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Approximately twenty million people a year are diagnosed with cancer, and about ten million die from the disease annually.
Cancer is traditionally treated by a combination of approaches geared to removing, killing, and/or controlling cancer cells,
including surgery, chemotherapy, and radiation. One out of three cancer cases is refractory, meaning they do not respond to any
of these traditional treatments, while one out of two of the ones that did respond will relapse, and the cancer will come back
even after the initial success. Though the 5-year survival rate has been improving through these traditional treatments, especially
because of early detection, the global mortality burden remains significant, and numerous novel treatments are in development
in the hopes of turning more cancer victims into cancer survivors. This review focuses on one such promising new therapy,
CAR-T cell therapy (chimeric antigen receptor T-cell therapy), which is a revolutionary immunotherapy that utilizes a patient’s
own genetically modified T-cells to attack cancer cells with high specificity. The treatment has been demonstrated in clinical
trials to be highly effective at treating an array of blood cancers, specifically ones that were previously considered untreatable by
traditional means (relapsed/refractory), and there are now 7 FDA-approved CAR-T therapies for several different blood cancers.
Further, there is promise in ongoing research and trials for this powerful technology to be an effective treatment against solid
tumor cancers as well. This paper will review the application, results, and success rates of CAR-T cell therapy and discuss
ongoing efforts to apply this therapy to additional blood cancers, as well as solid tumor cancers and even autoimmune diseases.
Though the treatment is in the early stages of application and ongoing development and has some hurdles to overcome, CAR-
T cell therapy offers hope for a possible one-and-done cure for cases where conventional treatments have failed. CAR-T cell
therapy has the potential to become a leading cancer treatment for patients worldwide.

Introduction

CAR-T cell therapy is an advanced immunotherapy that uti-
lizes a patient’s own T cells, re-engineered as weapons to hunt
and kill cancer cells in a highly targeted approach. Originally
invented by Zelig Eshhar of the Weizmann Institute of Sci-
ence in the 1980s, the technology was later refined and devel-
oped from the lab into the first CAR-T treatment for patients
by Carl June of the University of Pennsylvania and Michel
Sadelain of Memorial Sloan Kettering Cancer Center1. They
called it Tisagenlecleucel, derived from T cell therapy specific
antigen (Tisa), genetically engineered (gen), leucocytes (leu),
cell therapy (cel). In 2010-2012, the first three adult patients
with chronic lymphocytic leukemia were treated and achieved
complete remission, demonstrating for the first time that the
approach could produce durable responses in otherwise un-
treatable disease2. Then, in 2012, they tried the treatment on
a 6-year-old girl named Emily Whitehead, who had acute lym-
phoblastic leukemia (ALL) and was ineligible for a bone mar-
row transplant. She received the treatment, achieved complete
remission, and remains cancer-free to this day3. Branded by
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Novartis as Kymriah, this first CAR-T therapy gained FDA
approval in 2017. The therapy has demonstrated remarkable
success in clinical trials in cancer cases that were otherwise
untreatable, and much follow-up research and development
has since been completed4. Currently, there are seven FDA-
approved CAR-T treatments for several relapsed or refractory
B-cell malignancies5–11.

Approximately 20 million people are diagnosed with can-
cer each year, and about 10 million die from the disease annu-
ally12,13. The majority of these cancers are solid tumors, while
a smaller proportion, approximately 8-10%, are hematologic
cancers such as leukemias, lymphomas, and myeloma12,13.
All cancers are treated initially with surgery (when possi-
ble), chemotherapy, and radiation, and, for some blood can-
cers, hematopoietic stem cell transplant (HSCT). However,
many patients do not respond fully to these treatments, and
even among those who initially respond, relapse remains com-
mon13. The current overall 5-year survival rate of solid-tumor
and blood cancers combined is approximately 70% in the
United States and considerably lower in many parts of the
world due to disparities in access to care13. These statistics
drive massive efforts to develop novel, targeted cancer treat-
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ments like CAR-T cell therapy that can provide better op-
tions, especially where none exist, and achieve higher, last-
ing cure rates. When a patient begins CAR-T cell treatment,
their T cells are collected through leukapheresis, then geneti-
cally modified in a lab to produce a chimeric antigen receptor
(CAR) that binds a specific protein on cancer cells (for exam-
ple, CD19 in the case of Kymriah), expanded into millions,
and reinfused back into the patient as a highly specific, single-
dose therapy1. The whole process takes from 2 to 6 weeks,
but differs from traditional treatments like chemotherapy and
radiation because it involves only one infusion, rather than nu-
merous sessions over an extended period1.

