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Abstract

Background: Cancer remains one of the leading causes of mortality worldwide and poses major therapeutic challenges due to tumor
heterogeneity, an immunosuppressive tumor microenvironment, and immune evasion. Adoptive Natural Killer (NK) cell therapy has
emerged as a promising immunotherapeutic strategy because of its ability to recognize and eliminate tumor cells independently of
major histocompatibility complex (MHC) restriction while maintaining a favorable safety profile. Methods: This systematic review
was conducted according to PRISMA guidelines. PubMed and Google Scholar were searched for clinical studies published within
the last 20 years evaluating adoptive NK cell therapy for lung, breast, and colorectal cancer. Study characteristics, NK cell processing
and administration protocols, and clinical outcomes were analyzed. Of 21,554 records identified, 20 studies met the inclusion criteria.
Results: Most studies focused on non-small cell lung cancer and predominantly used allogeneic peripheral blood-derived NK cells.
Peripheral blood was the main cell source (75%), while allogeneic NK cells accounted for 60% of therapeutic approaches. Fourteen
studies (70%) reported significant improvements in at least one clinical outcome, including overall survival, progression-free survival,
objective tumor response, tumor biomarkers, or quality of life. NK cell therapy demonstrated a favorable safety profile, with mainly
mild to moderate adverse events. However, substantial heterogeneity was observed in cell sources, expansion protocols, infused cell
doses, and treatment schedules. Conclusions: Adoptive NK cell therapy shows considerable potential as a complementary treatment
for solid tumors. Nevertheless, larger multicenter clinical trials using standardized manufacturing protocols and harmonized outcome
measures are needed to establish its clinical efficacy.
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Introduction

Recent scientific and technological advances have emerged with
new paradigms in the understanding of cancer pathobiology.
Today, we recognize that cancer is not simply a disease, but a
complex systemic manifestation of the interactions of normal cells
with their microenvironment, leading to the formation of cancerous
cells [1]. Development of this multifaceted disease involves
different processes in addition to mutations at the genetic level.
The interaction of epigenetic events, metabolic dysregulation, and
evasion from the immune surveillance, among others, eventually
leads to the development of this condition, a complex process
known as carcinogenesis [2]. Globally, 20 million new cases of
cancer were estimated in 2022, with 9.7 million deaths in that year.
According to WHO on average 1 in every 5 people develops one
or another type of cancer in their lifetime [3]. Historically, surgical
procedures as well as chemotherapy have been the first treatment
options for almost every type of cancer. However, surgery may not
be a viable option due to the complexity caused by the anatomical
location of a solid tumor, while the cost incurred due to the
compromised quality-of-life of patients receiving chemotherapy
is often very high [4]. Therefore, the demands for development
of new therapeutic approaches focused on enhancing the immune
system’s ability to recognize and eliminate cancer cells have surged
in recent years. Mainly, the use of adoptive cell therapies, with
the aim of potentiating the patient’s immune activity, has shown
promising results in cases of solid tumors. Within the different
lines of research, the use of natural killer (NK) cells has stood
out for their high cytotoxic capacity in addition to their ability to
recognize cancer cells [5]. Despite the fact that there is a growing
understanding of the mechanism of action of NK cells [6], there
are not many studies that systematically analyze the efficacy of
this adoptive cell therapy using NK cells in such cases. Therefore,
the objective of this study is to present a timely literature review
on cancer and different therapies used in its treatment, as well as
a systematic analysis of the efficacy of NK cell therapy in solid
tumor cases.

Literary Review
Carcinogenesis Process

Carcinogenesis is a sum of a number of processes by which a
normal cell acquires changes, including genetic alterations that
enable uncontrolled growth and the ability to evade surveillance
mechanisms, thereby giving rise to a neoplasm [7]. This
mechanism can be driven by inherited genetic mutations or by the
progressively accumulated genetic mutations, which eventually
convert proto-oncogenes into active oncogenes, as well as to

inactivate tumor suppressor genes (such as RB1) and DNA repair
genes (such as BRCA1/2). As a consequence, a cell acquires the
ability to proliferate in an uncontrolled manner, which leads to
the expansion of cell clones with selective advantages [8]. This
transformation is not a single event, but a cumulative outcome of
a series of genetic and epigenetic alterations that confer abnormal
biological capacities to a normal cell, known as the “Hallmarks
of Cancer” or Cancer Markers [9]. These capabilities include
constant proliferation in suboptimal environments, evasion from
tumor suppression and elimination mechanisms, and resistance to
programmed cell death, leading to the development of metastasis.
Interestingly, their temporal order of appearance has recently been
elucidated at the genomic level, showing that genomic instability
is usually the first event, while immune evasion tends to be the last
[9, 10]. Brown and colleagues [11] correctly suggested not to view
cancer as a simple uncontrolled growth only, but as a miniature
ecosystem “subject to evolution by natural selection”.

