TUntreated CD33CAR T

Day 5

Day 14

Day 21

Day 28

Day 35

Potent Antileukemic Activity of CD33CAR T Cells In Vivo



Impact of anti-leukemia drugs on CD33 expression

MOLM-14 THP-1 KG-1A RAJI

0

5000

10000

15000

20000

FLT-3 inh (24 hrs)

C
D

3
3

 M
F

I 
(P

6
7
.6

)

0nM

2.5nM

10nM

100nM

1M

MOLM-14 THP-1 KG-1A RAJI

0

3000

6000

9000

12000

15000

18000

CD33 MFI - 100nM Deci

C
D

3
3
 M

F
I

DMSO

Decitabine

MOLM-14 THP-1 KG-1A RAJI

0

3000

6000

9000

12000

15000

18000

CD33 MFI - 100nM Deci

C
D

3
3
 M

F
I

DMSO

Decitabine

Decitabine: increased CD33 expression FLT3 inhibitor: no change of CD33 expression 



Decitabine Pretreatment Sensitizes AML Cells to Killing by 

CD33 CAR T cells

D0

MOL14

AML cells

FFLuc

D6

Leukemic Burden &  

Survival Analysis

1) PBS+ mock T 

2) PBS+ CD33CAR  

3) Decitabine + mock T 

4) Decitabine + CD33CAR 

T

DAC or PBS

 x 5 days
Decitabine + CD33CAR T: 100% survival





Snap TILs

▪ The Translational Genomics Research Institute (Tgen) at City of Hope lead by 

Sunil Sharma, has developed a personalize neo antigen pipeline to augment 

the activity of these T cells by stimulating the harvested T cells with peptide 

antigens derived from the patients own tumor (personalized immunotherapy)

▪ These cells have potential to overcome the tumor intrinsic resistance 

mechanisms that make cancer, not responsive to the current immune based 

therapies

▪ The technology augments tumor cell recognition and we hypothesis will be a 

more effective TIL therapy approach and make immunotherapy an option for 

patients with cancer



Tumor-Infiltrating Lymphocyte Therapy or Ipilimumab in 

Advanced Melanoma

Maartje W. Rohaan, M.D., Troels H. Borch, M.D, Ph.D., Joost H. van den Berg, Ph.D., Özcan Met, 

Ph.D., Rob Kessels, Ph.D., Marnix H. Geukes Foppen, M.D., Ph.D., Joachim Stoltenborg Granhøj, 

M.D., Bastiaan Nuijen, Ph.D., Cynthia Nijenhuis, Ph.D., Inge Jedema, Ph.D., Maaike van Zon, BSc,

Saskia Scheij, BSc,

N Engl J Med 2022; 8;387: 

2113-2125



MW Rohaan et al. N Engl J Med 2022;387:2113-2125.



MW Rohaan et al. N Engl J Med 2022;387:2113-2125.

Progression-free Survival.

Progression-free survival assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1, is shown for all patients 

who were randomly assigned to receive tumor-infiltrating lymphocyte (TIL) therapy or ipilimumab (the intention-to-treat population). The patients 

were stratified according to BRAF V600–mutation status, line of treatment, and treatment center. Hazard ratios were estimated with the use of the 

stratified Cox regression model. The P value was calculated with the use of the stratified log-rank test with a two-sided 95% confidence interval. 

Tick marks indicate censored data..





Educated snapTIL response to neopeptides
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snapTIL show higher cytotoxicity compared to 

conventional TILs

snapTILTM

10 days

Conventional TILs

snapTILTM kill all tumor cells.

0 100 200 300 400 500

0.6

0.7

0.8

0.9

1.0

1.1

Time (hrs)

T
u

m
o

r 
c

e
ll
s

 (
G

F
P

) 
n

u
m

b
e
r

fo
ld

 c
h

a
n

g
e

Conventional TILs SnapTILTM

✱✱✱

Tumor cells (green)

Stroma cells (black)

TILs (orange)

Melanoma patient-derived tumoroids



snapTILTM show higher activation status and less 

exhaustion status compared to conventional TILs

snapTILTM show less exhaustion status after Rapid 

Expansion compared to Conventional TILs
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snapTILTM show higher activation status and 

cytotoxicity compared to Conventional TILs

Representative response of cohort of 15 patients
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(bottom) patient. GU=general un-involved tissue. 