The goal of this paper is to review and understand the cur-
rent state of CAR-T cell therapy and the hurdles that must be
overcome to make this potential miracle cure more broadly ac-
cessible and cost-effective10. This paper will review the land-
mark clinical trials that paved the way for the treatment, the
seven FDA-approved CAR-T therapies, and their real-world
effectiveness in terms of complete remission (CR) rates and
overall survival (OS) rates, major adverse effects (cytokine
release syndrome and neurotoxicity)14, high manufacturing
costs15, relapse due to “antigen escape,”10 and strategies for
next-generation CAR-T therapies that could extend the treat-
ment to solid-tumors and autoimmune diseases16–19.

Methods

Literature Search

A literature review was conducted in PubMed on December
8, 2025. Articles published from 2020 to 2025 were searched
using the terms “CAR-T,” “CAR T,” or “Chimeric Antigen Re-
ceptor” combined with keywords for approved therapies, piv-
otal trials (ELIANA, ZUMA-1, JULIET, KarMMa, CARTI-
TUDE, etc.), real-world evidence, toxicities (CRS, ICANS),
manufacturing and cost issues, solid-tumor applications, au-
toimmune uses, and antigen escape. Searches were limited to
English-language, human subject studies and typically yielded
several hundred to approximately 1,400 results per query. Af-
ter removing duplicates and screening titles and abstracts for
relevance, full texts were reviewed. Eighteen high-quality re-
view articles and key clinical studies published between 2020
and 2025 were selected for inclusion. Reference lists of all
included papers were also examined for additional sources.
Data on active clinical trials were verified through Clinical-
Trials.gov20.

Results

Early Academic Trials at the University of Pennsylvania

In August 2010, the first adult patient with chronic lympho-
cytic leukemia (CLL) was treated with a CD19 CAR-T (tis-

agenlecleucel) and achieved long-lasting, complete remission
(CR)2. This initial case provided proof of concept that the
technology could work and generated significant excitement
in the oncology community. From 2011 to 2012, two addi-
tional adults with CLL were treated, and both also achieved
CR2. Between 2012 and 2013, the first two children, includ-
ing Emily Whitehead, were treated with tisagenlecleucel3.
Both had relapsed, refractory ALL with little hope for sur-
vival, and incredibly, both achieved long-lasting CR3. Given
the circumstances, especially that they were children with ex-
tremely poor prognoses and no remaining treatment options,
these early successes were extraordinary.

Between 2013 and 2014, 30 additional young patients with
ALL were treated with tisagenlecleucel, and 91% of them
achieved CR3. Based on these unprecedented results, the
FDA granted “Breakthrough Therapy Designation” to tisagen-
lecleucel, accelerating clinical testing and paving the way for
broader development of CAR-T therapies1.

Landmark Clinical Trials for CAR-T Cell Therapies

Four trials directly supported the initial FDA (and later
global) approvals of the first commercial CAR-T cell thera-
pies: ELIANA, ZUMA-1, JULIET, and ELARA. Each served
as a pivotal registrational study. All were prospective, mul-
ticenter, and single-arm trials (all patients received the treat-
ment)1, appropriate given the patients enrolled had such poor
prognoses that denying them the potentially curative treatment
would be unethical1.