Cancer has two main variants depending on its physical nature:
solid tumorous or non-solid cancerous. Non-solid cancers
arise in bone marrow and lymphoid tissues, and the tumor cells
keep circulating in the blood. Although they do not form any
distinguishable cell masses, they share the basic mechanisms of
cell transformation and evolution typical of this condition [12].
On the other hand, solid tumors develop in distinguishable specific
tissue masses, generating organized but undesired structures. Three
key elements needed for its development are: accumulation of
oncogenic changes, uncontrolled cell division, and an extracellular
environment that supports the survival of abnormal cells. These
altered cells acquire proliferative autonomy, escaping the immune-
vigilance controls. The current literature indicates that they
undergo a set of crucial biological change as they cease to act as
an integral part of the organism and operate as independent entities
[12]. This process involves a gradual loss of the mechanisms that
normally regulate cell division and specialization. The transformed
cells evade programmed death signals, modify their metabolism,
and become independent of systemic factors that also contribute to
restricting their growth [9].

Another important factor that contributes to the worsening of the
patient’s condition is the tumors’ own microenvironment, as these
populations of cancer cells are not identical or homogeneous.
In addition to already present heterogeneity, other hereditary
variations constantly arise. Initially, the immune system eliminates
many of these cells, but these acquired mutations lead to exhaustion
of surveillance machinery [13]. In this microenvironment, tumors
can also reprogram stromal cells as fibroblasts, recruit protumor
cell populations, and induce processes that collectively benefit the
neoplastic population, such as angiogenesis and the synthesis of
various components of the extracellular matrix. This continuously
evolving process leads to tumor adaptation, including metastasis
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as well as resistance to therapies [11].

Finally, both solid and non-solid tumors advance according to
evolutionary principles operating at the cellular level. Cancer cell
populations show heritable genetic and epigenetic diversities,
which enable their better survival than normal cells. In suboptimal
conditions, such as lesser availability of nutrients and space,
lack of oxygen, higher acidity, and absence of the host’s immune
responses within the tumor microenvironment promote the growth
of subpopulations with adaptive advantages [12]. This process
further intensifies in clinical manifestations such as metastasis
and generalized resistance to therapies. Understanding all cancers
through this unified framework that combines cell transformation
and evolution by selection can provide a foundation for creating
novel therapies. In particular, it points to the need for approaches
that recognize the dynamic and adaptable nature of cancer cells,
as well as the importance of targeting multiple survival and
proliferation pathways at the same time, beyond conventional
anatomical classification [9, 12, 14].

Conventional Cancer Treatments

The burden of solid cancers has increased greatly in recent years
all around the globe and today represents one of the main public
health concerns According to global data from GLOBOCAN, the
most commonly diagnosed cancers are lung cancer (20%), breast
cancer (19%), colorectal cancer (16%), prostate cancer (12%), and
stomach cancer (8%). All other types of cancer together account
for the remaining 25% [15, 16]. Although these percentages are
adjusted for clarity purposes, they maintain the overall proportion
observed in actual epidemiology, where lung cancer continues to
be the leading cause of cancer death in the world [16]. The WHO
notes that the total number of cases will continue to grow due to an
increasing aging population and along with higher exposure to risk
factors such as smoking and obesity; which are further potentiated
by the limited access to medical services. This scenario becomes
a global challenge, and dealing with it requires improvements
in preventative measures, such as regular health check-ups to
facilitate timely diagnosis and easy access to treatment [3].

Because of the global social and economic burden of these types of
conditions, many resources have been allocated to investigate new,
more effective ways of dealing with cancer. Clinical approaches
include multiple modalities, mainly surgical, chemical, and
biochemical treatments. Their efficacy depends, to a large extent,
on the immunosuppressive tumor microenvironment (TME),
pH, cell heterogeneity, and the patient’s immunological and
clinical status. However, in cases of solid tumors, several factors
significantly limit the penetration of drugs and the activation of
the immune system, compromising the achievement of complete
eradication [17].

Surgery remains one of the most common options for trying to
eliminate many solid tumors when they are diagnosed in early
stages. After surgery, adjuvant treatments (such as chemotherapy
or radiation therapy) are often given to eliminate or at least
decrease the risk of the cancer coming back. In other cases, when
the tumor is large or difficult to remove surgically, treatments
such as chemotherapy are usually prescribed to reduce the size
of the tumor before surgery. However, in advanced or metastatic
stages, the most commonly used conventional treatments are
chemotherapy and radiotherapy [18, 19].

