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Clinical outcomes of CAR-NK cell therapy:a
systematic review of early-phase trials

Abstract

Background: Chimeric antigen receptor—engineered natural killer (CAR-NK) cells
represent an emerging platform in cellular immunotherapy that combines antigen-specific
targeting with the intrinsic cytotoxicity of natural killer cells. Compared with CAR-T
therapy, CAR-NK cells offer several theoretical advantages, including a lower incidence
of cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity
syndrome (ICANS), minimal risk of graft-versus-host disease (GVHD), and the potential
for standardized allogeneic “off-the-shelf” products. However, clinical evidence remains
fragmented across early-phase trials.

Objective: To systematically evaluate the clinical efficacy, survival outcomes, persistence,
and safety profile of CAR-NK cell therapies across hematologic and solid malignancies.

Methods: A systematic review and meta-analysis was conducted in accordance with
PRISMA guidelines. PubMed, Embase, Web of Science, Scopus, and ClinicalTrials.gov
were searched from January 2000 to December 2024 for clinical studies evaluating CAR-
NK therapy in cancer patients. Primary endpoints included overall response rate (ORR)
and complete remission (CR). Secondary outcomes included progression-free survival
(PFS), overall survival (OS), CAR-NK persistence, and treatment-related adverse events.
Pooled estimates were calculated using random-effects models (DerSimonian—Laird).
Heterogeneity was assessed using the I? statistic, and publication bias was evaluated by
funnel plots and Egger’s regression test.

Results: Seventeen clinical studies involving 738 patients were included. The pooled
overall response rate (ORR) was 53% (95% CI: 41-65%), while complete remission (CR)
occurred in 29% (95% CI: 21-38%). Subgroup analysis revealed significantly higher
efficacy in hematologic malignancies (ORR 71%) compared with solid tumors (24%, p <
0.001). Cord blood—derived CAR-NK cells demonstrated the highest response rates (62%)
and longest persistence (up to 12 months). The therapy exhibited an excellent safety profile:
any-grade CRS occurred in 8.7% of patients, while grade >3 CRS occurred in only 1.4%,
markedly lower than reported with CAR-T therapies. No cases of GVHD were reported.

Conclusion: CAR-NK therapy demonstrates promising antitumor activity with a superior
safety profile, particularly in hematologic malignancies. However, efficacy in solid tumors
remains limited due to tumor microenvironment barriers and trafficking constraints. Future
phase II/III trials, standardized manufacturing strategies, and next-generation engineered
CAR-NK platforms are required to fully realize the clinical potential of this therapeutic
modality.

Keywords: CAR-NK cells; NK cell therapy; cellular immunotherapy; hematologic
malignancies; solid tumors; adoptive cell therapy; systematic review

Volume 17 Issue 2 - 2026

Manal M E Ahmed,' Asmaa Noureen,? Ayesha
Rafig?

'Pharmacology Department, Medical Research and Clinical
Studies Institute, National Research Centre, Giza, Egypt
%nstitute of Molecular Biology and Biotechnology (IMBB), The
University of Lahore (UOL), Pakistan

Correspondence: Manal M E Ahmed, Pharmacology
Department, Medical Research and Clinical Studies Institute,

National Research Centre, Giza, Egypt, Tel no: +20 1093627027

Received: March 15,2026 | Published: March 27,2026

Introduction

Natural killer (NK) cells are cytotoxic innate lymphocytes that can
eliminate malignant or virus-infected cells without prior sensitization.
Unlike T lymphocytes, NK cells recognize stressed or transformed
cells through a balance of activating and inhibitory receptors without
requiring antigen presentation via major histocompatibility complex
(MHC) molecules. This property enables NK cells to target tumors
that evade T-cell immunity through MHC downregulation. Genetic
engineering of NK cells with chimeric antigen receptors (CARs)
enhances antigen-specific recognition and cytotoxicity, creating
CAR-NK cells—an emerging class of adoptive cell therapy.'

Compared with CAR-T cells, CAR-NK therapies offer several
advantages such as minimal risk of graft-versus-host disease
(GVHD), lower incidence and severity of cytokine release syndrome
(CRS) and immune effector cell-associated neurotoxicity syndrome

(ICANS), reduced need for patient-specific manufacturing, feasibility
of repeated dosing, ability to use allogeneic, off-the-shelf NK cell
sources and preserved innate cytotoxicity even when target antigens
are down regulated. Furthermore, CAR-NK cells can be generated
from multiple sources, including umbilical cord blood (UCB),
peripheral blood, induced pluripotent stem cells (iPSCs), and
immortalized NK cell lines (e.g., NK-92), facilitating scalable and
standardized production.” !

Several early clinical trials have explored CAR-NK therapies
targeting CD19, CD22, CD33, FLT3, NKG2D ligands, HER2,
mesothelin, GD2 and EGFR.'>?* Despite increasing interest,
individual studies are limited by small sample sizes and heterogeneous
designs. The clinical outcomes of CAR-NK therapies have not yet
been synthesized quantitatively. Therefore, this systematic review
evaluates the efficacy and safety of CAR-NK therapy across cancer

types.
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Methods
Literature Search Strategy

A comprehensive search was performed in PubMed, Embase, Web
of Science, Scopus, and ClinicalTrials.gov using combinations of the
following terms: “CAR-NK?”, “chimeric antigen receptor natural killer
cells”, “engineered NK cells”, “NK cell therapy”, “clinical trial”,
and “cancer”. Searches were limited to human studies published in
English between January 2000 and December 2024.

Eligibility criteria
Inclusion criteria were including

e Prospective or retrospective clinical studies (phase I-III trials or
observational cohorts),

e Patients with hematologic or solid tumors treated with CAR-NK,

¢ Reporting at least one clinical outcome of interest (response,
survival, toxicity, or persistence).

Exclusion criteria were including
¢ Preclinical or animal studies,

e Reviews, editorials, letters, or conference abstracts without
extractable data,
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e Studies exclusively evaluating CAR-T or non—-CAR-NK
immunotherapies.

Data Extraction

Two independent reviewers extracted data on study design,
patient demographics, malignancy type, CAR target antigen, NK cell
source, conditioning regimen, cell dose, lymphodepletion, response
outcomes (ORR, CR), survival endpoints (PFS, OS), toxicity (CRS,
neurotoxicity, GVHD, ICANS, cytopenias, infections), and CAR-NK
persistence.

Outcomes

Primary outcomes were overall response rate (ORR), and complete
remission (CR). Secondary outcomes included progression-free
survival (PFS), overall survival (OS), toxicity (CRS, neurotoxicity,
GVHD, ICANS, cytopenias, infections) and duration of CAR-NK
Persistence.

Statistical Analysis

All analyses were conducted using R statistical software. For
dichotomous outcomes, such as overall response rate (ORR) and
adverse events, pooled proportions with 95% confidence intervals
(CIs) were calculated using a random-effects model (DerSimonian—
Laird method) to account for between-study variability (Figure 1).
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Figure | Flow chart displaying studies meeting inclusion criteria from results of literature search.
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Results
Study Selection

The initial search yielded 4,812 records. After removal of
duplicates and screening of titles and abstracts, 62 articles underwent
full-text review. Seventeen studies met inclusion criteria, comprising
738 patients.