ELIANA

The ELIANA trial was a global phase 2 study that led to the
approval of tisagenlecleucel21. Because dosing for tisagenle-
cleucel and manufacturing procedures had been established in
the University of Pennsylvania academic studies, the FDA al-
lowed the trial to begin at phase 221. A total of 79 children and
young adults between the ages of 3 and 21 with relapsed B-cell
ALL who had failed multiple prior treatments were infused21.
After a single treatment, 81% achieved CR, a groundbreaking
result consistent with earlier academic findings21.

ZUMA-1

Zuma-1 was a combined phase 1/2 trial evaluating axicab-
tagene ciloleucel for diffuse large B-cell lymphoma (DL-
BCL)22. 101 adults who had failed two prior lines of ther-
apy were treated22. 58% of them achieved CR, leading to
“Breakthrough Therapy Designation” and an accelerated path
to approval22. Axicabtagene ciloleucel, branded as Yescarta,
became the first approved CAR-T for lymphoma22.
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JULIET

The JULIET trial was a global phase 2 study of tisagenlecleu-
cel in 115 adults with relapsed or refractory DLBCL23. As
with ELIANA, no phase 1 study was required because prior
work had already established dosing23. A single infusion pro-
duced a 40% CR rate23. With Yescarta already approved,
Kymriah became an alternative CAR-T option for adult lym-
phoma23.

ELARA

The ELARA trial evaluated tisagenlecleucel in 97 adults
with relapsed or refractory follicular lymphoma (FL), a slow-
growing but difficult-to-cure cancer5. 69% achieved lasting
CR, leading to FDA approval for this indication5.

FDA-Approved CAR-T Cell Therapies (as of December
2025)

As a result of the pivotal trial breakthroughs, there are now
seven FDA-approved CAR-T cell therapies, all indicated for
relapsed or refractory B-cell malignancies. Five target CD19,
a protein expressed on B-cells leukemias and lymphomas, and
two target BCMA, a protein expressed on multiple myeloma
cells. They are each achieving promising complete remission
(CR) rates and overall survival (OS) rates, not only in the trial
patients but also now in a growing population of patients being
treated in the real world18,24. They are summarized as follows:

Bien hay varios itemimize dentro de un enumerate

1. Kymriah (tisagenlecleucel)

Approved in 2017, targeting CD196. Indications based
on the ELIANA, JULIET, and ELARA trials include:

• Pediatric/young adult relapsed or refractory B-cell
ALL21.

• Adult DLBCL23.

• Adult follicular lymphoma5.

Trial CR rates:

• ELIANA: 81%

• JULIET: 40%

• ELARA: 69–70%

Long-term outcomes (per trials):

• ELIANA: ∼ 58% OS at 5 years

• JULIET: ∼ 43% OS at 5 years

• ELARA: 82% OS at 4 years

2. Yescarta (axicabtagene ciloleucel)

Approved weeks after Kymriah, also targeting CD1922.
Indications:

• Adult relapsed or refractory DLBCL22.
• Adult relapsed or refractory FL
• ZUMA-1 trial CR rate: 58%
• ZUMA-1 OS: ∼ 43% at 5 years

3. Tecartus (brexucabtagene autoleucel)

Targets CD19. Made by Kite/Gilead Sciences7. Indica-
tions:

• Adult mantle cell lymphoma (MCL) based on
ZUMA-2

• Adult B-cell ALL based on ZUMA-3

Trial outcomes:

• ZUMA-2: 62% CR, 39% OS at 5 years
• ZUMA-3: 63% CR, ∼ 50% OS at latest follow-up

4. Breyanzi (lisocabtagene maraleucel)

Targets CD19 and is approved for several relapsed or
refractory B-cell malignancies8. Indications include
LBCL, FL, MCL, and CLL/SLL. Trial CR rates (TRAN-
SCEND NHL, TRANSFORM): ∼ 54% 2-year OS: ∼
50–55%

5. Abecma (idecabtagene vicleucel)

Targets BCMA for relapsed or refractory multiple
myeloma (RRMM)10. KarMMa trial:

• 33% CR
• ∼ 50% OS

6. Carvykti (ciltacabtagene autoleucel)

Also targets BCMA for RRMM11. CARTITUDE-1 trial:

• 83% CR
• Estimated 62% OS at 5 years

(This 5-year OS is supported by published long-term
follow-up in 2023–2024 updates.)