Many chemotherapeutic agents are in use for addressing different
types of cancers. These mainly act through cytotoxic mechanisms,
causing DNA damage, inhibiting replication, and inducing
apoptosis in preferably highly proliferating cells. However,
chemotherapy often comes up with several undesired side effects
and can lead to lymphopenia and systemic immunosuppression.
These limitations underscore the need to optimize the dosage
and combination of other therapies to maximize their efficacy in
advanced treatment regimens [20, 21].

On the other hand, physical therapies use different energy
sources to induce structural damage and local cell death. Physical
treatments include radiotherapy (RT), which uses ionizing radiation
to induce DNA damage and trigger apoptosis [17]. Another
modality is photodynamic therapy (PDT) that combines light
with a photosensitizer to induce necrosis. Finally, photothermal
phototherapy (PTT) using a laser and thermal conversion, which
produces thermal ablation of the tumor. A relevant aspect of these
technologies is that, in addition to direct damage to the tumor,
they can induce immunogenic cell death (ICD), releasing danger
signals (DAMPs) that reactivate the immune system, giving rise
to therapies combined with immune checkpoint inhibitors (ICIs)
or cellular immunotherapy [22]. However, its main limitation
arises from the immunosuppressive tumor microenvironment,
which can block this response, recruit inhibitory cells, and express
molecules such as PD-L1 that compromise the cytotoxic action of
lymphocytes [17, 23].

Over the past decade, biologic therapies have revolutionized
cancer treatment by using components of the immune system, such
as antibodies, cytokines, oncolytic viruses, and, more recently,
genetically modified immune cells. Among these, T cells with
chimeric antigen receptors (CAR-T) stand out, demonstrating
long-term remissions in hematological cancers [24]. However, its
efficacy in solid tumors is limited due to its inability to infiltrate the
dense tumor masses and poor performance in immunosuppressive
microenvironments. Faced with these challenges, natural killer
(NK) cell therapy emerges as an alternative with great potential.
Unlike T cells, NK cells have an innate ability to recognize and
eliminate tumor cells without the need for antigen presentation
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via the major histocompatibility complex (MHC). NK cells also
produce immunostimulatory cytokines such as interferon gamma
(IFN-y), which lowers the risk of graft-versus-host disease
(GVHD) compared to T cells. These advantages position NK-cell-
based therapies as promising options, especially for solid tumors
where CAR-T cells have faced greater limitations [25].

Finally, it is important to note that the choice of treatment
varies greatly depending on the type of cancer, stage at time of
diagnosis, present comorbidities, and health system resources.
The incorporation of targeted therapies and immunotherapies has
changed the landscape for certain tumors [18, 26].

Adoptive Cell Therapy with Natural Killers

There is a growing interest in adoptive cell therapies using
Natural Killer cells due to several biological advantages they
present in contrast to other types of immunotherapies. One of
the most important aspects is that they do not require the major
histocompatibility complex (MHC), which allows their use in
autologous, allogeneic, or genetically modified platforms, allowing
their standardized and cost-effective production.

The insertion of chimeric antigen receptors (CAR) into NK cells
allows their cytotoxic activity to be specifically directed against
tumor cells expressing specific antigens. This strategy combines
both the natural ability of NK cells to recognize stressed or low-
expression MHC-I cells and the specificity conferred by CAR
[27]. Despite these advantages, CAR-NK cells are not without
limitations. Their effectiveness is usually short as they have a
low capacity to infiltrate into the solid tumors, and they could be
inhibited by the tumor microenvironment, especially by factors
such as the cytokine TGF-B, hypoxia, or the accumulation of
adenosine. These barriers represent a significant challenge for
their application in solid tumors, where even CAR-T therapy has
yielded limited clinical success [28].

Nevertheless, NK therapies do not have serious adverse effects,
such as graft-versus-host syndrome (GVHD), cytokine release
syndrome (CRS), or neurotoxicity associated with modified
lymphocyte therapies. This has positioned NK as a potentially
safer alternative that is easier to implement clinically [29].
Finally, it is important to recall that CAR-NK cell immunotherapy
represents a complementary treatment against cancer, which could
be used alongside with other treatments, such as chemotherapies
and radiotherapies.

Methodology
Article Search Using PRISMA Methodology

A systematic literature review was conducted following the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines, with the aim of compiling and
analyzing current evidence regarding the efficacy of adoptive
Natural Killer (NK) cell therapy in solid tumors, specifically lung,

breast, and colon cancer, due to their high global incidence and
economic burden.

The bibliographic search was performed using the PubMed and
Google Scholar databases. The search strategy included the
following keywords: “NK immunotherapy”, “adoptive NK cell”,
“allogeneic NK cell”, and “autologous NK cell”. These terms were
subsequently combined with “lung cancer”, “breast cancer”, or
“colon cancer” to focus the search on the selected types of cancer.