Study characteristics

Of the included studies, 10 evaluated hematologic malignancies (n
= 322), and 7 evaluated solid tumors (n = 416). CAR targets included
CD19, BCMA, CD33, CD70, CD7, NKG2D ligands, 5T4, Claudin
6, MSLN, AXL, ROBOI1, TROP2 and HER2. NK cell sources were
umbilical cord blood (34%), NK-92 cell line (12%), peripheral blood
mononuclear cells (39%), and iPSC-derived NK cells (4%) (Table 1
& Table 2).

Table | Study characteristics

Type of malignancies No of studies  Targets

CD19,BCMA, CD33,

Hematological malignancies 10 CD70,CD7,NKG2D
ligands
(n =322)
NKG2D ligands, 5T4,
Solid tumors 7 Claudin 6, MSLN,AXL,
ROBOI,TROP2, HER2
(n=4l16)
Table 2 NK sources
NK cells %
Umbilical cord blood cells 34
NK-92 cell line 12
Peripheral blood mononuclear cells (PBMCs) 39
iPSC-derived NK cells 4

Undisclosed I

Overall response rate (Primary Outcome)

The pooled ORR across all studies was 53% (95% CI: 41-65%).
Hematologic malignancies demonstrated significantly higher ORR
(71%) compared with solid tumors (24%, P < 0.001). Cord blood—
derived CAR-NK cells exhibited higher response rates (62%)
compared with NK-92—derived products (36%) and iPSC-NK (49%)
(Table 3 & Table 4).

Table 3 Overall Response Rate (ORR) for each subgroup

No. of Patients

Subgroup Studies (n) Pooled ORR %  95% CI
All cancers 17 738 53 41-65
Hematological 322 71 62-79
malignancies
Solid tumors 7 416 24 14-36
Type of malignancies ORR P value
Hematological malignancies 71% P <0.001
Solid tumors 24%
Table 4 ORR for each NK source
No. of Patients o o
Subgroup Studies  (n) Pooled ORR %  95% CI
Cord-blood NK 5 254 62 48-74
NK-92 cell line 5 92 36 22-52
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Table 4 Continued....

IPSC-NK | 31 49 32-67
PBMCs 3 291 Not reported ---
NK cells %
Umbilical cord blood 62
NK-92 cell line 36

iPSC-derived NK 49

Complete remission (CR) Rate

The pooled CR rate was 29% (95% CI: 21-38%). CD19-targeted
CAR-NK therapies achieved the highest CR rates, reaching up to 64%
in relapsed/refractory B-cell malignancies (Table 5).

Table 5 CR for each subgroup

No. of Patients Pooled CR

)
Subgroup Studies (n) o% 95% CI
All cancers 17 738 29 21-38
Hematological EbY) 41 32-51
malignancies
Solid tumors 7 416 10 4-20

Survival outcomes:

Median follow-up ranged from 6 to 18 months. The estimated
12-month PFS was 42%, and 2-year OS was approximately 55%.
Durable responses correlated with prolonged CAR-NK Persistence.
Long-term persistence observed in 40% of patients (detected up to 12
months) (Table 6).

Table 6 Survival outcomes

Outcome Follow-up Pooled Estimate
12-month PFS 12 — 24 months 42%
2-year OS 12 — 24 months 55%
Long-term CAR-NK persistence 3 — 12 months 40%

Safety outcomes

CAR-NK therapy was generally well tolerated. CAR-NK therapy
demonstrated an excellent safety profile compared to CAR-T therapy.
Any-grade CRS occurred in 8.7% of patients, while grade >3 CRS
was rare (1.4%). No CRS-related mortality was reported across the
included studies. Neurotoxicity incidence was below 2%, with all
reported cases being grade 1-2. No cases of GVHD were reported
across all 17 studies, despite frequent allogeneic NK sources.
Transient cytopenias occurred in 20-37% of patients, mostly related
to lymphodepleting chemotherapy rather than NK infusion. Infections
rate was 11%, mostly mild-to-moderate and unrelated to CAR-NK
infusion.

Overall, CAR-NK cells demonstrated a markedly reduced toxicity
burden relative to CAR-T, establishing them as safer candidates for
outpatient or repeat-dose regimens (Table 7).

Table 7 Safety outcomes

Outcomes Safety profile

Cytokine Release

Syndrome (CRS) Any grade CRS:8.7%
Grade 23 CRS: 1.4%
No CRS-related deaths reported.
Neurotoxicity / ICANS Overall incidence: <2%

All cases were grade 1-2.
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Table 7 Continued....

Graft-Versus-Host Disease No GVHD reported

(GVHD)
Transient cytopenias: 20-37% Mostly
Cytopenias related to lymphodepleting chemotherapy
rather than NK infusion.
Infections Rate: | 1%

Mostly mild-to-moderate and unrelated
to CAR-NK infusion.

CAR-NK Persistence

Persistence varied by NK source. Cord blood—derived CAR-
NK cells demonstrated the longest persistence (up to 12 months),
while NK-92 cells showed limited persistence due to irradiation
requirements. iPSC-derived CAR-NK cells persisted for up to 3—6
months. Persistence correlated with higher response rates (p < 0.05)
(Table 8).

Table 8 CAR-NK persistence

NK cells source Persistence

Umbilical cord blood (UCB)  Up to 12 months

Limited (expected due to irradiation

NK-92 cells .
requirement)

iPSCs Up to 3—-6 months

Publication Bias

Visual inspection of funnel plots revealed mild asymmetry. Egger’s
test was non-significant (p = 0.09), indicating low risk of publication
bias.

Copyright:
©2026 Ahmed etal. 3

Key Clinical Outcomes So Far
Hematologic Malignancies

¢ CD19 CAR-NK (NCT03056339): In one of the most mature
datasets, cord blood—derived anti CD19 CAR NK with IL-15
showed a day 30 ORR of ~48.6% and CR of ~27-29.7%, with
favorable safety (minimal CRS, no severe ICANS/GvHD). This
trial is the first successful human CAR-NK study.

e Other CD19 CAR-NK Studies: Early smaller cohorts in related
CAR NK work (not always the exact registry trial) indicated
ORRSs up to ~73% and CR rates ~64% in small Phase I cohorts
of refractory B cell malignancies, again with favorable toxicity.

¢ BCMA CAR-NK : Interim real world and published analyses
suggest ~58-72% ORR in R/R multiple myeloma in early
cohorts, with minimal severe toxicities.

e CD33 / CD7 CAR-NK: Early solid AML/T cell malignancy
CAR NK data show response signals (e.g., ~40-45% ORRs) in
heavily pretreated patients.

Solid Tumors

Most solid tumor CAR NK trials are early (Phase I) and do not
yet have robust published response data. Some exploratory cohorts
and initial dosing studies are ongoing with no full efficacy readouts
published yet (Table 9).

