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Abstract
Natural killer (NK) cell-mediated cancer immunotherapy has grown significantly over the past two decades. More recently, 
multi-specific engagers have been developed as cancer therapeutics to effectively arm endogenous NK cells to more potently 
induce specific cytolytic responses against tumor targets. This review explores the bi- and tri-specific NK/tumor engagers 
that are emerging as a new generation of immunotherapeutics. These molecules vary in configuration, but they typically have 
small molecular weights and domains that engage specific tumor antigens and NK cell-activating receptors such as CD16, 
NKp30, NKp46, and NKG2D. They have demonstrated compelling potential in boosting NK cell cytotoxicity against specific 
tumor targets. This highly adaptable off-the-shelf platform, which in some formats also integrates cytokines, is poised to 
revolutionize targeted NK cell immunotherapy, either as a monotherapy or in combination with other effective anti-cancer 
therapies.

Key Points 

Two main areas of NK cell-directed cancer immunother-
apy include adoptive transfer of NK cells and biological 
agents designed to enhance endogenous NK cells.

Bi-specific and tri-specific NK cell engagers are a new 
generation of cancer therapeutics that facilitate targeted 
NK cell-mediated antibody-dependent cellular cytotoxic-
ity against specific tumor antigens.

IL-15-bearing TriKETM promotes NK-cell proliferation, 
in conjunction with tumor targeting, while facilitating 
NK cell escape from immunosuppressive cells.

1  Introduction

Decades of fruitful research in uncovering basic natural 
killer (NK) cell biology has paved the way for novel NK cell-
mediated antitumor therapies. This has been further spurred 
by recent successes achieved in T cell-mediated immuno-
therapies involving chimeric antigen receptors (CAR), bi-
specific T-cell engagers (BiTEs), and checkpoint blockade, 
which catalyzed a renewed interest in the potential that NK 
cells hold as another subset of anti-tumor immune cells. The 
innate properties of NK cells in surveillance and clearance 
of abnormal cells, such as tumor cells, justify the emergence 
of NK cells as a promising tool in cancer immunotherapy. 
There are currently a number of NK cell products and NK 
cell-enhancing agents in ongoing clinical trials. Here, we 
review these therapeutic approaches with a particular focus 
on the targeted bi- and tri-specific NK cell engagers.

2 � Human NK Cell Functional Biology

NK cells are innate immune cells that can autonomously 
eliminate tumor and virus-infected cells. Unlike adaptive 
immune cells that require prior exposure and recognition 
of antigens, NK cells do not require prior sensitization to 
become activated [1]. A balance between activating and 
inhibitory signals determine NK cell responses against cells 
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they interact with. Killer cell immunoglobulin-like recep-
tors (KIR) on NK cells, like KIR2DL1, KIR2DL3, and 
KIR3DL2, bind to self major histocompatibility complex 
(MHC)-I, also referred as human leukocyte antigen (HLA), 
which is expressed on healthy cells and induces inhibitory 
signals upon said interaction [2]. Additionally, the c-type 
lectin heterodimer NKG2A/CD94 is another common inhibi-
tory receptor expressed by NK cells that recognizes HLA-E 
molecules and transmits inhibitory signals. In contrast, acti-
vating receptors like natural cytotoxic receptors (NCRs), 
including NKp30/NCR3, NKp44/NCR2, NKp46/NCR1, 
c-type lectin receptor complexes like CD94/NKG2C and 
NKG2D, and the low affinity Fcγ receptor, CD16 (FcγRIII), 
trigger cytotoxic responses in NK cells [3]. Unlike B cells 
and T cells, NK cells have germline-encoded receptors that 
do not undergo gene rearrangement.