7. Aucatzyl (obecabtagene autoleucel)

Targets CD19 for adult relapsed or refractory B-cell
ALL, approved in late 202424. FELIX trial:

• 77% CR
• ∼ 70% 1-year OS

Real-world data are not yet available.
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Challenges of CAR-T Cell Therapy

Negative side effects and high cost are among the two biggest
challenges facing CAR-T therapy. Additionally, relapse can
occur when the cancer cells stop expressing the target antigen
and “hide” from the therapy10,15, a problem known as anti-
gen escape10. Perhaps the most difficult challenge, though, is
expanding the technology so that it can effectively treat solid
tumor cancers as well16,17.

Adverse Effects

An estimated majority of patients receiving CAR-T infusions
experience some degree of treatment-related toxicity14. The
most common reaction is Cytokine release syndrome (CRS),
where the CAR-T cells activate so strongly that they trig-
ger large, rapid cytokine release. CRS can cause fever, fa-
tigue, low blood pressure, and, in more severe cases, oxy-
gen needs or difficulty breathing14. Another major toxic-
ity is immune effector cell-associated neurotoxicity syndrome
(ICANS), which can lead to confusion, tremors, or seizures14.

Most CRS and ICANS cases are manageable with standard
interventions such as tocilizumab and corticosteroids, but in a
subset of patients, the reaction is more serious. Severe toxic-
ity occurs in roughly 10–30% of treated individuals, and early
mortality related to toxicity occurs in approximately 3–7% of
cases across studies and products14. Other complications—
such as prolonged low blood counts or infections—occur less
frequently but remain important considerations in the manage-
ment of CAR-T recipients14.

Antigen Escape

Relapse due to tumor antigen escape is a major reason CAR-T
therapy can ultimately fail10. After CAR-T cells initially kill
the vast majority of cancer cells that display the target antigen
(like CD19 or BCMA), a small subpopulation of tumor cells
may survive because they already expressed low levels of the
antigen or because they down-regulate its expression follow-
ing therapy10,16. These surviving ‘antigen-negative’ clones
expand, leading to relapse.

In B-ALL, studies report that 30–60 % of relapses after
CAR-T therapy lack CD19 on the cell surface10. In multiple
myeloma treated with BCMA-targeted CAR-T, 20–50 % of
relapses involve tumor clones with minimal or absent BCMA
on the surface10. This occurs because tumors are not uniform;
they contain many different clones, and the ones that lose the
target gain the advantage for survival once the CAR-T cells
are active.

To address this, researchers are developing dual target
CAR-T cells (for example, CD19 + CD22 or BCMA +
GPRC5D) that attack two antigens simultaneously to prevent

antigen escape. Early studies of these next-generation, multi-
antigen CAR-T cells report dramatically reduced relapse rates
and very high remission rates, sometimes exceeding 90% in
early phase trials17.

Manufacturing Costs

A major limitation of current CAR-T therapy is its high cost.
Because each CAR-T treatment is custom-made from the pa-
tient’s own cells, production takes 2–6 weeks and typically
costs $373,000–$475,000 per treatment, not including hospi-
talization and supportive care15. Administration is highly spe-
cialized, and only a limited number of certified centers world-
wide are equipped to offer it, restricting accessibility to treat-
ment, particularly in lower-income regions9,15. Additionally,
manufacturing failures occur in some 5–20 % of cases, further
contributing to the cost burden15. To address these challenges,
researchers are developing allogeneic (“off-the-shelf”) CAR-
T products that are made from healthy donor T cells rather
than the patient’s own17. Point-of-care manufacturing tech-
nologies are also being tested to produce CAR-T products di-
rectly at hospitals, which could potentially shorten production
time and reduce cost. These advances may make CAR-T ther-
apy more widely available in the future17.