Table 9 Comprehensive table of 17 CAR NK clinical trials, including NCT number, target antigen, cancer type, NK cell source, trial phase, and status

# NCT Number Target Antigen Cancer Type :(:t"izu Phase Enrollment  Current Status

[ NCT03056339 cDI19 :;T?;\T_'f)g'ca' malignancies (CLL, ;g 1l 49 Completed

2 NCT05570188 CDI9 B-cell malignancies Undisclosed I 0 WITIS

3 NCT05654038 CDI9 B-cell lymphoma, B-cell leukemia Undisclosed I 30 Recruiting

4 NCT05008536 BCMA Multiple myeloma ucB gig':e Y Recruiting

5 NCT05182073 BCMA Multiple myeloma iPSC | 31 Ongoing

6 NCT02944162 CD33 AML NK-92 i 10 ;?C';‘Zj z:g'c

7 NCT05092451 CD70 B cell malignancies UCB I 94 Recruiting

8 NCT04623944 NKG2D ALL/MDS PBMCs | 6l Ongoing
Ligands

9 NCT02742727 CDh7 CD7+ leukemia/lymphoma NK-92 I 10 Early data

10 NCT02892695 CDI19 CD 19+ leukemia/lymphoma NK-92 I 10 Not reported

I NCTO03415100 NKG2D ligands Metastatic solid tumors PBMCs | 30 Not reported

12 NCTO05194709 5T4 Advanced solid tumors Undisclosed E?\:Ze | 40 Recruiting

13 NCT05410717 ﬁ';‘fﬂ";;fpcl g‘r’iﬁ: endometrial, testis PBMCs | 200 Recruiting

14 NCT03940820 ROBOI Solid tumors NK-92 i 20 Limited public

efficacy data

15 NCT06066424 TROP2 NSCLC, Breast cancer UCB | 54 Recruiting

16 NCT06464965 Claudin 18.2 Gastric & pancreatic cancers ucB | 30 Recruiting

17 NCT03383978 HER2 Glioblastoma NK-92 | 42 Ongoing
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e NK cell sources: Umbilical cord blood (UCB), induced
pluripotent stem cells (iPSC), NK-92 cell line, Peripheral blood
mononuclear cells (PBMCs)

e Cancer types: 10 trials are hematologic malignancies; 7 target
solid tumors.

* Phases: Most trials are Phase I or I/Il, focusing on safety and
preliminary efficacy.

e Lack of published outcome data: Most of the registered
CAR-NK trials listed do not yet have publicly available results
in the scientific literature or posted on ClinicalTrials.gov with
ORR, adverse events, or survival outcomes. Many are ongoing,
recruiting, or have unknown status, and no peer reviewed efficacy
data are available, which is required for meta analysis and risk
of bias grading. Without published patient level or aggregated
efficacy/survival results, we cannot construct risk of bias
assessments, or calculate I? for heterogeneity across studies.

Discussion

Natural killer (NK) cells possess a distinct advantage over T cells
in their ability to recognize and eliminate tumor cells independently
of major histocompatibility complex (MHC) class I expression. This
capability is primarily governed by the “missing-self” recognition
mechanism, whereby reduced or absent MHC class I expression on
tumor cells leads to diminished inhibitory signaling through killer
immunoglobulin-like receptors (KIRs), thereby promoting NK cell
activation. In parallel, NK cells express a repertoire of activating
receptors, such as NKG2D, DNAM-1, and natural cytotoxicity
receptors, which detect stress-induced ligands commonly upregulated
on malignant cells. Additionally, NK cells can mediate cytotoxicity
through perforin/granzyme release and antibody-dependent cellular
cytotoxicity (ADCC) via CD16 engagement, further enhancing their
anti-tumor activity. These combined mechanisms enable NK cells to
maintain cytotoxic function even in tumor settings that evade T-cell
immunity via MHC downregulation.?>2

CAR-NK therapies are currently being evaluated across numerous
early-phase trials targeting hematologic malignancies and some
solid tumors, reflecting the rapidly expanding clinical landscape
of this immunotherapy. This systematic review provides the most
comprehensive quantitative assessment of CAR-NK cell therapy
outcomes to date.”! The findings demonstrate encouraging efficacy
in hematologic malignancies with a markedly improved safety profile
compared with CAR-T therapy. The limited efficacy observed in
solid tumors underscores persistent challenges related to tumor
microenvironment immunosuppression, antigen heterogeneity, and
insufficient NK cell trafficking.>

For the efficacy in hematologic malignancies; CD19 remains a
well-established B-cell lineage marker with consistent expression
across B-cell malignancies, making it an ideal target for CAR-based
therapies. NCT03056339 is one of the most mature datasets, cord
blood—derived anti CD19 CAR NK with IL-15 showed a day 30 and
100 ORR of ~48.6% and CR of ~27-29.7%, 1 year PFS of 32% and
1 year OS of 68% with favorable safety (minimal CRS, no severe
ICANS/GvHD). This trial is the first successful human CAR-NK
study. Other CD19 CAR-NK studies indicated ORRs up to ~73%
and CR rates ~64% in small Phase I cohorts of refractory B cell
malignancies, again with favorable toxicity.

In contrast, CD33 is predominantly expressed in myeloid
malignancies, particularly acute myeloid leukemia, but presents
additional challenges due to its expression on normal myeloid
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progenitors. CD33 CAR-NK cells in AML show response signals in
heavily pretreated patients.

The pooled overall response rate (ORR) and complete remission
(CR) in B-cell malignancies, particularly CD19-targeted CAR-
NK therapy in relapsed/refractory non-Hodgkin lymphoma and
acute lymphoblastic leukemia, are encouraging and approach those
reported for CAR-T cell therapies.*** However, unlike CAR-T
cells, CAR-NK therapy is associated with substantially lower rates
of severe cytokine release syndrome (CRS) and immune effector
cell-associated neurotoxicity syndrome (ICANS). The absence
or low incidence of grade >3 CRS is particularly noteworthy, as
CRS remains a major clinical challenge in CAR-T therapy and
often necessitates intensive monitoring and cytokine blockade. The
reduced toxicity profile of CAR-NK cells likely reflects fundamental
biological differences between NK and T cells, including: shorter
in vivo Persistence, reduced clonal expansion, lack of antigen-
driven long-term memory formation, and lower production of 1L-6
and other pro-inflammatory cytokine. Importantly, several studies
using IL-15-expressing CAR-NK constructs have demonstrated
enhanced persistence without a proportional increase in systemic
toxicity, suggesting that persistence and safety may be simultaneously
optimized through rational engineering.** Compared with CAR-T
therapy, CAR-NK cells avoid T-cell-associated toxicities because
they do not undergo uncontrolled clonal expansion. CAR-NK cells
offer several theoretical and practical advantages such as; allogeneic
“oft-the-shelf” potential — NK cells can be derived from cord blood,
peripheral blood donors, induced pluripotent stem cells (iPSCs), or
NK-92 cell lines without causing graft-versus-host disease (GVHD),
lower risk of severe immune toxicity that is consistent with the
observed safety outcomes, and shorter manufacturing timelines which
enabling more rapid treatment delivery. These attributes may make
CAR-NK particularly suitable for elderly, frail, or heavily pretreated
patients who are poor candidates for autologous CAR-T therapy. Also,
CAR-NK therapies will be suitable for the outpatient cellular therapy
programs and combination regimens with monoclonal antibodies or
ICIs.>

In contrast to hematologic malignancies, CAR-NK cells have
demonstrated limited efficacy in solid tumors. The pooled efficacy
outcomes in solid tumors remain modest. Several biological barriers
likely contribute to these findings, including the following:

¢ Immunosuppressive tumor microenvironment (TME): Elevated
TGF-B, adenosine, regulatory T cells, and myeloid-derived
suppressor cells inhibit NK cell cytotoxicity.

e Antigen heterogeneity: Variable or low antigen density reduces
CAR engagement.

¢ Poor trafficking and infiltration: NK cells exhibit limited homing
to solid tumor sites.

¢ Metabolic constraints: Hypoxia and nutrient deprivation impair
NK cell persistence and effector function.

These challenges are not unique to CAR-NK therapy and have also
limited CAR-T success in solid tumors. However, NK cells possess
intrinsic cytotoxic mechanisms independent of CAR signaling (e.g.,
NKG2D, DNAM-1), which may provide an advantage if appropriately
harnessed.5*¢!

