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# The Roadblocks in Developing CAR-T in T-cell 
lymphomas

# Targeting CD30

# Targeting CD7

# Targeting CD5

# Other Notable Targets in TCL

Overview 



T-cell Lymphomas

Data from UK Haematology Malignancy Research Network Smith et al. Br J Cancer (2015) 112, 1575-1584Source: Adapted from Mordor Intelligence

High Medium Low

From 1992 to 2005, 
peripheral T-cell 
lymphoma (PTCL) 
incidence 
increased 
by 280% (SEER)

In the US, 10-15% 
of NHLs are T-cell 
lymphomas 10,000+ 
cases/year à Orphan 
designation eligible

T-CELL LYMPHOMA – GROWTH RATE BY REGION

4
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The WHO Classification of Haematolymphoid Tumours
5th edition

Figure from Bhansali RS and Barta SK et al, unpublished
Cree, I.A. The WHO Classification of Haematolymphoid Tumours. Leukemia 2022, 36, 1701-1702
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Current Treatment Approach for Newly Diagnosed 
T-Cell Lymphomas 

6

25-30% are primary refractory

<30% will be alive without relapse 
at 5 years
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Challenges for CART cell therapy in T-cell malignancies

PROBLEM:
Shared antigens 
between tumor
and normal T cells

Angelos MG, Patel RP, Ruella M, and Barta SK. Transplantation and Cellular Therapy 2024: 30(2): 171-186
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Strategies to 
overcome 
those 
challenges

Angelos MG, Patel RP, Ruella M, and Barta SK. Transplantation and Cellular Therapy 2024: 30(2): 171-186
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CT.GOV List of 
CAR T-cell 
Therapy Trials 
for T-Cell 
Malignancies 
as of 
March 21, 
2025
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CD30 as target in T-NHL

Caballero, et al. Blood 2025; 145 (16): 1788–1801.

• ORR 72% w/ 60% CR rate
• Median FU of 34 months
• 1-year PFS 41%
• 60% of pts in CR remained in CR 
• N=2 T-NHL -> PR @1 months,           

but died <1y of CART.
• Skin rash in 40% - resolved in 

3/4 w/o intervention



11

PFS for all infused patients
N=6 “CD30+” PTCL 

ALCL, ALK+: 3
ALCL, ALK-: 1
AITL: 1
PTCL-NOS: 1

5 out of 6 PTCL patient relapsed 
(n=1 CD30- disease)

Median PFS 32.3mo

Grover NS, et al. Lancet Haematology 2024  
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CD30 CART in T-cell NHL

Publication Target Diagnosis Pts w/ T-cell 
malignancy

Age Type 
of 
CART

Lympho-
depletion

Cell dose Response Survival Toxicities Infection/
CMV & EBV

Ramos, et 
al. J Clin 
Invest 2017

CD30 CD30+ 
LPD

N=2  
(pcALCL; Alk+ 
ALCL)

35 
(20-65)

Auto 
T cell

No LD 2x107-2x108 cells/m2 N=1 PD; 
n=1 CR for 9 
months

Both alive with disease No CRS or 
ICANS

No viral 
infections

Vorhees, et 
al. Blood 
Adv 2020

CD30 EATL N=1 69 Auto
T cell

Benda 70mg/m2

Flu 30mg/m2 x3d
2x108 cells/m2 CR In remission >30 

months
CRS: n=1 
(G1);
No ICANS

None 
reported

Brudno, et 
al. Blood 
Adv 2023

CD30 CD30+ 
LPD

N=1 (ALCL) Auto 
T cell

Flu/Cy 0.3 - 9 × 106 CAR+ T 
cells/kg

No response (HL 
43% - n=1 CR)

Median EFS 13 weeks; 
mDOR 9 weeks

CRS 54% -
mostly <3; 
ICANS 24% -
all G2; rash & 
prolonged 
cytopenias

EBV 
reactivation 
in the context 
of prolonged 
steroids for 
rash

Caballero, 
et al. Blood 
2025

CD30 CD30+ 
LPD

N=2 (PTCL-
NOS; ALCL); 
n=11

65 x2 
(21-65)

Auto 
T cell 
+ IL

Flu/Benda 3-10 × 106 CAR30+ T 
cells/kg

ORR 100% (70%CR) 
at 1mo; 100% 21 
months, but 
relapse <6 months 
in T-NHL.