Next Generation CAR-Ts

While blood cancers represent only a small percentage of
overall cancer worldwide, they are uniquely suited to CAR-
T therapy because malignant cells circulate in blood, bone
marrow, and lymphoid tissues, where T cells can easily reach
them16. By contrast, solid tumor cancers build fibrinogen and
collagen walls and immunosuppressive microenvironments
that block T-cell infiltration16,17.

Efforts to expand CAR-T technology to solid tumors are
focused on strategies that help CAR-T cells infiltrate the tu-
mor and weaken the surrounding micro-environment so that
the CAR-T cells can penetrate, survive, and ultimately kill the
cancer cells17. These include:

• “Armoured CAR-T cells”, which are engineered to se-
crete cytokines or enzymes that can damage the tumor
wall

• Multi-antigen CAR-T cells, engineered to recognize mul-
tiple tumor antigens simultaneously to counteract antigen
heterogeneity and escape.

• CAR-T cells with checkpoint-resistant designs, such as
PD-1 knockout constructs.

These next-generation designs aim to overcome the biologi-
cal barriers that have historically limited the success of CAR-T
therapies in solid tumors17.
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Autoimmune Diseases

CAR-T therapy is now being investigated as a treatment for
autoimmune diseases, where the immune system mistakenly
attacks the body’s own tissues and causes conditions like lu-
pus and multiple sclerosis18. Early results (2024–2025) show
dramatic B-cell depletion and long-lasting remission with far
milder side effects than in cancer patients18. In one mul-
ticenter German study, fifteen patients with severe autoim-
mune conditions (including systemic lupus erythematosus, id-
iopathic inflammatory myositis, and systemic sclerosis) re-
ceived low-dose CD19-targeted CAR-T therapy. Patients with
lupus in this cohort achieved complete remission and were
able to discontinue immunosuppressive medications, with re-
mission sustained for more than a year in published follow-
up18.

Similar early signals of deep, durable remission have been
reported in small exploratory studies of multiple sclerosis,
pemphigus, and inflammatory myopathies18,19. Notably, au-
toimmune CAR-T patients experience far milder side effects
than cancer patients because the required CAR-T dose is lower
and inflammatory tumor burden is absent. These compelling
early results have prompted the rapid expansion of clinical
trials investigating CAR-T therapy across numerous autoim-
mune conditions18.

Ongoing Trials of Interest

Solid tumor cancers and autoimmune diseases currently have
no FDA-approved CAR-T indications, but early phase 1/2
studies show initial promise. Diffuse Intrinsic Pontine Glioma
(DIPG) is a rare, aggressive pediatric brain tumor that af-
fects children aged 5-9, and is one of the earliest solid-tumor
applications. In an ongoing trial (NCT04196413), children
with H3K27M-mutant diffuse midline gliomas receive GD2-
targeted CAR-T therapy delivered into the cerebrospinal fluid.
Early results show meaningful tumor shrinkage in a majority
of patients along with evidence of CAR-T trafficking into the
central nervous system20.

Autoimmune applications are also advancing rapidly. A
CD19-directed CAR-T trial for systemic lupus erythemato-
sus (NCT03030976) reported complete remission in all treated
lupus patients in early cohorts, with the ability to discon-
tinue all immunosuppressive therapy and remain in remission
for over a year18. These findings were later expanded in
a 15-patient multicenter study that included lupus, myositis,
and systemic sclerosis patients18. Allogeneic “off-the-shelf”
CAR-T therapies are also making progress. The ALPHA2
trial (NCT04416984), which tests the allogenic CD19 CAR-T
product ALLO-501A for relapsed large B-cell lymphoma, has
shown early overall response rates around 50%-70%, helping
to address manufacturing delays and cost20.