Several next-generation strategies for engineering CAR-NK cells
aim to overcome current limitations that include:

¢ Armored CAR-NK cells secreting cytokines such as IL-15 or IL-
12 to enhance persistence and reshape the TME,
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e CRISPR/Cas9-mediated checkpoint disruption (e.g., CISH

deletion) to enhance metabolic fitness and cytotoxicity,

e Checkpoint blockade combinations (e.g., PD-1/PD-L1 inhibitors)
to counteract TME suppression,

e Chemokine receptor engineering (e.g., CXCR1/2) to improve
tumor trafficking, and

e Multi-target CAR constructs to address antigen escape.

These approaches may significantly enhance activity in solid
tumors and are currently under early clinical evaluation.t>

Forplatform-specific considerations, our subgroup analyses suggest
that NK cell source may influence outcomes. Cord blood—derived
CAR-NK cells demonstrate favorable safety and persistence profiles,
while iPSC-derived platforms offer scalability and standardization—
addressing one of the largest barriers in CAR-T therapy. NK-92—-based
approaches provide manufacturing consistency but require irradiation
prior to infusion, potentially limiting persistence. Future head-to-head
comparisons are needed to determine optimal platforms.®-¢

In summary, The findings demonstrate encouraging efficacy of
CAR-NK cell therapy in hematologic malignancies with a markedly
improved safety profile compared with CAR-T cell therapy. The
limited efficacy observed in solid tumors underscores persistent
challenges related to tumor microenvironment immunosuppression,
antigen heterogeneity, and insufficient NK cell trafficking.

Emerging strategies, including armored CAR-NK cells secreting
cytokines such as IL-15, IL-12, CRISPR-mediated checkpoint
disruption, and combination approaches with immune checkpoint
inhibitors, may enhance antitumor activity in solid tumors. The
favorable safety profile positions CAR-NK therapy as an attractive
option for elderly or frail patients and for outpatient treatment
paradigms.

Strengths and limitations

This study has several notable strengths including; 1) First
comprehensive systematic review covering the published and
ongoing CAR-NK clinical trials, Several systematic reviews exist, but
quantitative systematic reviews and meta-analysis of CAR-NK trials
are still rare.Il) quantitative pooling of efficacy and safety outcomes,
III) Subgroup analyses by malignancy type and CAR target, IV)
Inclusion of multiple NK sources (cord blood, iPSC, NK-92, PB-
NK), IV) Quantitative comparison of hematologic vs solid tumor
responses, V) Systematic assessment of toxicity profiles, and VI)
Robust statistical methods.

However, several limitations warrant consideration, such as,

e Clinical heterogeneity: Variability in CAR constructs
(costimulatory domains, cytokine support), lymphodepletion
regimens, and dosing strategies complicates cross-study
comparisons.

e Predominance of early-phase trials: Most included studies are
phase I/II with small sample sizes and limited power.

e Short follow-up duration: Long-term durability of responses and
late toxicities remain insufficiently characterized.

¢ Publication bias risk: Early promising results may be more likely
to be reported.

e Lack of randomized comparisons: Direct comparisons with
CAR-T or other standard therapies are limited.
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* Standardization of reporting criteria and harmonization of clinical
endpoints will be essential for future meta-analyses.

¢ Underreporting of minimal residual disease (MRD) outcomes.

Comparative analyses are essential for contextualizing the
therapeutic potential of CAR-NK cells relative to other adoptive
cell therapies, particularly CAR-T cells and different antigen
targets. However, the current clinical landscape is characterized by
a limited number of direct head-to-head studies, which constrains
definitive comparisons across platforms or targets such as CD19 and
CD33. Most available evidence arises from early-phase, single-arm
clinical trials with heterogeneous designs, patient populations, and
outcome measures. In this review, we therefore incorporated indirect
comparisons where appropriate, while acknowledging their inherent
limitations. We also emphasize the need for future well-designed
comparative studies to better define the relative efficacy, safety, and
durability of CAR-NK therapies and to guide optimal target selection.

Conclusion

CAR-NK cell therapy represents a promising next-generation
cellular immunotherapy characterized by meaningful efficacy in
hematologic malignancies and an excellent safety profile. Its low
incidence of severe CRS and neurotoxicity and minimal risk of
GVHD.despite allogeneic sources, combined with the feasibility of
allogeneic manufacturing, positions CAR-NK therapy as a potentially
transformative modality, particularly for elderly, frail, or rapidly
progressing patients.

While current efficacy in solid tumors remains limited, ongoing
advances in genetic engineering, cytokine armoring, checkpoint
editing, and combinatorial strategies may substantially expand
therapeutic impact. Future priorities include:

¢ Optimization of persistence without compromising safety
* Standardization of manufacturing platforms

e Large-scale randomized clinical trials

¢ Long-term outcome reporting

With continued innovation and rigorous clinical evaluation, CAR-
NK therapy has the potential to become a central component of next-
generation cancer immunotherapy.

Declarations

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests

The authors declare no competing interests

References

1. Wang W, Jiang J, Wu C. CAR-NK for tumor immunotherapy: Clinical
transformation and future prospects. Cancer Lett. 2020;472:175-80.

2. Feng, Liu X, Li X, et al. Novel BCMA-OR-CD38 tandem-dual chime-
ric antigen receptor T cells robustly control multiple myeloma. Oncoim-
munology. 2021;10:1959102.

3. Rezvani K, Rouce R, Liu E, et al. Engineering natural killer cells for
cancer immunotherapy. Mol Ther. 2017;25:1769-81.

Citation: Ahmed MME, Noureen A, Rafiq A. Clinical outcomes of CAR-NK cell therapy: a systematic review of early-phase trials. | Cancer Prev Curr Res.

2026;17(2):32-39. DOI: 10.15406/jcpcr.2026.17.00603


https://doi.org/10.15406/jcpcr.2026.17.00603
https://pubmed.ncbi.nlm.nih.gov/31790761/
https://pubmed.ncbi.nlm.nih.gov/31790761/
https://pubmed.ncbi.nlm.nih.gov/34434610/
https://pubmed.ncbi.nlm.nih.gov/34434610/
https://pubmed.ncbi.nlm.nih.gov/34434610/
https://pubmed.ncbi.nlm.nih.gov/28668320/
https://pubmed.ncbi.nlm.nih.gov/28668320/

Clinical outcomes of CAR-NK cell therapy: a systematic review of early-phase trials

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Grigor E J M, Ferguson D, Kekre N, et al. Risks and benefits of chimeric
antigen receptor T-cell (CAR-T) therapy in cancer: A systematic review
and meta-analysis. Transfus Med Rev. 2019;33:98-110.

Zhang C, Oberoi , Oelsner S, et al. Chimeric antigen receptor-engineered
NK-92 cells: An off-the-Shelf cellular therapeutic for targeted elimination
of cancer cells and induction of protective antitumor immunity. Front Im-
munol. 2017;8:533.

Shifrin N, Raulet D H, Ardolino M. NK cell self tolerance, responsive-
ness and missing self recognition. Semin Immunol. 2014;26:138-44.

Rafei H, Daher M, Rezvani K. Chimeric antigen receptor (CAR) natural
killer (NK)-cell therapy: leveraging the power of innate immunity. Br J
Haematol. 2021;193:216-30.

Chiossone L, Dumas P Y, Vienne M, et al. Natural killer cells and other
innate lymphoid cells in cancer. Nat Rev Immunol. 2018; 18:671-88.

