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What are Natural Killer (NK) cells?

• Innate immune system
• CD56+CD3-
• Differentiate in the BM
• No antigen priming
• No/low risk of GVHD
• Recognition takes place through 

complex array of receptors



• Limited persistence in the absence of cytokine support
• Lack of antigen specificity
• Functional decline following cryopreservation
• Limited tumor infiltration
• Adoptive infusion of non-engineered NK cells showed limited clinical 

efficacy

Limitations of adoptive NK cell Therapy



Strategies to enhance adoptive NK cell antitumor potential

Figure made in Biorender



Costly, complicated manufacturing

Patients progress or die while waiting 
(~10-20%) or manufacturing failure (~5-7%) 

Autologous CAR-T still have a 
number of limitations:

Commercial challenges

Patient-to-patient variability- “Health of T 
cells”

Challenges of autologous CAR-T therapy

Figure made in Biorender



Autologous vs allogeneic CAR products

Figure made in Biorender



Advantages of NK cells over T cells for CAR therapy



Allogeneic sources of NK cells for CAR engineering

Figure made in Biorender



MD Anderson Cord Blood Bank 
(established and lead by Dr. EJ Shpall since 2005)

• No. Units Collected: 103,980
• No. Units Stored: 34,119
• No. Units Transplanted: 2,109
• No. Units for Research: 18,768
• No. Minority Donor Units: 72%
• Partners:

The Woman’s Hospital of Texas
BCM/Harris Health Ben Taub Hospital
Memorial Hermann Medical Center
Memorial Hermann Southwest
Memorial Hermann Memorial City
Memorial Hermann Woodlands
St. Joseph Medical Center
St. John’s and Providence (Detroit)



Starting Cell 
Number 
(×106)

NK Fold 
Expansion

NK Absolute Count 
at Day14 (×108) 

CAR Transduction 
Efficiency (%)

CAR-CBNK#1 20 564.3 113 66.6

CAR-CBNK#2 20 843.7 170 87.4

CAR-CBNK#3 20 7369.6 1530 64.4

CAR-CBNK#4 20 2514.3 500 47.8

CAR-CBNK#5 20 2221.8 440 67.5

Median 20 2221.8 440 66.6

>100 doses of CAR NK cells can be generated from one cord blood unit

Characteristics of  iC9/CAR.19/IL15-transduced CB-NK cells 
generated from 5 different CB units after 14 days of culture



Liu et al. & Rezvani N Engl J Med, 2020

7/11 CR, No CRS, No 
neurotoxicity, and No GvHD

Armored CAR

N Engl J Med. 2020 Feb 6; 382(6): 545–553. CAR NK cells are detectable > 12 
months post infusion

First In-human Trial of CAR19/IL15 CB-NK Cells in 
Lymphoid Malignancies (dose escalation phase)



For the 37 patients:
• The day 30 and day 100 OR rates 

were 48.6% (95% CI= 31.9-65.6) 
for both

• The day 30 and day 100 CR rates 
were 27% (95% CI= 13.8-44.1) 
and 29.7% (95% CI= 15.9-47.0) 

• 1 year PFS 32%, 1 year OS 68%

First In-human Trial of CAR19/IL15 CB-NK Cells 
in Lymphoid Malignancies (dose expansion phase)

Marin, Li, Basar, Rafei, Daher &Rezvani et al. Nature 
Medicine 2024.

First In-human Trial of CAR19/IL15 CB-NK Cells in 
Lymphoid Malignancies (dose expansion phase)



Can CAR-NK cells be applied beyond CD19+ malignancies?



Ligand for CD27, and stimulates cells expressing 
CD27

Generally absent in non-lymphoid normal tissue

Constitutively expressed on many hematological 
malignancies and considerable fractions of solid 
carcinomas

CD70 is a promising pan-cancer antigen 

Cusatuzumab or ARGX-110 tested in multiple 
clinical trials 

CD45 CD33

CD38 CD70

Lineage

CD90IL1RAP

CB CD34+ cells

AML 

CD123

CD70 is expressed in primary 
AML samples (MDACC; n=54)

Data by Drs. Bijender Kumar, May Daher  and Rafet Basar

• Lymphomas
• Renal cell carcinoma
• Sarcoma
• Mesothelioma
• Nasopharyngeal 

carcinoma



CAR70/IL-15 NK cells show safety and superior anti-tumor activity in an
aggressive CD70+ Raji (Burkitt lymphoma) mouse model and in an AML model

Rafet Basar, 
MD

Sunil Acharya, 
PhD 

Controls: ARGXCD70-Cusatuzumab | Argnx

Raji 
alone 

Day 0 

Day 14 

Day 21 

NT

Raji

CD70/IL-15
Argnx

CAR70/IL-15

#3 #5 #11 #17 #23

THP-1 
alone NT

CD70/IL-15
Argnx

CAR70/IL-15

#23

THP-1

Day 0 

Day 27 

Day 41 

Day 48 

Day 55 

THP-1 alone
NT
CAR70/IL-15 Argnx
23 CAR70/IL-15

Raji alone
NT
CAR70/IL-15 Argnx
3
5
11
17
23

CAR70/IL-15

Acharya et al., Cancer Discovery 2024



Clinical translation: Phase I/II clinical trial evaluating the safety and 
efficacy of CAR70/IL-15 NK cells for cancer immunotherapy

David Marin, MD
Stem Cell 

Transplant and 
Cellular Therapy

David Hong, MD
Department of 
Investigational 

Cancer Therapeutics

250 patient doses 
manufactured and frozen 
from two cord blood units 

CAR transduction efficiency 
58% and 77%

Basket trial in hematologic malignancies 
approved by IRB and FDA (NCT05092451, IND 
27757)- dose level 3 complete