Solid-tumor trials continue to broaden. Multiple phase 1
studies are investigating HER2-targeted, MUC1-targeted, and
mesothelin-targeted CAR-Ts for breast cancer, pancreatic can-
cer, and epithelial tumors. Armored and multi-antigen CAR-T
cells appear promising in early study readouts16,17.

As of 2025, more than 1,400 CAR-T trials are active glob-
ally, with major areas of emphasis including dual-targeting,
armored CAR-T designs, allogenic platforms, and combina-
tion therapies (such as CAR-T with PD-1 inhibitors)20. These
developments illustrate the rapidly evolving efforts to expand
CAR-T therapy into the diseases that currently lack curative
treatments.

Discussion

Both chemotherapy and hematopoietic stem cell transplant
(HSCT) have been successful in treating some oncology pa-
tients; however, in CAR-T cell therapy, the chance of healthy
cells being attacked by drugs (as can happen in chemotherapy)
is greatly reduced, and rejection is not a possibility because
CAR-T uses the patient’s own T cells, not donor cells3. As
with any treatment, there are risks. CAR-T therapy can cause
cytokine release syndrome (CRS), neurotoxicity, infection, fa-
tigue, and other adverse effects14.

As shown in the results, CAR-T cell therapy is still rela-
tively new, with most approved products based on phase I/2
or single-arm phase 2 studies1. Yet these studies have pro-
duced remarkable remission rates—often 40% to over 80% in
patients who had no other options. These outcomes are par-
ticularly notable because the patients enrolled in these trials
had relapsed or refractory disease with very poor prognoses.
Unfortunately, as with all powerful immunotherapies, serious
adverse effects can occur. CRS and ICANS remain the most
common toxicities. Although most cases are manageable, ap-
proximately 10-30% are severe, and early mortality related to
toxicity occurs in a small subset of patients (3–7%)14.

One benefit of reviewing the CAR-T literature is the oppor-
tunity to understand just how dramatically effective this ther-
apy can be across various blood cancers, especially in cases
where no viable options remain10. However, an important
limitation in comparing CAR-T studies is the heterogeneity
across clinical trial designs —different follow-up times, dos-
ing strategies, conditioning regimens, lymphodepletion proto-
cols, patient populations, and response definitions17. Because
of this variability, direct comparisons between CAR-T prod-
ucts are difficult, as are cross-trial conclusions17.

Another major limitation is cost. Because CAR-T therapy
is highly personalized and custom-manufactured for each pa-
tient, a single treatment costs $373,000–$475,000 (plus hospi-
talization), putting it out of reach for many patients and health-
care systems15. This high price, combined with the need
for specialized centers, severely limits global access8,15. De-
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spite these challenges, CAR-T has already transformed out-
comes for thousands of patients with relapsed or refractory
blood cancers and is now expanding into autoimmune diseases
and, more slowly, solid tumors18,19. Early studies in systemic
lupus erythematosus and other autoimmune conditions have
demonstrated high remission rates with relatively mild toxic-
ity, suggesting a potentially broader role for CAR-T outside
oncology18.

Ongoing research is focused on next-generation CAR-T de-
signs that reduce relapse, limit toxicity, and expand applicabil-
ity to difficult-to-treat diseases. These strategies include dual-
antigen targeting to prevent antigen escape, armored CAR-T
cells engineered to overcome the immunosuppressive tumor
microenvironment, off-the-shelf allogenic CAR-T products to
reduce cost and manufacturing time, and combination ther-
apies with immune checkpoint inhibitors. With more than
1,400 clinical trials in progress worldwide, CAR-T cell ther-
apy is rapidly evolving from a last-resort option into a poten-
tially standard curative option for many currently incurable
diseases20.