(B) Specificity of immune response as measured by 

ex-vivo immune infiltration assay of allogeneic 

peptides. Representative response from snapTILTM 

and Conventional TILs from pancreatic cancer patient 

#34 incubated with allogeneic tumoroids from 

melanoma patient #24

(C) Specificity of immune response as measured by 

ex-vivo IFNγ ELISpot assay to allogeneic peptides 

versus autologous peptides. Representative 

response from pancreatic cancer patient #34 

incubated with allogeneic peptides from melanoma 

patient #24 (left panel), and from colorectal cancer 
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snapTILTM are highly selective toward the patient’s 

tumor



snapTILs efficacy in vivo studies: melanoma patient-derived 

xenograft model

TGI (Tumor Growth Inhibition)

Conventional TILs snapTILTM

28.70% 67.63%

snapTILTM treatment promotes ~70% 

tumor reduction. 72 days post-treatment, 

snapTILTM CD3+CD8+ are still present in 

tumor core 
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snapTILTM efficacy, activation, and cytotoxicity in pancreatic 

cancer: ex-vivo model

snapTILTM show significant higher infiltration , enhanced activation and 

cytotoxicity properties in pancreatic cancer compared to Conventional 

Therapy. Data representative of 6 pancreatic cancer patients.
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snapTILTM efficacy in  Pancreatic cancer patient’s 

tumoroids
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snapTILTM show less exhaustion status after Rapid 

Expansion compared to Conventional Therapy. Data 

representative of 6 pancreatic cancer patients.



snapTILs efficacy in vivo studies: pancreatic cancer patient-derived 

xenograft model (study in progress)

A B

C

snapTILs show significant higher efficacy in pancreatic cancer 
compared to Conventional Therapy
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Phase 1 Study of Adoptive  Selective Neoantigen peptide stimulated Tumor Infiltrating 

Lymphocytes (snap TIL) Therapy  for treatment of Advanced Pancreatic Cancer

Sunil Sharma, M.D., FACP, MBA   Gagandeep Singh, M.D.
Physician in Chief     Clinical Professor

Professor and Division Director, Applied Cancer Research and Drug Discovery Department of Surgery

Translational Genomics Research Institute (TGen)

Chief, Translational Oncology Research & Drug Discovery

HonorHealth Research Institute    Stephen J. Forman, M.D. 
Professor of Medicine, City of Hope    Director, T Cell Therapeutics Research Laboratories

     Professor, Department of Hematology and Hematopoietic Cell Transplantation

Vincent Chung, M.D.    Department of Medical Oncology and Therapeutics Research 

Professor       

Department of Medical Oncology and Therapeutics Research    

       



Protocol Goals and Design

▪ To determine the safety and feasibility of administering snap TIL in patients newly 

diagnosed incurable  pancreatic cancer

▪ To determine response rate of treatment in patients as part of their upfront treatment

▪ At time of diagnosis, tumor is removed for generation of snap TILs, before any chemo is 

administered

▪ While cells being made, patients will get 4 cycles of initial treatment.  Goal is tumor 

control while cells are made, as the initial chemotherapy  treatment rarely induces a 

complete remission

▪ When cells are ready, patients will then undergo treatment with these 

personalized  snap TIL cells to assess their efficacy, and toxicity 



Universal Combinatorial Therapy: 
Oncolytic Viruses Deliver CAR Targets and 

‘Warm Up’ Solid Tumors

Park et al. Sci Transl Med 2020 Sep 2; 12(559)

Viral Particle Release

Image courtesy of 

Dr. Sandra Thomas

Anthony 

Park, PhD

Saul Priceman, PhD, 

Stephen Forman, MD

Yuman Fong, MD

Now expanded to “off-the-shelf” using BiTEs (CD19, BCMA) with OV combination 

 



COH T Cell Therapy Research Program
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