Inclusion Criteria

Original articles, clinical studies, and case reports evaluating
the efficacy of NK cell-based immunotherapy in solid tumors,
specifically lung, breast, and colon cancer, were included. Studies
in which NK cells were administered either as monotherapy or
in combination with chemotherapy and/or radiotherapy were
considered eligible. Both non-modified and genetically modified
NK cells were included. Ultimately, studies involving patients
with metastatic disease were not excluded.

Exclusion Criteria

Studies published more than 20 years prior to the search date and
those published in languages other than English were excluded.
Studies not specifically focused on the selected cancer types
were also excluded. In addition, review articles, meta-analyses,
editorials, comments, in vitro studies using tumor biopsies, and
animal model studies were excluded. Finally, studies employing
immunotherapeutic strategies other than NK cells (such as CAR-T
cells or dendritic cell therapies) were excluded in order to better
isolate the therapeutic effect attributable to NK cell therapy.

The quantitative analysis focused on evaluating the clinical
efficacy of NK cell therapy. For this purpose, general study
characteristics, cohort size, and clinical phase were systematically
extracted. Similarly, laboratory processing methods, including
NK cell culture and activation protocols, as well as the dose and
number of infusions administered, were analyzed. Finally, the
review examined the scales and clinical endpoints used to evaluate
therapeutic efficacy in patients.

Data Extraction

In Google Scholar, the search strategy yielded a considerably high
number of results (exceeding one million records depending on the
keyword combination). To ensure the feasibility and systematic
nature of the review, approximately 1,500 records were screened
for each keyword combination and cancer type (12 combinations
in total), resulting in approximately 18,000 records considered
during the initial selection process.

Together with records identified through PubMed (n = 3,554), a
total of 21,554 records were initially identified. After applying
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filters related to publication period (last 20 years), English language, study type (excluding reviews and meta-analyses), and human
studies, 18,997 records were excluded, resulting in 2,557 records eligible for screening.

During the screening phase, 2,534 records were excluded for not meeting the inclusion criteria, including non-eligible study designs
or irrelevant therapeutic approaches (such as CAR-T or other immunotherapies). Consequently, 23 full-text articles were assessed for
eligibility.

Finally, 3 studies were excluded after full-text evaluation due to insufficient methodological information or lack of relevance to the
selected pathologies. Therefore, a total of 20 studies were included in the final systematic review (Figurel).

Figure 1: PRISMA flow diagram of literature search and included publications.

Results
General criterion of the included studies

Among the 20 studies analyzed, the most frequent cancer type was non-small cell lung cancer (NSCLC), representing 70% (n = 14) of
the included studies, followed by breast cancer with 15% (n = 3), colon carcinoma with 5% (n = 1), and colon adenocarcinoma with
10% (n = 2). Regarding the type of immunotherapy used, allogeneic NK cell therapy predominated, accounting for 60% (n = 12) of
the studies, whereas autologous NK therapy represented 35% (n = 7). In addition, one comparative study (5%, n = 1) evaluated both
therapeutic approaches.

5 Volume 11; Issue 03

J Oncol Res Ther, an open access journal
ISSN: 2574-710X



Citation: Esquivel D, de Jesus L, Galindo E, Martinez C, Rodriguez B, et al. (2026) Efficacy of Adoptive Cell Therapy with Natural Killer Cells in
Cases of Solid Tumors. J Oncol Res Ther 11: 10351. DOI: 10.29011/2574-710X.10351.

Most studies included relatively small patient populations, while
only two studies (10%) enrolled more than 100 participants.
Furthermore, metastatic disease was frequently reported among
the study populations, being present in 45% (n = 9) of the studies,
whereas 20% (n = 4) included non-metastatic patients and 35% (n
= 7) did not report this information (NR).

As for simultaneously therapies, chemotherapy (CHT) was the
most commonly used, reported in 55% (n = 11) of the studies;
followed by radiotherapy (RT) in 30% (n = 6); surgery (SG) in
15% (n=3), and adjuvant therapy (AT) in 30% (n = 6). In contrast,
some studies did not report this information (NR), in 20% (n = 4),
or the information was not classified (NC) in 5% (n = 1).

In terms of geographical distribution, China accounted for the
highest proportion of publications, representing 45% (n = 9) of
the included studies, while the remaining studies were distributed
across different countries. Concerning age range, 65% (n = 13) of
the studies included patients between 30 and 80 years old, whereas
the remaining studies either included adults older than 18 years or
did not specify patient age.

Regarding the phase of investigation, Phase I and combined
Phase I/II studies predominated, accounting for 55% (n = 11) of
the included studies. The remaining studies either did not report
this information or corresponded to pilot studies and case reports,
representing 45% (n=9) (Table 1).