Conclusion

Although CAR-T cell therapy is still in relatively early stages
of clinical application, it has already demonstrated the poten-
tial to benefit countless patients1. As of 2025, seven FDA-
approved CAR-T treatments are commercially available for
a variety of relapsed and refractory B-cell malignancies that
were previously considered incurable. The dramatic success
achieved in these diseases has driven major research and de-
velopment efforts aimed at expanding the use of CAR-T tech-
nology10.

More than 1,400 ongoing clinical trials are now evaluating
next-generation CAR-T products that use strategies such as
dual-antigen targeting, armored CAR designs, and allogeneic,
off-the-shelf products to improve specificity, reduce adverse
effects, lower cost, and extend efficacy to solid-tumor cancers
and autoimmune diseases.

This review has outlined what CAR-T cell therapy is, how it
works, the landmark trials that led to its approval, current real-
world outcomes, major challenges, and future directions. Can-
cer affects millions of individuals, families, and communities
worldwide every year, regardless of background12,13. CAR-T
cell therapy offers real hope that many of these patients, es-
pecially those who have exhausted all other treatment options,
may one day achieve long-lasting remission or even be cured
with a single, personalized treatment1.
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Table 1 Summarizing selected active trials that highlight emerging applications of CAR-T therapy.
Trial Name Phase Targets Cancer/Disease Design/Goal Sponsor/Status Est.

Com-
pletion

NCT04196413
(GD2-CAR for
DIPG/DMG)

1/2 GD2 Pediatric dif-
fuse midline
glioma/DIPG

GD2 CAR-T deliv-
ered intracranially to
overcome CNS bar-
riers

Baylor College of
Medicine / Recruit-
ing

2026

NCT03030976
(CD19-CAR for SLE)

1/2 CD19 Autoimmune
(systemic lupus
erythematosus)

CD19 CAR-T for B-
cell depletion; re-
mission in 100% lu-
pus cohort

Charité–
Universitätsmedizin
Berlin / Recruiting

2027

NCT04416984
(ALLO-501A for
LBCL – ALPHA2)

1 CD19
(allo-
geneic)

Relapsed/ refractory
large B-cell lym-
phoma

Off-the-shelf CD19
CAR-T to address
manufacturing de-
lays and improve
access

Allogene Therapeu-
tics / Recruiting

2026

NCT05239143 (P-
MUC1C-ALLO1
CAR-T)

1 MUC1-
C

Solid tumors
(breast, lung, pan-
creatic, ovarian,
etc.)

Allogeneic CAR-T
targeting MUC1-C;
armored design

WindMIL/ Poseida/
Recruiting

2028

NCT05567741
(CD22 CAR-T for
B-ALL after CD19
loss)

2 CD22 B-ALL following
CD19-negative
relapse

CD22 CAR-T to
overcome antigen
escape after prior
CD19 therapy

National Cancer In-
stitute/ Recruiting

2026

NCT05041257
(CD70 CAR-T for
RCC)

1/2 CD70 Renal cell carci-
noma

CD70-targeted
CAR-T for RCC

Memorial Sloan
Kettering/ Recruit-
ing

2027

NCT04916800 (IL-
1RA Armored CD19
CAR-T)

1 CD19 +
IL-1RA

Autoimmune dis-
eases (incl. lupus
nephritis)

Armored CAR-T se-
creting IL-1 receptor
antagonist to reduce
inflammatory toxic-
ity

Horizon Therapeu-
tics/Recruiting

2028

NCT05399480
(HER2 CAR-T for
solid tumors)

1 HER2 HER2-positive ad-
vanced solid tumors

HER2 CAR-T with
cytokine-secreting
enhancements

City of Hope / Re-
cruiting

2027

NCT05274451
(Multi-antigen CAR-
T for pancreatic
cancer)

1 MUC1
+ HER2

Pancreatic adeno-
carcinoma

Dual MUC1/HER2
CAR with PD-1-
modified signaling

Fred Hutchinson
Cancer Center /
Recruiting

2027
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