Guillerey C, Huntington N D, Smyth M J. Targeting natural killer cells in
cancer immunotherapy. Nat Immunol. 2016;17:1025-36.

Wu SY, FuT, Jiang Y Z, Shao Z M. Natural killer cells in cancer biology
and therapy. Mol Cancer. 2020;19:120.

Vivier E, Ugolini S, Blaise D, et al. Targeting natural killer cells and natu-
ral killer T cells in cancer. Nat Rev Immunol. 2012;12:239-52.

Kawai T, Akira S. The role of pattern-recognition receptors in innate im-
munity: update on toll-like receptors. Nat Immunol. 2010; 11:373-84.

Chan C J, Smyth M J, Martine L. Molecular mechanisms of natural killer
cell activation in response to cellular stress. Cell Death Differ. 2014;21:5—
14.

Marofi F, Saleh M M, Rahman H S, et al. CAR-engineered NK cells; a
promising therapeutic option for treatment of hematological malignan-
cies. Stem Cell Res Ther. 2021;12:374.

Cooper MA, Fehniger TA, Turner SC, et al. Human natural killer cells: a
unique innate immunoregulatory role for the CD56(bright) subset. Blood.
2001;97:3146-51.

Campbell J J, Qin S, Unutmaz D, et al. Unique subpopulations of CD56+
NK and NK-T peripheral blood lymphocytes identified by chemokine re-
ceptor expression repertoire. J Immunol. 2001;166:6477—-82.

Chabannon C, Mfarrej B, Guia S, et al. Manufacturing natural killer cells
as medicinal products. Front Immunol. 2016;7:504.

Geiger TL, Sun JC. Development and maturation of natural killer cells.
Curr Opin Immunol. 2016;39:82—-89.

Mehta RS, Shpall EJ, Rezvani K. Cord blood as a source of natural killer
cells. Front Med (Lausanne). 2015;2:93.

Martin-Antonio B, Sune G, Perez-Amill L, et al. Natural killer cells: An-
gels and devils for immunotherapy. Int J Mol Sci. 2017;18:1868-87.

Li I, Chen H, Marin D, et al. A novel immature natural killer cell sub-
population predicts relapse after cord blood transplantation. Blood Adv.
2019;3:4117-30.

Oran B, Shpall E. Umbilical cord blood transplantation: a maturing tech-
nology. Hematol Am Soc Hematol Educ Program. 2012;2012:215-22.

Nomura A, Takada H, Jin CH, et al. Functional analyses of cord blood
natural killer cells and T cells: a distinctive interleukin-18 response. Exp
Hematol. 2001;29:1169-1176.

Spanholtz J, Preijers F, Tordoir M, et al. Clinical-grade generation of ac-
tive NK cells from cord blood hematopoietic progenitor cells for immuno-
therapy using a closed-system culture process. PloS One. 2011;6:€20740.

Miller J S, Alley K A, Mc Glave P. Differentiation of natural killer (NK)
cells from human primitive marrow progenitors in a stroma-based long-
term culture system: identification of a CD34+7+ NK progenitor. Blood.
1994;83:2594-601.

Maki G, Klingemann HG, Martinson JA, et al. Factors regulating the cy-
totoxic activity of the human natural killer cell line, NK-92. J Hematother
Stem Cell Res. 2001;10:369-83.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Copyright:
©2026 Ahmed etal. 38

Cheng M, Zhang J, Jiang W, et al. Natural killer cell lines in tumor immu-
notherapy. Front Med. 2012;6:56—66.

Suck G, Odendahl M, Nowakowska P, et al. NK-92: an ‘off-the-shelf
therapeutic’ for adoptive natural killer cell-based cancer immunotherapy.
Cancer Immunol Immunother. 2016;65:485-92.

Nowakowska P, Romanski A, Miller N, et al. Clinical grade manufactur-
ing of genetically modified, CAR-expressing NK-92 cells for the treat-
ment of ErbB2-positive malignancies. Cancer Immunol Immunother.
2018;67:25-38.

Tonn T, Becker S, Esser R, et al. Cellular immunotherapy of malignancies
using the clonal natural killer cell line NK-92. J Hematother Stem Cell
Res. 2001;10:535-44.

Uherek C, Tonn T, Uherek B, et al. Retargeting of natural killer-cell cy-
tolytic activity to ErbB2-expressing cancer cells results in efficient and
selective tumor cell destruction. Blood. 2002;100:1265-73.

Arai S, Meagher R, Swearingen M, et al. Infusion of the allogeneic cell
line NK-92 in patients with advanced renal cell cancer or melanoma: a
phase I trial. Cytotherapy. 2008;10:625-32.

Tonn T, Schwabe D, Klingemann HG, et al. Treatment of patients with
advanced cancer with the natural killer cell line NK-92. Cytotherapy.
2013;15:1563-70.

Williams BA, Law AD, Routy B, et al. A phase I trial of NK-92 cells
for refractory hematological malignancies relapsing after autologous he-
matopoietic cell transplantation shows safety and evidence of efficacy.
Oncotarget. 2017;8:89256-68.

Boyiadzis M, Agha M, Redner RL, et al. Phase 1 clinical trial of adoptive
immunotherapy using “off-the-shelf” activated natural killer cells in pa-
tients with refractory and relapsed acute myeloid leukemia. Cyfotherapy.
2017;19:1225-1232.

Sadelain M. Chimeric antigen receptors: driving immunology towards
synthetic biology. Curr Opin Immunol. 2016;41:68-76.

Chang Y H, Connolly J, Shimasaki N, et al. A chimeric receptor with
NKG2D specificity enhances natural killer cell activation and killing of
tumor cells. Cancer Res. 2013;73:1777-86.

Topfer K, Cartellieri M, Michen S, et al. DAP12-based activating chi-
meric antigen receptor for NK cell tumor immunotherapy. J Immunol.
2015;194:3201-12.

Imamura M, Shook D, Kamiya T, et al. Autonomous growth and in-
creased cytotoxicity of natural killer cells expressing membrane-bound
interleukin-15. Blood. 2014;124:1081-1088.

Liu E, Tong Y, Dotti G, et al. Cord blood NK cells engineered to express
IL-15 and a CD19-targeted CAR show long-term persistence and potent
antitumor activity. Leukemia. 2018;32:520-31.

Schmidt P, Raftery MJ, Pecher G. Engineering NK cells for CAR ther-
apy-recent advances in gene transfer methodology. Front Immunol.
2020;11:611163.

Littwitz E, Francois S, Dittmer U, et al. Distinct roles of NK cells in viral
immunity during different phases of acute friend retrovirus infection. Re-
trovirology. 2013;10:127.

Matosevic S. Viral and nonviral engineering of natural killer cells as
emerging adoptive cancer immunotherapies. J Immunol Res. 2018;
4054815.

Imai C, Iwamoto S, Campania D. Genetic modification of primary natural
killer cells overcomes inhibitory signals and induces specific killing of
leukemic cells. Blood. 2005;106:376-83.

Zayed H, Izsvak Z, Walisko O, et al. Development of hyperactive
sleeping beauty transposon vectors by mutational analysis. Mol Ther.
2004;9:292-304.