Antibody-dependent cellular cytotoxicity (ADCC), a 
key mechanism of NK cell responses, is mediated by CD16 
crosslinking upon engagement of the Fc portion of an anti-
body (Fig. 1). This mechanism of action is potent and can 
be triggered without the combination of signals from other 
activating receptors [4]. Likely due to the robust nature of 
CD16 signaling, CD16 surface expression is tightly con-
trolled by A disintegrin and metalloproteinase (ADAM) 17 
that rapidly sheds CD16 on NK cells via clipping between 
residues 195 and 196 upon activation [5, 6]. Decreased sur-
face CD16 expression leads to dampened NK cell responses, 
highlighting the role of ADAM17 in maintaining NK cell 

homeostasis to prevent excessive killing and non-specific 
tissue damage. However, in the context of NK cell cyto-
toxicity against tumor targets, ADAM17 undesirably dimin-
ishes ADCC, and inhibition of ADAM17, or modification 
of CD16 to prevent ADAM17 activity, has gained interest 
in this context [6, 7]. Undeniably, long-term administration 
of ADAM17 inhibitors as a treatment for chronic diseases 
such as rheumatoid arthritis and inflammatory bowel disease 
has been shown to cause deleterious effects [8]. Neverthe-
less, with careful consideration, ADAM17 inhibition is still 
a viable approach for shorter term cancer treatments.

NK cell activation and inhibition are regulated by a com-
plex series of signaling pathways. Briefly, upon engagement 
of activating receptors with their ligands, activation signals 
propagate through tyrosine-based activation motif (ITAM)-
bearing adaptor proteins including FcεRIγ, CD3ζ, and the 
DAP12 [9]. Src family tyrosine kinases like Fyn, Lck, and 
Lyn phosphorylate the ITAM, which leads to recruitment of 
tyrosine kinase Syk and Zap70, which consequently cause 
phosphorylation of other proteins and activation of mito-
gen-activated protein kinases (MAPKs) and extracellular 
signal-regulated kinases (ERKs) [10]. Ultimately, these sig-
nals cause calcium ions (Ca2+) to release from intracellular 
compartments, activation of cytokine gene transcription, and 
actin cytoskeleton reorganization, resulting in the release of 
cytolytic granules containing perforin and granzyme. On the 
other hand, inhibitory signals propagate through tyrosine-
based inhibition motifs (ITIMs) found in cytoplasmic tails 

Fig. 1   Illustration of vari-
ous mono- or multi-specific 
engagers developed as biologics 
to enhance NK-cell effector 
functions. ADCC antibody-
dependent cellular cytotoxicity, 
Ag antigen, mAb monoclonal 
antibody, NKCE natural killer 
cell engager, ROCK® redirected 
optimized cell killing, TriKETM 
Tri-specific killer engager, 
TriNKET™ tri-specific NK-cell 
engager therapy. Created with 
BioRender.com
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of inhibitory receptors. Upon ligand engagement, ITIMs 
undergo phosphorylation and recruit phosphatases such as 
Src homology-containing tyrosine phosphatase 1 (SHP-1), 
SHP-2, and lipid phosphatase SH2 domain-containing inosi-
tol-5-phosphatase (SHIP), which dephosphorylate Lck, Fyn, 
Syk, Zap70, and Vav1 to terminate downstream activating 
signals [11, 12].

Productive NK cell contact with targets mediates forma-
tion of an immunological synapse (IS), which facilitates the 
delivery of cytolytic granules to target cells [13]. Perforin 
and granzyme enclosed in these granules function to kill 
target cells by puncturing the cell membrane and inducing 
apoptosis [14]. NK cell cytolytic degranulation is almost 
exclusively employed to ensure fast and efficient killing 
[15]. A recent study showed that upon depletion of perforin 
and granzyme, during serial killing, the NK cells switch 
from this methodology of killing to a slower death receptor-
regulated killing approach [16]. This process is mediated 
by CD95L (Fas Ligand) or TNF-related apoptosis-inducing 
ligand (TRAIL) present on NK cell surfaces, which induce 
target cell death when engaged with their respective death 
receptors on target cells [17, 18].