2y PFS 40% and 2y OS 
60%

No ICANS, 
CRS 60% - all 
G1; rash 
(40%). 

Infection 
50%; G3 30%

Summary:
While CD30 is an ideal target for CART 
therapy, as it has limited expression on 
normal tissue, current outcomes are 
challenged by the limited durability of 
responses. 
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Ghobadi A, et al. Blood 2025
Ghobadi A, et al.  Res Sq [Preprint]. 2024 Aug 5:rs.3.rs-4676375

WU-CART-007: donor derived 
CRISPR-Cas9 edited to delete CD7 & 
T-cell receptor alpha constant gene 
(TRAC), transduced with a 2nd gen 
CAR targeting CD7 

Most common TRAE: CRS in 88.5%; (19.2% grade 3–4). Others: G2 HLH n=1; n=1 G1 
ICANS; n=1 aGVHD. N=3 G5 events: fungal infection n=2 and multi-organ failure (w/ PD)

N=15 @RP2D
N=13 evaluable for 
response
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Chiesa R, et al. N Engl J Med 2026;394:152-165

CD7- relapse



Oh, B.L.Z., Shimasaki, N., Coustan-Smith, E. et al. Fratricide-resistant CD7-CAR T cells in T-ALL. Nat Med 30, 3687–3696 (2024)

Fratricide-resistant (PEBL) auto CD7-CART in T-ALL 

N=9 went to allo HCT (no relapses)
N=8 not transplanted: 

3 relapses: n=2 CD7-
3 non-relapse death: 
fungal infex; n=2 CNS dz
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CD7 CART in T-cell malignancies – autologous cells

Publication Target Diagnosis Pts w/ T-cell 
malignancy

Age Type of 
CART

Lympho-
depletion

Cell dose Response Survival Toxicities Infection/
CMV & EBV

Lu, et al. 
Blood 2022

CD7 T-ALL & T-
LBL

N=20 22 
(3-47)

Nat. 
select. 
auto or 
allo (if 
prior 
allo)

Flu 30mg/m2

Cy 300mg/m2

x3d

0.5- 2x106

per kg
@Day+28: 
95% CR/CRi in BM: 
(19/20)
56% CR in EM (5/9) 

N=14 underwent 
consolidative allo HCT –
no relapses; 
4/6 w/o allo HCT remain 
in remission @ 142 days; 
n=2 died (n=1 each PD 
and GVHD)

CRS: 95% (G1-
2:90%; G3: 5%); 
ICANS: 10% (all G1); 
no T-cell aplasia

N=1 CMV; no 
EBV;
n=2 bacterial 
sepsis

Zhang et al. 
CCR 2022

CD7 T-ALL & T-
LBL

N=8 36 
(15-
68)

NB-
derived 
fratr. 
res. 
auto T 
cells

Flu 30mg/m2

x3d  
Cy 500mg/m2

x2d

1.0-1.5x106

per kg
@30 days:
75% CR (6/8)

@3 months:
87.5% CR (7/8)

N=1 died of infection; 
4/8 relapsed; 3 remain 
in remission at 3,8 and 
12 months w/o allo HCT

100% CRS (G1-2: 
87.5%; 12.5% G4); 
no T-cell aplasia

CMV/EBV N/A
N=1 (12.5% G5 
abdominal 
infection)

Oh et al.
Nat Med 
2024

CD7 T-ALL N=17 16 (2-
71)

PEBL Flu/Cy 0.5x106 per 
kg

@1 months: 95% 
MRD- CRR (16/17)

@mFU 15 mo n=11 alive 
and in CR; n=2 w/o allo
HCT
6 died (n=3 relapse)

76% CRS (all <G3); 
12% ICANS (all G1); 

30% >G3 
infection; at least 
1 G5 fungal 
infection)
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CD7 CART in T-cell malignancies – allogeneic cells
Publication Target Diagnosis Pts w/ T-cell 

malignancy
Age Type of 

CART
Lympho-
depletion

Cell dose Response Survival Toxicities Infection/
CMV & EBV

Pan, et al. 
JCO 2021

CD7 T-ALL N=20  (T-ALL) 20 
(3-45)

Allo Flu 30mg/m2

Cy 250mg/m2

(30mg/kg if no 
prior allo) x3d

5 x 105 per kg 
or 1 x 106 per 
kg

90% CR 
(85% MRD- CR)

9 of 11 w/o HCT, remain 
in CR at mFU 7.0mo; 
n=2 died (n=1 each PD & 
fungal PNA)

CRS: 100% (G1-2: 
90%; G3: 5%; G4: 
5%); 
ICANS: 15% (all G1); 
no T-cell aplasia;
60% early GVH

N=5 w/ CMV 
and/or EBV; n=1 
G5 fungal PNA.