Laboratory processing and NK cell infusion in patients
Among the reviewed studies, peripheral blood was the predominant
cellular source for NK cell isolation, accounting for 75% of the
studies, whereas 10% used umbilical cord blood and another 10%

employed leukapheresis-derived products. Notably, one study did
not specify the cellular source.

Regarding the type of therapy, activated NK cells were the most

commonly used approach, representing approximately 60% of the
studies, followed by highly activated NK cells with 20%. More
specialized therapies, including NKTm, NK sIL15 TRACK,
and AIET NK, accounted for 5%, 5%, and 10% of the studies,
respectively.

Concerning expansion and activation protocols, IL-2 was the most
frequently used cytokine, being reported in approximately 40% (n
= 8) of the reviewed studies, either alone or in combination with IL-
12, IL-15,IL-18, or OK432. Commercial protocols such as HANK
and BINKIT were also recurrently employed, representing 20% and
10% of the studies, respectively. Additionally, specialized culture
media including AIM-V, a-MEM, and Aly505 were used in 10%,
5%, and 10% of the studies, respectively. Overall, these findings
indicate that ex vivo cytokine-based expansion, particularly IL-2-
mediated activation, remains the predominant strategy for NK cell
proliferation and activation before clinical administration.

Regarding therapeutic administration, substantial heterogeneity
was observed both in the number of infusions and in the quantity
of NK cells administered. Most studies performed between 1 and
6 infusions (55%, n = 11)), although some protocols reached up
to 12 repeated administrations. Approximately 40% of the studies
administered doses equal to or greater than 10° NK cells per
infusion, whereas others used lower concentrations ranging from
10° to 108 cells/kg.

HANK-based protocols consistently employed the highest cellular
doses, reaching between 8—10 x 10° NK cells per infusion. In
contrast, protocols using IL-2, IL-15, and OK432 generally
administered intermediate cell quantities, ranging from 2-5 x 10°
cells. Importantly, 30% (n = 6) of the studies did not fully report
either the number of infused cells or the total number of treatment
cycles, highlighting the methodological heterogeneity among the
included studies (Figure 2, Table 2).
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Figure 2: Distribution of the total number of NK cell infusions administered across the analyzed studies according to the range of NK
cells infused per administration. Each point represents an individual study, while colors indicate the approximate range of NK cells
administered per infusion. Studies with non-reported (NR) or non-classified (NC) data were excluded from the analysis. Cell ranges
reported as intervals were converted to mean values for visualization purposes.

Efficacy of NK cell therapy in solid tumor cases

Based on the analysis of the included studies (Table 3), the most
frequently used criteria to evaluate NK cell therapy efficacy were
RECIST, overall survival (OS), and progression-free survival
(PFS). RECIST was the most commonly employed assessment
method, being reported in 50% (n = 10) of the studies, followed
by OS and PFS, both used in 40% (n = 8) of the studies. These
findings indicate that most studies evaluated tumor response and
patient clinical evolution using standardized and widely accepted
clinical endpoints.

Overall, the reviewed studies demonstrated favorable outcomes
regarding the efficacy of NK cell therapy. A total of 70% (n = 14) of
the studies reported statistically significant differences either when
comparing treated groups with control groups or when evaluating
pre- and post-treatment outcomes. Reported improvements
included increased overall survival and progression-free survival,
reduction in tumor size, decreased tumor marker levels, improved
quality of life, increased response rates, and better disease control.
Collectively, these findings suggest a consistent and positive
therapeutic effect of NK cell therapy across different solid tumor

types.

Regarding safety, 40% (n = 8) of the studies reported treatment-
related adverse events, which were generally mild to moderate
in severity and included fever, fatigue, pain, cough, nausea, and
metabolic alterations. In contrast, 30% (n = 6) of the studies
reported no adverse events, while another 30% (n = 6) did not
provide information regarding safety outcomes. These findings
suggest a generally favorable safety profile, although variability in
adverse event reporting remains evident among studies.

Notably, only one study (5%) directly compared allogeneic
and autologous NK cell therapies. In this comparative study,
the allogeneic NK group demonstrated significantly improved
outcomes, including greater reduction of circulating tumor cells,
decreased tumor marker levels, better RECIST-based responses,
and improved quality of life compared with the autologous group.

Discussion
General criterion of the included studies

The distribution of the included studies reflects the growing
interest in evaluating the efficacy of NK cell-based therapies in
solid tumors, particularly non-small cell lung cancer (NSCLC).
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Most of the available evidence focused on NSCLC, likely due
to its high global incidence and mortality, which continue to
drive the development of novel therapeutic strategies [16].
Likewise, a substantial proportion of the studies were conducted
in China, probably reflecting the remarkable expansion of cellular
immunotherapy research in this region over the past decade.
Although this has significantly contributed to the generation of
clinical evidence, it also highlights the need to expand clinical
trials to other geographical regions in order to determine whether
these findings can be consistently reproduced across populations
with different genetic, demographic, and clinical characteristics.