In addition to perforin and granzyme release, activated 
NK cells secrete a wide variety of chemokines such as mac-
rophage inflammatory protein (MIP)-1α, MIP-1β, inter-
leukin (IL)-8, and RANTES (CCL5) and cytokines such 
as interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), IL-10, IL-5, and IL-13 [19]. These factors orchestrate 
many adaptive immune cell behaviors. For instance, IFN-γ 
released by NK cells induce naïve T-cell differentiation into 
cytotoxic T cells [20]. Similarly, IFN-γ and TNF-α released 
by NK cells promote dendritic cells (DC) maturation and 
migration to draining lymph nodes [21]. In return, DCs pro-
duce IL-15 and IL-12 that contribute to NK cell survival and 
activation. Evidently, soluble factors released by NK cells 
steadily regulate the crosstalk between NK cells and other 
immune cells.

In the past decade, evidence has shown that NK cells 
display memory-like properties usually attributed to adap-
tive immune cells. Although antigen specificity is considered 
the hallmark of immunological memory in B and T cells, 
cytokine induction is one of the mechanisms described to 
generate memory-like NK cells where NK cell pre-activa-
tion by IL-12 and IL-18 plus IL-15 enhances persistence, 
proliferative capacity and cytotoxic responses to tumor 
targets upon re-stimulation [22, 23]. Exposure to human 
cytomegalovirus (HCMV) is a different well described 
way to induce NKG2Chi CD57+ adaptive NK cell genera-
tion [24–27]. A lower activation threshold is achieved when 
one or several intracellular signaling proteins including 
FcεRIγ, SYK and EAT-2 are downregulated upon exposure 
to HCMV which ultimately leads to increased anti-tumor 

responses when adaptive NK cells are activated [26, 28]. 
Despite sharing similar properties, active investigations in 
mouse and human NK cells have revealed that cytokine- 
and HCMV-induced memory/adaptive NK cells have dis-
tinct cellular and molecular mechanisms leading to discrete 
functionalities [29]. For example, in mice, both subsets of 
memory/adaptive NK cells have enhanced IFN-γ production 
upon stimulation but cytokine-induced adaptive NK cells do 
not display enhanced cytotoxicity when restimulated [30]. 
More research is needed to further explore and define these 
unique NK cell subpopulations.

3 � Natural Killer (NK) Cells in Cancer 
Immunotherapy

Over the years, NK cells have been extensively studied as a 
tool in cancer immunotherapy. There are two major areas of 
NK cell-directed immunotherapy: cellular therapeutics and 
biologics to enhance NK cell function. Both approaches are 
discussed in the subsequent sections, with more emphasis 
being placed in the targeted biologics.

3.1 � Cellular NK Cell Therapeutics

Hematopoietic stem cell therapy (HSCT) is historically a 
major form of rescue therapy post high-dose radiation and 
chemotherapy in treating patients with hematologic malig-
nancies like leukemia [31]. NK cells are the first lymphocyte 
group that repopulates post HSCT [32] and play an immedi-
ate role in inhibiting tumor recurrence [33]. Since NK cells 
display high efficiency in tumor clearance, this has led to 
the development of adoptive NK-cell transfer using autolo-
gous NK cells, donor-derived (allogeneic) NK cells, or other 
formats of NK cell products [34]. Unlike allogeneic T cell 
transfer approaches, NK cell transfer therapies have a low 
risk of graft-versus-host disease (GVHD) since activation 
and proliferation of alloreactive T cells are responsible for 
eliciting host tissue damage. However, simple autologous 
approaches using in vivo-expanded NK cells were found 
to have compromised cytotoxic responses partially due to 
the inhibitory effects mediated by interactions between the 
autologous NK cells and self MHC I molecules, resulting in 
low tumor regression [35]. Eventually, adoptive transfer of 
allogeneic or related donor NK cells became a more attrac-
tive alternative. Indeed, partial mismatch between inhibi-
tory KIR of haploidentical donor NK cell and patient HLA 
maximizes NK cell cytotoxicity and in vivo expansion with 
IL-2 administration post NK cell infusion [36]. In this study, 
a more intense preparative regimen of high-dose cyclophos-
phamide and fludarabine (Hi-Cy/Flu), which induced lym-
phopenia, led to higher endogenous IL-15 levels, donor NK 
cell expansion, and induction of complete remission in five 
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of 19 poor-prognosis patients with AML. This study dem-
onstrated that adoptively transferred human NK cells can be 
expanded in vivo. More recently, utilization of membrane-
bound IL-21 and 41BBL-expressing feeders has been used 
for robust in vitro expansion of NK cells for utilization in a 
number of clinical settings [37].