Hu et al, 
NEJM 2023

CD7 AML, T-
ALL, T-LBL

N=2 T-ALL; 
n=1 T-LBL

57 
(14-73)

Donor 
CART -> 
haplo
HCT

Flu 30mg/m2

Cy 300mg/m2 

VP16 300mg  
x5d

2x105 per kg 
or 5x106 per 
kg

@3 months: 
ORR 100%
(9/10 MRD- CR; 
1/10 MRD+ CR)

mFU 15 months
N=3 died (n=2 infection; 
n=1 PD);
estimated 1y OS 68% 
(95% CI 43-100); 
1y DFS 54% (95% CI: 29-
100).

CRS: 90% (all G1-2); 
No ICANS;
N=1 CAR-related 
GVHD; 
no T-cell aplasia

90% CMV and/or 
EBV reactivation 
w/ 1 EBV+ PTLD; 
N=5 bact. or 
fungal  infections 
(n=2 G5)

Chiesa et al 
NEJM 
2023/NEJM 
2026

CD7 T-ALL N=11 13 
(13-15)

Base-
edited 
donor T 
cells 
(TCRB1, 
CD7, 
CD52)

Flu 150mg/m2

Cy 120mg/m2 

Alemtuzumab 
1mg/kg  x1d

0.2x106 per kg 
or 2.0x106 per 
kg

@28 days
ORR 82%

N=1 died of fungal 
pneumonia (D+33); all 
n=9 in CR went to allo
and alive

CRS: 100% (all G1-
2); 
ICANS: 33%  (all 
G1); 
no GVHD

CMV n=2; N=1 
each E.coli 
bacteremia, 
Candidal 
bacteremia 
aspergillus PNA

Ghobadi, et 
al.Res Sq 
2024/
Blood  
2025

CD7 T-ALL/
T-LBL

N=28 (n=13 
RP2D)

14-69 Allo
CD7KO, 
TRAC 
del 

Flu 30mg/m2

Cy 500mg/m2

x3d or 
enhanced (Flu 
x4d; Cy 
1000mg/m2)

CR 72.7% 
@R2PD (8/11); 
ORR 91%

DOR 6.6m CRS 88.5% (19.2 
G3/4); 7.7% ICANS 
(G1); 11.1% G5 
(inx/ MOF)); n=1 
GVHD

N=1 G5 fungal 
infection; n=1 G5 
sepsis; 19.2% 
G3/4 infections; 
n=1 G5 
encephalopathy

Summary:
High response rates in T-ALL and T-LBL at 1 month with most 
patients undergoing allo HCT after CART Rx. 
Infectious complications, are more common. 
Concerns regarding durability of response w/o allo HCT, this 
nevertheless is a promising bridging therapy. 



DEVELOPMENT STRATEGY FOR T CELL LYMPHOMA: SELECTING THE TARGET

Courtesy: Stefano Pileri

Anti-CD5 CAR

Elghawy O, et al. Cancers 2024; 
Patel R, et al. Science Immunology, 2024
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Targeting CD5



CART population doublings

MOCK KO CD5 KO

CD
5

CD3

CD5 expression CAR

SS
C

64%

CAR5 expression

Chun I. et al Blood, 136, Suppl. 1, Pages 51-52

Challenge #1: 
T-cell fratricide

Highly efficient CRISPR/Cas9 CD5 knock out and 
CAR expression

Slide courtesy of Marco Ruella (modified)
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Exhaustion markers

CD5 expression CAR5 expression

CD5 knock out leads to less activated & differentiated CART

Patel RP, Science Immunology, 2024 Jul 19;9(97)