Another notable finding was the predominance of allogeneic NK

cell therapies, suggesting a growing preference for strategies based
on healthy donor-derived cells, which generally exhibit greater
cytotoxic functionality and facilitate standardized large-scale
manufacturing for clinical applications [50, 51]. Furthermore, NK
cell therapy was rarely administered as a standalone treatment.
Instead, it was commonly combined with other conventional
therapies like chemotherapy, radiotherapy, surgery, or antibody-
based therapies (Table 1), reflecting current efforts to enhance
antitumor responses through multimodal therapeutic approaches
[52, 53]. However, these combination strategies also complicate
the interpretation of clinical outcomes, making it difficult to
determine the extent to which the observed therapeutic benefit can
be exclusively attributed to NK cell therapy.

# Cancer type Source type pf;;ﬁ:s Metastasis 1::3:2;;21 Reference
1 Allogenic 108 NR SG, CHT, RT [30]
2 Autologous 1 NR AT, CHT, RT [31]
3 Allogenic 16 YES CHT [32]
4 Allogenic 19 NO AT, CHT [33]
5 Allogenic 31 NO NR [34]
6 Allogenic 60 YES CHT [35]
NSCLC

7 Allogenic 6 NR CHT, AT [36]
Allogenic 109 NT AT [37]

9 Autologous 20 YES CHT [38]
10 Autologous 16 YES CHT, RT [39]
11 Autologous 18 YES CHT, AT [40]
12 Autologous 20 YES CHT, AT [41]
13 | SCLC Allogenic 1 YES AT, RT [42]
14 | Pulmonary carcinoma Autologous 1 NO CHT, RT, AT [43]
15 Autologous 1 NO CHT, RT [44]
16 | Breast cancer Autologous/Allogeneic 36 NR NC [45]
17 Allogenic 60 YES SG, CHT [46]
18 | Colon carcinoma Autologous 27 NR CHT [47]
19 Autologous 1 YES SG, CHT [48]

Colon adenocarcinoma
20 Autologous 1 YES SG, CHT [49]
NSCLS: Non-small-cell lung cancer; SCLC: Small-cell lung cancer; NR: Not reported; PS: Pilot study; CS: Case report; OPCS: Open-label

Prospective Cohort Study; SG: Surgery; CHT: Chemotherapy; RT: Radiotherapy; AT: Antibody therapy; NR: Not reported; NT: Not clear.

Table 1: General characteristics of the studies included.
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Additionally, most studies included relatively small patient
cohorts, whereas only a limited number enrolled more than 100
participants, reducing the statistical robustness and generalizability
of the available evidence. Overall, these findings indicate that
although NK cell therapy represents a promising therapeutic
strategy for solid tumors, larger multicenter clinical trials with
standardized methodologies will be necessary to establish its true
clinical efficacy.

Laboratory processing and NK cell infusion in patients

One of the most consistent findings of this review was the
predominant use of peripheral blood as the primary source of
NK cells. This preference is likely explained by the relative ease
of sample collection, the possibility of repeated leukapheresis
procedures when required, and the extensive clinical experience
associated with peripheral blood-derived cellular products.
Although alternative sources such as umbilical cord blood offer
potential advantages, including greater proliferative capacity
and the availability of more immature NK cell populations, their
clinical implementation remains more limited due to the specialized
infrastructure required for collection, processing, and storage [28].

Similarly, IL-2 was the cytokine most frequently incorporated
into ex vivo expansion protocols, either alone or combined with
IL-12, IL-15, IL-18, or other immunomodulatory agents. This
observation is consistent with the well-established role of IL-2 in
promoting NK cell proliferation, survival, and cytotoxic activity
through the upregulation of perforin, granzymes, and IFN-y
production [54]. Commercial expansion platforms, particularly

the HANK protocol, were also frequently employed, likely
because they provide standardized manufacturing procedures,
reduce technical variability, and facilitate compliance with quality
standards required for clinical-grade cell production.

Despite these common trends, one of the major findings of this
review was the considerable heterogeneity observed across
treatment protocols. Both the number of NK cell infusions and the
number of cells administered varied substantially among studies,
with no clearly established therapeutic regimen emerging as the
standard of care (Figure 2). This variability likely reflects the
current developmental stage of NK cell therapy, in which different
research groups continue to optimize dosing schedules, infusion
frequency, and expansion protocols to maximize antitumor efficacy
while maintaining an acceptable safety profile.