Citation: Ahmed MME, Noureen A, Rafiq A. Clinical outcomes of CAR-NK cell therapy: a systematic review of early-phase trials. | Cancer Prev Curr Res.
2026;17(2):32-39. DOI: 10.15406/jcpcr.2026.17.00603


https://doi.org/10.15406/jcpcr.2026.17.00603
https://pubmed.ncbi.nlm.nih.gov/30948292/
https://pubmed.ncbi.nlm.nih.gov/30948292/
https://pubmed.ncbi.nlm.nih.gov/30948292/
https://pubmed.ncbi.nlm.nih.gov/28572802/
https://pubmed.ncbi.nlm.nih.gov/28572802/
https://pubmed.ncbi.nlm.nih.gov/28572802/
https://pubmed.ncbi.nlm.nih.gov/28572802/
https://pubmed.ncbi.nlm.nih.gov/24629893/
https://pubmed.ncbi.nlm.nih.gov/24629893/
https://pubmed.ncbi.nlm.nih.gov/33216984/
https://pubmed.ncbi.nlm.nih.gov/33216984/
https://pubmed.ncbi.nlm.nih.gov/33216984/
https://pubmed.ncbi.nlm.nih.gov/30209347/
https://pubmed.ncbi.nlm.nih.gov/30209347/
https://www.nature.com/articles/ni.3518
https://www.nature.com/articles/ni.3518
https://pubmed.ncbi.nlm.nih.gov/32762681/
https://pubmed.ncbi.nlm.nih.gov/32762681/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5161343/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5161343/
https://www.nature.com/articles/ni.1863
https://www.nature.com/articles/ni.1863
https://pubmed.ncbi.nlm.nih.gov/23579243/
https://pubmed.ncbi.nlm.nih.gov/23579243/
https://pubmed.ncbi.nlm.nih.gov/23579243/
https://www.bluerocktx.com/cell-therapy-101/?utm_source=google&utm_medium=paid_search&utm_campaign=cell_therapy&utm_content=192349812430&utm_term=stem%20cell%20research%20%26%20therapy&gad_source=1&gad_campaignid=23244243087&gbraid=0AAAAA-bvxOJYso0XP9IkWLAaB25zlNoN5&gclid=CjwKCAjwspPOBhB9EiwATFbi5GRiiyFe1BnXluisJc5XoE_plnkWwbIt1WLm_mXhZ668TBiVHu5XyBoCxWwQAvD_BwE
https://www.bluerocktx.com/cell-therapy-101/?utm_source=google&utm_medium=paid_search&utm_campaign=cell_therapy&utm_content=192349812430&utm_term=stem%20cell%20research%20%26%20therapy&gad_source=1&gad_campaignid=23244243087&gbraid=0AAAAA-bvxOJYso0XP9IkWLAaB25zlNoN5&gclid=CjwKCAjwspPOBhB9EiwATFbi5GRiiyFe1BnXluisJc5XoE_plnkWwbIt1WLm_mXhZ668TBiVHu5XyBoCxWwQAvD_BwE
https://www.bluerocktx.com/cell-therapy-101/?utm_source=google&utm_medium=paid_search&utm_campaign=cell_therapy&utm_content=192349812430&utm_term=stem%20cell%20research%20%26%20therapy&gad_source=1&gad_campaignid=23244243087&gbraid=0AAAAA-bvxOJYso0XP9IkWLAaB25zlNoN5&gclid=CjwKCAjwspPOBhB9EiwATFbi5GRiiyFe1BnXluisJc5XoE_plnkWwbIt1WLm_mXhZ668TBiVHu5XyBoCxWwQAvD_BwE
https://ashpublications.org/blood/article/97/10/3146/89683/Human-natural-killer-cells-a-unique-innate
https://ashpublications.org/blood/article/97/10/3146/89683/Human-natural-killer-cells-a-unique-innate
https://ashpublications.org/blood/article/97/10/3146/89683/Human-natural-killer-cells-a-unique-innate
https://pubmed.ncbi.nlm.nih.gov/11359797/
https://pubmed.ncbi.nlm.nih.gov/11359797/
https://pubmed.ncbi.nlm.nih.gov/11359797/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5108783/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5108783/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4801705/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4801705/
https://pubmed.ncbi.nlm.nih.gov/26779484/
https://pubmed.ncbi.nlm.nih.gov/26779484/
https://pubmed.ncbi.nlm.nih.gov/28850071/
https://pubmed.ncbi.nlm.nih.gov/28850071/
https://pubmed.ncbi.nlm.nih.gov/31821460/
https://pubmed.ncbi.nlm.nih.gov/31821460/
https://pubmed.ncbi.nlm.nih.gov/31821460/
https://pubmed.ncbi.nlm.nih.gov/23233584/
https://pubmed.ncbi.nlm.nih.gov/23233584/
https://pubmed.ncbi.nlm.nih.gov/11602318/
https://pubmed.ncbi.nlm.nih.gov/11602318/
https://pubmed.ncbi.nlm.nih.gov/11602318/
https://pubmed.ncbi.nlm.nih.gov/21698239/
https://pubmed.ncbi.nlm.nih.gov/21698239/
https://pubmed.ncbi.nlm.nih.gov/21698239/
https://www.sciencedirect.com/science/article/pii/S0006497120700364
https://www.sciencedirect.com/science/article/pii/S0006497120700364
https://www.sciencedirect.com/science/article/pii/S0006497120700364
https://www.sciencedirect.com/science/article/pii/S0006497120700364
https://pubmed.ncbi.nlm.nih.gov/11454312/
https://pubmed.ncbi.nlm.nih.gov/11454312/
https://pubmed.ncbi.nlm.nih.gov/11454312/
https://pubmed.ncbi.nlm.nih.gov/22460449/
https://pubmed.ncbi.nlm.nih.gov/22460449/
https://pubmed.ncbi.nlm.nih.gov/26559813/
https://pubmed.ncbi.nlm.nih.gov/26559813/
https://pubmed.ncbi.nlm.nih.gov/26559813/
https://pubmed.ncbi.nlm.nih.gov/28879551/
https://pubmed.ncbi.nlm.nih.gov/28879551/
https://pubmed.ncbi.nlm.nih.gov/28879551/
https://pubmed.ncbi.nlm.nih.gov/28879551/
https://pubmed.ncbi.nlm.nih.gov/11522236/
https://pubmed.ncbi.nlm.nih.gov/11522236/
https://pubmed.ncbi.nlm.nih.gov/11522236/
https://pubmed.ncbi.nlm.nih.gov/12149207/
https://pubmed.ncbi.nlm.nih.gov/12149207/
https://pubmed.ncbi.nlm.nih.gov/12149207/
https://pubmed.ncbi.nlm.nih.gov/18836917/
https://pubmed.ncbi.nlm.nih.gov/18836917/
https://pubmed.ncbi.nlm.nih.gov/18836917/
https://pubmed.ncbi.nlm.nih.gov/24094496/
https://pubmed.ncbi.nlm.nih.gov/24094496/
https://pubmed.ncbi.nlm.nih.gov/24094496/
https://pubmed.ncbi.nlm.nih.gov/29179517/
https://pubmed.ncbi.nlm.nih.gov/29179517/
https://pubmed.ncbi.nlm.nih.gov/29179517/
https://pubmed.ncbi.nlm.nih.gov/29179517/
https://pubmed.ncbi.nlm.nih.gov/28864289/
https://pubmed.ncbi.nlm.nih.gov/28864289/
https://pubmed.ncbi.nlm.nih.gov/28864289/
https://pubmed.ncbi.nlm.nih.gov/28864289/
https://pubmed.ncbi.nlm.nih.gov/27372731/
https://pubmed.ncbi.nlm.nih.gov/27372731/
https://pubmed.ncbi.nlm.nih.gov/23302231/
https://pubmed.ncbi.nlm.nih.gov/23302231/
https://pubmed.ncbi.nlm.nih.gov/23302231/
https://pubmed.ncbi.nlm.nih.gov/25740942/
https://pubmed.ncbi.nlm.nih.gov/25740942/
https://pubmed.ncbi.nlm.nih.gov/25740942/
https://pubmed.ncbi.nlm.nih.gov/25006133/
https://pubmed.ncbi.nlm.nih.gov/25006133/
https://pubmed.ncbi.nlm.nih.gov/25006133/
https://pubmed.ncbi.nlm.nih.gov/28725044/
https://pubmed.ncbi.nlm.nih.gov/28725044/
https://pubmed.ncbi.nlm.nih.gov/28725044/
https://pubmed.ncbi.nlm.nih.gov/33488617/
https://pubmed.ncbi.nlm.nih.gov/33488617/
https://pubmed.ncbi.nlm.nih.gov/33488617/
https://pubmed.ncbi.nlm.nih.gov/24182203/
https://pubmed.ncbi.nlm.nih.gov/24182203/
https://pubmed.ncbi.nlm.nih.gov/24182203/
https://pubmed.ncbi.nlm.nih.gov/30306093/
https://pubmed.ncbi.nlm.nih.gov/30306093/
https://pubmed.ncbi.nlm.nih.gov/30306093/
https://pubmed.ncbi.nlm.nih.gov/15755898/
https://pubmed.ncbi.nlm.nih.gov/15755898/
https://pubmed.ncbi.nlm.nih.gov/15755898/
https://pubmed.ncbi.nlm.nih.gov/14759813/
https://pubmed.ncbi.nlm.nih.gov/14759813/
https://pubmed.ncbi.nlm.nih.gov/14759813/