Tumor burden (Jurkat) Overall survival T cell persistence

-7

T-ALL
Jurkat
cells

Mock KO UTD
CD5 KO UTD

Mock KO CART5
CD5 KO CART5

NSG

CD5 KO enhances CART5 against T-cell NHL

Patel RP, Science Immunology, 2024 Jul 19;9(97)
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CD5+ normal T cells: killed CD5 KO normal T cells:
ignored

Challenge#2: 
Killing Healthy T cells

CART5 can kill CD5+ but not CD5KO normal T cells

Slide courtesy of Marco Ruella (modified) Patel RP, Science Immunology, 2024 Jul 19;9(97)
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CD5KO untransduced T cells recognize CMV

Slide courtesy of Marco Ruella (modified) Patel RP, Science Immunology, 2024 Jul 19;9(97)
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CD5KO CART5 are designed to enhance efficacy and 
reduce toxicity 
ØNo fratricide

ØEnhanced expansion and 
persistence

ØEnhanced efficacy

ØTransduction of CD5KO 
untransduced cells may help 
restore T-cell mediated 
immunity faster 
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Barta SK, Schuster SJ, … Ruella M.  Blood 2025; 146 (Supplement 1): 4174.

VIPER 101 – Prelim Results
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VIPER 101 –
Prelim Results

Barta SK, Schuster SJ, … Ruella M.  Blood 2025; 146 (Supplement 1): 4174.

ORR (6 evaluable patients) 
@1mo 83% (5/6) 



Antitumor efficacy and safety of unedited autologous 
CD5.CAR T cells in RR mature T-cell lymphomas

• N=17 enrolled
• Product successfully manufactured for 13/14 (93%)   

& administered to 9 (69%) patients. 
• ORR 44%, CR in 2/9 (22%) 
• The most common grade 3+ AEs were cytopenias. 
• No grade 3+ CRS or ICANS.
• N=2 died during the immediate toxicity evaluation 

period due to rapidly progressive disease.

Hill et al. Blood 2023 



30

Phase 2 study of MB-105, a CD5.CAR T therapy for 
patients with relapsed/refractory T cell lymphoma

Iyer S, et al. Interim analysis of safety & efficacy in a Ph 2 study of MB-105, a CD5.CAR T therapy for patients with RR T cell lymphoma. Blood 2025; 146 (Suppl 1): 775.
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Phase 2 study of MB-105, a CD5.CAR T therapy for 
patients with relapsed/refractory T cell lymphoma

Iyer S, et al. Interim analysis of safety & efficacy in a Ph 2 study of MB-105, a CD5.CAR T therapy for patients with RR T cell lymphoma. Blood 2025; 146 (Suppl 1): 775.



Allogeneic CD5-specific CAR-T therapy for 
relapsed/refractory T-ALL

Pan, J., Tan, Y., Shan, L. et al. Allogeneic CD5-specific CAR-T therapy for relapsed/refractory T-ALL: a phase 1 trial. Nat Med 31, 126–136 (2025).
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CD5 CART in T-cell malignancies
Publication Targe

t
Diagnosis Pts w/ T-cell 

malignancy
Age Type 

of 
CART

Lympho-
depletion

Cell dose Response Survival Toxicities Infection/
CMV & EBV
reactivation

Hill, et al. 
Blood 2024

CD5 Mature T-
cell NHL

N=17 
enrolled; 
13/14 
manufacture
d; n=9 
infused

63 
(29-
71)

Auto Flu 30mg/m2

Cy 250mg/m2

(30mg/kg if no 
prior allo) x3d

1 x 107/m2; 5x 
107/m2; 
2x108/m2; 
1-2 doses

ORR: 44% (all CR; 4/9) N=7 died:
n=5 died of PD; n=1 
toxicity from salvage 
therapy; n=1 TRM; 
2 alive @ 41 and 48 
months (both had 
relapsed)

CRS: 44% (all 
G1-2); 
ICANS? 11% 
(G2); 
no T-cell 
aplasia.