The lack of methodological standardization also limits direct
comparisons between studies. Variations in cell source, expansion
protocols, cytokine combinations, infused cell dose, and treatment
schedule may all influence the functional activity of NK cells and
ultimately affect clinical outcomes. Furthermore, approximately
one-third of the included studies failed to report essential
manufacturing information, including the number of infused
cells or details of the expansion process, reducing reproducibility
and hindering the identification of variables associated with
improved therapeutic responses (Table 2). Collectively, these
findings emphasize the importance of establishing standardized
manufacturing protocols and more comprehensive methodological
reporting in future clinical trials.

# NK therapy Source Laboratory protocol

1 NKTm Peripheral blood Cell culture and expansion with OKM 25,100,200 medium
2 Activated NK Peripheral blood Cell culture and expansion with AIM-V + IL-2, IL-12, IL-18
3 Activated NK Peripheral blood Cell culture and expansion with a-MEM + IL-15

4 Activated NK Peripheral blood Cell cultured with IL-2, L-glutamine, anti CD3, anti-CD16, anti-CD56
5 Highly activated NK Peripheral blood HANK protocol

6 Highly activated NK Peripheral blood HANK protocol

7 NK sIL15 TRACK Umbilical cord blood Cell culture and expansion + anti-PD-L1

8 Highly activated NK Peripheral blood HANK protocol

9 Activated NK Peripheral blood Cell culture with Aly505 medium + IL-2, IL-15, OK432
10 Activated NK Peripheral blood Cell culture and expansion with TKD + IL-2

11 Activated NK Peripheral blood Cell culture and expansion

12 Activated NK Leukapheres of peripheral blood Cell culture with Aly505 medium + IL-2, IL-15, OK432
13 Activated NK Umbilical cord blood Cell culture and expansion + anti-PD-L2
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14 Activated NK Leukapheres of peripheral blood Cell culture with TKD + IL-2

15 AIET NK Peripheral blood BINKIT expansion kit

16 Highly activated NK Peripheral blood HANK protocol

17 AIET NK Peripheral blood BINKIT expansion kit

18 Activated NK Peripheral blood Cell culture and expansion with AIM-V + IL-2, OK432
19 Activated NK Peripheral blood Cell culture with TKD + IL2

20 Activated NK Peripheral blood Cell culture and expansion
HANK: Human high activity NK cell in vitro preparation kit; AIET: Cell based autologous immune enhancement therapy; NT: Not clear.

Table 2: Laboratory processing and NK cell infusion in patients.

Efficacy on NK cell therapy in solid tumors

Overall, the studies included in this review demonstrated a favorable
trend regarding the clinical efficacy of NK cell-based therapies
in solid tumors. Most investigations reported improvements in
clinically relevant outcomes, including overall survival (OS),
progression-free survival (PFS), objective tumor response, and
patient quality of life. These findings are consistent with recent
reviews highlighting the therapeutic potential of NK cells, largely
attributed to their intrinsic ability to recognize and eliminate
malignant cells independently of major histocompatibility complex
(MHC)-restricted antigen recognition [56, 57]. Collectively, the
available evidence supports the incorporation of NK cell therapy
as a promising component within the evolving landscape of cancer
immunotherapy.

Therapeutic efficacy was primarily evaluated using RECIST
criteria, followed by survival outcomes such as OS and PFS.
The widespread use of RECIST is likely explained by its
acceptance as the standard imaging-based method for assessing
objective tumor responses (Table 3). Nevertheless, the unique
characteristics of immunotherapies present important challenges
for the exclusive interpretation of RECIST, since phenomena
such as pseudoprogression and delayed responses may not
accurately reflect the true clinical benefit achieved by immune-
based treatments [57, 58]. Consequently, incorporating immune-
specific response criteria such as iRECIST, together with survival
endpoints, immunological biomarkers, and patient-reported
quality-of-life outcomes, may provide a more comprehensive
evaluation of NK cell therapy.