Clinical protocol in renal cell carcinoma, 
mesothelioma, and osteosarcoma approved by 
IRB and FDA (NCT05703854, IND 29057)

6 dose levels:

Dose level -1: 4.0 E+6
Dose level 1: 8.0 E+6
Dose level 2: 4.0 E+7
Dose level 3: 8.0 E+7
Dose level 4: 4.0 E+8
Dose level 5: 8.0 E+8
Dose level 6: 4.0 E+9

Thaw and infuse 
CAR70/IL-15 NK cells

Banked CAR-NK cell 
frozen products

CAR70/IL-15 NK cells



Patient response to truly off-the-shelf HLA-mismatched, cryopreserved 
CAR70/IL-15 NK cells-patient with classical HL

24 yr old male 
Diagnosed with Stage IV classical HL – widespread LN and bones
- ABVD x 6  CR 
- 3 months later - relapsed disease
- GDP x 2  CR  ASCT
- 1 month post ASCT- relapsed HL
- Brentuximab + Nivo  CR
- 2 months later- Haplo-SCT (Flu/Cy/TBI)- complicated by cGVHD eyes and 

mouth
- 10 months later- relapsed 
- Camidanlumab (anti-CD25 ADC) – NR
- RT left flank/kidney 
- CAR-NK cell infusion (Flat dose: 8M NK cells) 

Pre-infusion 

Dose level 4 completed
Responses observed in 10/12 patients

D30 post-infusion D60 post-infusion 
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Patient with classical HL

Lymphodepleting chemotherapy



D30 post-infusion 

Patient with refractory cutaneous T-cell 
lymphoma (CTCL)
• S/p EPOCH, BV-CHP, Romidepsin, 

ICE, pralatrexate, Duvelisib, GDP, 
mogamulizumab

• CAR-NK cell infusion (First patient treated 
at dose level 4: 4E8)

• No toxicity

Patient response to truly off-the-shelf HLA-mismatched, cryopreserved 
CAR70/IL-15 NK cells-patient with refractory CTCL
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Anaplastic Large Cell Lymphoma
Angioimmunoblastic T-cell lymphoma
Peripheral T-cell lymphoma, unspecified
Adult T-cell leukemia/lymphoma
T-cell line, Sezary Syndrome

Pre-infusion 
Lymphodepleting chemotherapy

Photographs obtained with patient consent

Pre-infusion Post-infusion 



CAR70/IL-15 NK cells persist and remain functional in patients

19

38 year old male with primary refractory stage IV diffuse large 
B cell lymphoma (DLBCL) 5/2022
• R-EPOCH – no response
• RICE – progressive disease 
• Revlimid + Ritux – progressive disease 
• Pola-BR – progressive disease 
• loncastuximab tesirine – progressive disease 
• DHAX 
• CD70 CAR NK cells 7/2024  Complete remission
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CD5 CAR-NK cells
Banked umbilical 

cord blood

CB-derived NK 
cells

Cyclophosphamide, 300 mg/m2

Fludarabine 30 mg/m2

Day -4 Day -3 Day -2 Day 0

Cell Infusion

4 dose levels. 
40x10e6, 

120x10e6, 
400x10e6,
1.2x10e9. 

Banked CAR-NK cell 
Frozen product

Phase I/II clinical trial: 
• CD5+ hematologic malignancies (T cell 

lymphomas/leukemias, MCL, CLL)
• Primary objectives: safety, optimal cell 

dosing, efficacy 
• Secondary objectives: response rates, 

OS, PFS, persistence of CAR-NK cells, 
comprehensive correlative studies

20

Clinical translation: Phase I/II clinical trial evaluating the safety and 
efficacy of CD5 CAR-NK cells for cancer immunotherapy



Response to off-the-shelf CD5 CAR-NK cells

21

Pre-infusion D30 post-infusion 

74 yr old female with T-cell lymphoma

Disease failed to respond to 5 different type 
of chemotherapy

Banked CAR-
NK cell 

frozen products

iC9/CAR5/IL-15 
NK cells

Responses observed in 2 / 3 patients



Strategies to enhance adoptive NK cell antitumor potential

Figure made in Biorender
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Daher et al & Rezvani. Blood 2021. 137(5):624-636
Daher et al. Blood. 2021 Feb 4;137(5):624-636
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Deletion of CIS enhances the fitness and anti-tumor activity of CAR-NK cells 
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TGF-β pathway inhibition can prevent AML induced NK cell dysfunction

Day1
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Day 32
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Day23

Kumar, Singh & Daher et al. Science Translational Medicine, 2024.



Nick Short, MD

Off-the-shelf TGFBR2 KO CAR70/IL-15 NK cells for the treatment of 
relapsed/refractory AML (IND 31339, Protocol 2024-1967)

500mg/m2

30 mg/m2

Thaw and infuse TGFBR2 KO 
CAR70/IL-15 NK cells

Dose Level Cryopreserved 
Transduced Cells 

Dose for 
Treatment

Dose Level -1 1.3 x 107

Dose Level 1 4 x 107

Dose Level 2 1.3 x 108

Dose Level 3 4 x 108



Conclusions

• Cord blood is an attractive allogeneic source of NK cells
• NK cells are promising alternative vehicles for cell therapy
• Various strategies can be employed to enhance the efficacy of adoptive NK 

cell therapy including CAR engineering and CRISPR gene editing
• Multiple ongoing trials testing the safety and efficacy of various NK cell 

engineered products against various malignancies
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