1 w/ CMV and 
BK.; no EBV; 
n=1 
bacteremia

Pan et al, Nat 
Med 2025

CD5 T-ALL N=16 (n=10 
had prior 
CD7 CART)

10 
(7-15)

Donor 
T-cells

Flu 30mg/m2

Cy 250mg/m2

x3d

1.0x106 per kg 3 months BOR 100%
mFU 14.3mo

3 of 4 s/p  allo HCT 
alive; 
2/12 w/o HCT alive in 
CR (3 relapsed (CD5-; 
5 died of infection)

CRS: 75% (all 
G1-2); ICANS: 
25% (all G1-
2); 68% 
GVHD; N=2 
G5 TMA; T-
cell aplasia: 
10/16 “below 
normal” T-cell 
counts

N=5 
CMV/EBV 
incl. n=1 G3 
EBV PTLD; 
n=1 G3 CMV 
PNA; n=2 G5 
EBV; 
n=1 G2 
mucor/asp.; 
n=1; n=3 
bacterial inf

Lin, et al. 
Blood Cancer 
Journal 2024

CD5 T-NHL 
(n=2 AITL; 
n=1 
SPTCL)

N=3 22 
(3-47)

Auto 
w/ 
tEGFR
safety 
switch

Flu 30mg/m2

Cy 300mg/m2

x3d

1x106 per kg 3/3 (n=1 CR; n=2 PR) N=1 (CR) died of MOF 
d+124; n=1 PR 
underwent alloHCT; 
n=1 PD @ D+182 

CRS: 100 % 
(all G1-2); no 
ICANS; n=3 
G3-4 skin rash

N/A

Summary:
Largest experience in T- cell NHL. 
Response rates are lower in NHL than in ALL/LBL.
Infectious complications esp. s/p allo CART.
Durability of response is a concern. 
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AUTO4 = Anti-TRBC1 CAR T cells with 
a 41BB-ζ endodomain
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v

35

LibraT1 study – AUTO4 in PTCL

CMR: 4/10 evaluable patients; 
N=2 w/ remissions being durable >1 year. 

Cwynarski, K. et al. TRBC1-CAR T cell therapy in peripheral T cell lymphoma: a phase 1/2 trial. Nat Med (2024)
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AUTO4 - Lack of expansion and persistence on the 
peripheral blood

36

• Only n=1 at the highest dose level had 
detectable transgene in PB 10 min after 
infusion, dropping by day 7 & further by day 13. 
Day 123 was the latest time point in which CAR 
T cells were detectable by ddPCR.

• No CAR T cells were detected by flow 
cytometry. 

• Notably, some evidence for reverse targeting of 
AUTO4 CAR T cells by normal TRBC1+ T cells 
could be detected in vitro 

• All five of five patients with posttreatment 
lymph nodes accessible to biopsy both IF and 
ddPCR confirmed infiltration of AUTO4 CAR T 
cells at these tumor sites. 

Persistence @D+175:
1/10 in blood; 
75% in LN
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CTX130:
• Allogeneic T cells;
• CRISPR/Cas9 gene edited with 

TRAC, B2MG, and CD70 
disruption;

• anti-CD70 CAR.

COBALT-LYM: 
• 41 patients with either PTCL or CTCL
• 39 (95%) received CTX130. 
• Median FU 7·4 months (IQR 3·1–12·2). 
• Median number of previous lines of 

anticancer therapy was 2·5 (IQR 1·3–4·0) 
for patients w/ PTCL and 5·0 (IQR 5·0–
7·0) for patients w/ CTCL.
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COBALT-LYM trial - results

January 27, 202638

ORR 46.2% [95% CI 30·1–62·8] (18/39). 
At DL3+, ORR 51·6% [33·1–69·8]) (16/31) w/ 19·4% CR.
MF/SS: ORR 50.0% [21·1–78·9]) @ DL3+ (N=2 CR)  
DOR @ DL3+ in PTCL, 2·5 months (95% CI 1·1 to non-evaluable)

Waterfall plot for skin response (mSWAT) in CTCL

Swimmer plot for A) CTCL and B) PTCL

Iyer, SP et al. The Lancet Oncology, Volume 26, Issue 1, 110 - 122
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Summary and Conclusions

CAR-T for T cell NHL has arrived. 
PLUSES
• High response rates @ 1 months
• CRS and ICANS are limited
• No significant T-cell aplasia
MINUSES
• Significant infectious toxicities and EBV reactivation
• Unusual toxicities have been seen – prolonged 

cytopenias; skin rash; GI toxicities
• Relapses commonly due to antigen loss
Next steps:
We need to better understand on-target, off tumor 
effects; what makes long-term responders; how to 
address antigen loss by malignant T-cells
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