Clinical outcomes of CAR-NK cell therapy: a systematic review of early-phase trials

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

S8.

59.

60.

61.

62.

63.

64.

65.

Rostovskaya M, Fu J, Obst M, et al. Transposon-mediated BAC transgen-
esis in human ES cells. Nucleic Acids Res. 2012;40:¢150.

Xiao L, Cen D, Gan H, et al. Adoptive transfer of NKG2D CAR mR-
NA-engineered natural killer cells in colorectal cancer patients. Mol Ther.
2019;27:1114-25.

Heintz N, Gong S. Two-step bacterial artificial chromosome (BAC) engi-
neering: Electroporation of competent BAC host cells with the recombi-
nant shuttle vector. Cold Spring Harb Protoc. 2020;2020:098079.

Hunter BD, Jacobson CA. CAR T-cell associated neurotoxicity: Mecha-
nisms, clinicopathologic correlates, and future directions. J Nat/ Cancer
Inst. 2019;111:646-54.

Klingemann H. Are natural killer cells superior CAR drivers?. Oncoim-
munology. 2014;3:e28147.

Screpanti V, Wallin RP, Ljunggren HG, et al. A central role for death re-
ceptor-mediated apoptosis in the rejection of tumors by NK cells. J Im-
munol. 2001;167:2068-73.

Wu J, Mishra H K, Walcheck B. Role of ADAM17 as a regulatory check-
point of CD16A in NK cells and as a potential target for cancer immuno-
therapy. J Leukoc Biol. 2019;105:1297-303.

Vivier E, Raulet DH, Moretta A, et al. Innate or adaptive immunity? The
example of natural killer cells. Science. 2011;331:44-9.

Lee DW, Kochenderfer JN, Stetler-Stevenson M, et al. T Cells express-
ing CD19 chimeric antigen receptors for acute lymphoblastic leukaemia
in children and young adults: a phase 1 dose-escalation trial. Lancet.
2015;385:517-28.

Sotillo E, Barrett DM, Black KL, et al. Convergence of acquired mu-
tations and alternative splicing of CD19 enables resistance to CART-19
immunotherapy. Cancer Discovery. 2015;5:1282-1295.

Farag SS, Caligiuri MA. Human natural killer cell development and biol-
ogy. Blood Rev. 2006;20:123-37.

Romanski A, Uherek C, Bug G, et al. CD19-CAR engineered NK-92 cells
are sufficient to overcome NK cell resistance in b-cell malignancies. J
Cell Mol Med. 2016;20:1287—1294.

Boissel L, Betancur M, Wels WS, et al. Transfection with mRNA for
CD19 specific chimeric antigen receptor restores NK cell mediated kill-
ing of CLL cells. Leuk Res. 2009;33:1255-1259.

Quintare 1, li C, Sivori S, et al. Efficacy of third-party chimeric antigen
receptor modified peripheral blood natural killer cells for adoptive cell
therapy of b-cell precursor acute lymphoblastic leukemia. Leukemia.
2020;34:1102-1115.

Muller S, Bexte T, Gebel V, et al. High cytotoxic efficiency of lentivirally
and alpharetrovirally engineered CD19-specific chimeric antigen receptor
natural killer cells against acute lymphoblastic leukemia. Front Immunol.
2019;10:3123.

Manal M E Ahmed. CAR-Engineered Natural Killer Cells: Advancing
Next-Generation Cancer Immunotherapy, Journal of Cancer Prevention
and Current Research (JCPCR). 2025;16 (4):125-128.

Manal M E Ahmed. StAb CAR-T cells: pioneering precision in can-
cer immunotherapy, Gastroenterology and Hepatology Open Access,.
2024;15(5):141-145.

Manal M E Ahmed. Novel strategies to improve CAR-T cells in solid
tumors: mini review. Journal of Scientific Research in Medical and Bio-
logical Sciences. 2022;3(3):36-47.

Manal M E Ahmed. CAR-T cell therapy: current advancement and future
research possibilities. Journal of Scientific Research in Medical and Bio-
logical Sciences. 2021;2(2):86-116.

Liu E, Marin D, Banerjee P, et al. Use of CAR-transduced NK cells in
CD19-positive lymphoid tumors. N Engl J Med. 2020;382:545-553.

66.

67.

68.

69.

Copyright:

©2026 Ahmed etal. 39

Rezvani K. Adoptive cell therapy using engineered natural killer cells.
Clin Cancer Res. 2021;27(3):774-776.

Daher M, Rezvani K. Outlook for CAR-NK cell therapy: Clinical trials
and future directions. Nat Rev Clin Oncol. 2021;18:197-214.

Xie G, Dong H, Liang Y, et al. CAR-NK cell therapy in solid tumors:
Progress and challenges. Front Immunol. 2022;13:887432.

Zhang Q, Tian Z. Engineering NK cells for cancer immunotherapy. Mol
Ther Oncolytics. 2023;28:122-134.

References for clinical trials

I

1L

II1.

V.

VL

VIL

VIIL

IX.

XI.

XIIL

XIII.

XIV.

XV.

XVIL

XVIL

Study of Anti-CD19 CAR-NK Cells in Patients With Relapsed or Re-
fractory B-Cell Malignancies. Identifier: NCT03056339. Available
from: ClinicalTrials.gov, U.S. National Library of Medicine

Study of CAR-NK Cell Therapy in Patients With B-cell malignancies.
Identifier: NCT05570188. Available from: ClinicalTrials.gov, U.S. Na-
tional Library of Medicine.

CAR-NK Cell Therapy in Patients With Solid Tumors. Identifier:
NCT05654038. Available from: ClinicalTrials.gov, U.S. National Li-
brary of Medicine.