# Secondary adverse events Deaths reported Scale used Outcongn:ol:llptreated
1 Fever or skin erythema Yes, in all groups (6N 2-year survival*
Size of tumor Reduction by 50% approx.
2 No No
QOL Improved
13.3% PR; 40% SD;
RECIST 46.6% PD
3 No Yes, in all groups 0s Tendency to improve after
4 doses
PFS Tendency to improve after
4 doses
PFS 3 months
V) . V) . 0
4 No No RECIST 10.5% PR; 63% SD; 26%
PD
ODCR 73%*
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KPS Improved*
5 <30% presented fever, fatigue, or cough No
CTC in blood Decreased*
RR 63%%*
ODCR 83%*
6 Fever, pain cough, fatigue No
KPS 89.1%*
QOL Improved
RECIST 50% SD; 50% PD
7 NR Yes, 1 px by
COVID Trafficking and recognition of Yes*
tumor
(0N} 15.5 months*
PFS 6.5months*
8 NR Yes, Tumoral markers Decreased
ORR 36.4%
RECIST NR
ORR 45%
hypoalbuminemia (45%), hypothyroidism (O 17.7 months
9 (25%), anemia (20%), hyperglycemia (20%), and No
hyponatremia (20%) PFS 11.6 months
RECIST 5% CR; 40% PR
PFS Improved*
6.2% CR; 6.2% PR;
10 NR No RECIST 12.5% SD; 6.2% PD
QOL No changes
(N} 2 years, 58%%*
11 Acute pain and pneumonia (2 patients) No
PFS 33%%*
hyperglycemia, hypertriglyceridemia, creatine (0N 27.3 months*
12 | kinase increased, white blood cell decreased, and Yes
neutrophil count decreased. PFS 11.7 months
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13 NR No Size of tumor and metastasis Reduction*
RECIST NR
Blood test Improved
14 NR No
Size of tumor Reduction
Immunophenotyping of Improved
lymphocytes
QOL Improved
15 No No
RECIST 100% CR
Lymphocyte count Increased
CTC in blood Decreased in ailogenelc
group
16 Nausea, fatigue, fever No RECIST Improved in ailogenelc
group
Tumoral markers Decreased in ailogenelc
group
QoL Improved in ailogenelc
group
17 NR NR NK function Decreased in pailents with
cancer
(6N 72.5%*
18 Bone marrow suppression, nausea, vomiting, NR PFS S1.1%*
fever
RECIST NR
Lymphocyte count No changes
19 No Yes Tumoral markers No changes
0S 58 months
20 No No QOL Improved
OS: Overall survival; QOL: Quality of life; RECIST: Response Evaluation Criteria in Solid Tumors (CR: Complete response, PR: Partial
response, SD: Stable disease, PD: Progressive disease); PFS: Progression free survival; CTC: Circulant tumoral cells; KPS: Karnofsky
performance status; ODCR: Overall disease control rate; ORR: Objective response rate; *: Statistically significance after the treatment, or
compared to control group.

Table 3: Efficacy of NK cell therapy in solid tumors.

12 Volume 11; Issue 03
J Oncol Res Ther, an open access journal
ISSN: 2574-710X



Citation: Esquivel D, de Jests L, Galindo E, Martinez C, Rodriguez B, et al. (2026) Efficacy of Adoptive Cell Therapy with Natural Killer Cells in
Cases of Solid Tumors. J Oncol Res Ther 11: 10351. DOI: 10.29011/2574-710X.10351.

The heterogeneity observed among the included studies further
suggests that therapeutic efficacy is influenced by multiple
biological and methodological factors. Among these, the
immunosuppressive tumor microenvironment remains one of the
principal barriers limiting NK cell infiltration and cytotoxic activity
[52]. Likewise, the only study directly comparing autologous and
allogeneic NK cells reported superior outcomes for the allogeneic
approach, possibly reflecting the enhanced functional capacity
of NK cells obtained from healthy donors [59]. Nevertheless,
the currently available evidence remains insufficient to establish
definitive conclusions regarding the superiority of one therapeutic
strategy over another, making this an important area for future
investigation.

In addition to their encouraging efficacy, NK cell therapies
demonstrated an overall favorable safety profile, with most reported
adverse events being mild or moderate and severe toxicities
occurring infrequently [56]. However, these findings should
be interpreted cautiously given the substantial methodological
heterogeneity across studies, including differences in cancer
types, cell manufacturing protocols, therapeutic combinations,
and outcome assessment methods. Moreover, the predominance of
relatively small patient cohorts further limits the statistical strength
and generalizability of the available evidence.

Taken together, the findings of this systematic review suggest
that the principal challenge facing NK cell therapy is no longer
demonstrating its therapeutic potential, but rather achieving
methodological standardization. The consistently favorable clinical
outcomes observed across different studies indicate that NK cell-
based immunotherapy has considerable promise for the treatment
of solid tumors. Nevertheless, harmonization of manufacturing
procedures, dosing strategies, clinical endpoints, and reporting
standards will be essential to generate more robust evidence,
facilitate comparisons across clinical trials, and ultimately support
the incorporation of NK cell therapies into routine oncological
practice.

An important limitation of this systematic review is the limited
number of eligible studies identified after the screening process,
with only 20 publications fulfilling all predefined inclusion criteria.
Furthermore, the available evidence was highly unbalanced across
tumor types, as most studies investigated non-small cell lung cancer,
whereas breast and colorectal cancers remained underrepresented.
This imbalance reflects the current state of clinical research rather
than the study design itself and limits the possibility of drawing
equally robust conclusions for each malignancy. Therefore,
while the present review provides a comprehensive overview
of NK cell therapy across selected solid tumors, future disease-
specific systematic reviews and meta-analyses will be essential
to determine the clinical efficacy of NK cell therapy within each
individual cancer type.
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