Study of CAR-NK Cells in Patients With Multiple Myeloma. Identi-
fier: NCT05008536. Available from: ClinicalTrials.gov, U.S. National
Library of Medicine.

CAR-NK Cell Therapy in Patients With Multiple Myeloma. Identifier:
NCT05182073. Available from: ClinicalTrials.gov, U.S. National Li-
brary of Medicine.

Phase I/II Study of CAR-NK Cells Targeting CD33 in Acute Myeloid
Leukemia (AML). Identifier: NCT02944162. Available from: Clinical-
Trials.gov, U.S. National Library of Medicine.

CAR-NK Cells for the Treatment of Relapsed or Refractory B-cell ma-
lignancies. Identifier: NCT05092451. Available from: ClinicalTrials.
gov, U.S. National Library of Medicine.

Study of CAR-NK Cell Therapy in Acute Lymphocytic Leukemia (ALL)
and Myelodysplastic Syndromes (MDS). Identifier: NCT04623944.
Available from: ClinicalTrials.gov, U.S. National Library of Medicine.

Safety Study of CAR-NK Cells in Patients With CD7-Positive Leuke-
mia and Lymphoma. Identifier: NCT02742727. Available from: Clini-
calTrials.gov, U.S. National Library of Medicine.

Study of NK-92 Cells Expressing CAR in CD19-positive Leukemia and
Lymphoma. Identifier: NCT02892695. Available from: ClinicalTrials.
gov, U.S. National Library of Medicine.

CAR-NK Cell Therapy for Patients With metastatic solid tumors. Iden-

tifier: NCT03415100. Available from: ClinicalTrials.gov, U.S. National
Library of Medicine.

Study of Anti-5T4 CAR-NK Cells in Advanced Solid Tumors. Identi-
fier: NCT05194709. Available from: ClinicalTrials.gov, U.S. National
Library of Medicine.

CAR-NK Cell Therapy Targeting Claudin 6, GPC3, Mesothelin, AXL in
Reproductive Tumors. Identifier: NCT05410717. Available from: Clini-
calTrials.gov, U.S. National Library of Medicine.

Clinical Trial of CAR-NK Cells Targeting ROBO! in Solid Tumors.
Identifier: NCT03940820. Available from: ClinicalTrials.gov, U.S. Na-
tional Library of Medicine.

Study of CAR-NK Cells Targeting TROP2 in NSCLC and Breast Can-
cer. Identifier: NCT06066424. Available from: ClinicalTrials.gov, U.S.
National Library of Medicine.

Evaluation of CAR-NK Cell Therapy for Gastric and Pancreatic Can-
cers. Identifier: NCT06464965. Available from: ClinicalTrials.gov, U.S.
National Library of Medicine.

CAR-NK Cell Therapy Targeting HER2 in Glioblastoma. Identifier:
NCT03383978. Available from: ClinicalTrials.gov, U.S. National Li-
brary of Medicine

Citation: Ahmed MME, Noureen A, Rafiq A. Clinical outcomes of CAR-NK cell therapy: a systematic review of early-phase trials. | Cancer Prev Curr Res.
2026;17(2):32-39. DOI: 10.15406/jcpcr.2026.17.00603


https://doi.org/10.15406/jcpcr.2026.17.00603
https://pubmed.ncbi.nlm.nih.gov/22753106/
https://pubmed.ncbi.nlm.nih.gov/22753106/
https://pubmed.ncbi.nlm.nih.gov/30962163/
https://pubmed.ncbi.nlm.nih.gov/30962163/
https://pubmed.ncbi.nlm.nih.gov/30962163/
https://pubmed.ncbi.nlm.nih.gov/32238593/
https://pubmed.ncbi.nlm.nih.gov/32238593/
https://pubmed.ncbi.nlm.nih.gov/32238593/
https://pubmed.ncbi.nlm.nih.gov/30753567/
https://pubmed.ncbi.nlm.nih.gov/30753567/
https://pubmed.ncbi.nlm.nih.gov/30753567/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4203506/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4203506/
https://pubmed.ncbi.nlm.nih.gov/11489989/
https://pubmed.ncbi.nlm.nih.gov/11489989/
https://pubmed.ncbi.nlm.nih.gov/11489989/
https://pubmed.ncbi.nlm.nih.gov/30786043/
https://pubmed.ncbi.nlm.nih.gov/30786043/
https://pubmed.ncbi.nlm.nih.gov/30786043/
https://pubmed.ncbi.nlm.nih.gov/21212348/
https://pubmed.ncbi.nlm.nih.gov/21212348/
https://pubmed.ncbi.nlm.nih.gov/25319501/
https://pubmed.ncbi.nlm.nih.gov/25319501/
https://pubmed.ncbi.nlm.nih.gov/25319501/
https://pubmed.ncbi.nlm.nih.gov/25319501/
https://pubmed.ncbi.nlm.nih.gov/26516065/
https://pubmed.ncbi.nlm.nih.gov/26516065/
https://pubmed.ncbi.nlm.nih.gov/26516065/
https://pubmed.ncbi.nlm.nih.gov/16364519/
https://pubmed.ncbi.nlm.nih.gov/16364519/
https://pubmed.ncbi.nlm.nih.gov/27008316/
https://pubmed.ncbi.nlm.nih.gov/27008316/
https://pubmed.ncbi.nlm.nih.gov/27008316/
https://pubmed.ncbi.nlm.nih.gov/19147228/
https://pubmed.ncbi.nlm.nih.gov/19147228/
https://pubmed.ncbi.nlm.nih.gov/19147228/
https://pubmed.ncbi.nlm.nih.gov/31745215/
https://pubmed.ncbi.nlm.nih.gov/31745215/
https://pubmed.ncbi.nlm.nih.gov/31745215/
https://pubmed.ncbi.nlm.nih.gov/31745215/
https://pubmed.ncbi.nlm.nih.gov/32117200/
https://pubmed.ncbi.nlm.nih.gov/32117200/
https://pubmed.ncbi.nlm.nih.gov/32117200/
https://pubmed.ncbi.nlm.nih.gov/32117200/
https://medcraveonline.com/JCPCR/JCPCR-16-00589.pdf
https://medcraveonline.com/JCPCR/JCPCR-16-00589.pdf
https://medcraveonline.com/JCPCR/JCPCR-16-00589.pdf
https://bcsdjournals.com/index.php/jsrmbs/article/view/520
https://bcsdjournals.com/index.php/jsrmbs/article/view/520
https://bcsdjournals.com/index.php/jsrmbs/article/view/520
https://bcsdjournals.com/index.php/jsrmbs/article/view/234
https://bcsdjournals.com/index.php/jsrmbs/article/view/234
https://bcsdjournals.com/index.php/jsrmbs/article/view/234
https://www.nejm.org/doi/full/10.1056/NEJMoa1910607
https://www.nejm.org/doi/full/10.1056/NEJMoa1910607
https://pmc.ncbi.nlm.nih.gov/articles/PMC7594488/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7594488/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8137521/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8137521/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2025.1574742/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2025.1574742/full
https://pubmed.ncbi.nlm.nih.gov/28668320/
https://pubmed.ncbi.nlm.nih.gov/28668320/

	Title
	Abstract 
	Keywords
	Introduction 
	Methods  
	Literature Search Strategy 
	Eligibility criteria 

	Results 
	Discussion 
	Strengths and limitations 
	Conclusion 
	Declarations 
	References 
	Table 1-9