Adaptive NK cells that are a population of hyper-func-
tional yet naturally occurring NK cells, as discussed above, 
are also emerging as another form of therapeutic NK cells. 
Ex  vivo expansion of adaptive NK cells from healthy 
HCMV-seropositive individuals using IL-15 and a pharma-
cological GSK3 inhibitor, CHIR99021, has been previously 
described [38]. These culture-enriched NKG2C+CD57+ 
adaptive NK cells show enhanced effector functions. The 
efficacy of adaptive NK cells is currently being evaluated 
in several clinical trials [NCT03383055, NCT03081780, 
NCT03319459]. Cytokine-induced memory-like (CIML) 
NK cells are also being tested clinically to treat AML, 
multiple myeloma (MM), and head and neck cancer 
patients [NCT02782546, NCT01898793, NCT03068819, 
NCT04354025,  NCT04024761,  NCT04634435, 
NCT04290546]. Initial results from a phase I/II clinical 
study revealed that CIML-NK cells demonstrated capa-
bilities to expand and actively respond to leukemia targets, 
resulting in complete remission in four out of nine AML 
patients above age 60 years [39] [NCT01898793]. These 
patients were pre-treated with Hi-Cy/Flu and CIML-NK 
cells administered were derived from donors with mis-
matched between KIR and their cognate HLA ligands.

Other alternative allogeneic NK cell sources include 
third-party NK cell products such as NK cell lines, induced 
pluripotent stem cells (iPSC) and umbilical cord blood 
(UCB)-derived NK cells. NK cell lines such as NK92 have 
demonstrated promising anti-cancer activity in clinical trials 
[40] [NCT03383978, NCT00900809, NCT00990717]. The 
lack of inhibitory receptors on NK92 cells results in maxi-
mum cytotoxicity towards a wide array of tumor types [41]. 
However, the genetic instability and high expansion rate of 
NK92 cells requires them to be irradiated prior to infusion, 
which compromise in vivo persistence [40]. Genetic modi-
fications of NK92 cells are being actively investigated to 
improve their efficacy as an adoptive immunotherapy. Most 
recently, a site-specific CRISPR genome-editing tool for 
NK92 cells using Cas9 ribonucleoproteins was developed, 
showing promising advancement to unleash NK92 cells 
persistence in killing cancer [42]. Many preclinical and 
clinical trials are also evaluating CAR-engineered NK92 
cells targeting various tumor antigens [43] [NCT02944162, 
NCT03027128, NCT02839954]. Similar to NK cell lines 
that can be used as an “off-the-shelf” therapy, UCB and stem 
cell-derived NK cells also hold great promises for the devel-
opment of effective cancer treatments. Not only do UCB-
derived NK cells share similar properties with peripheral 

blood NK cells, they also account for up to 30% of the lym-
phocyte population within UCB, which is approximately 
three times more than in peripheral blood [44]. A recent clin-
ical study [NCT03056339] utilizing UCB NK cells express-
ing a CAR against CD19 and producing IL-15 showed 
promising clinical effects against B-cell cancers while also 
displaying minimal toxicity [45]. CAR-NK clinical and pre-
clinical studies have been comprehensively described prior 
[46–48]. Besides isolation of NK cells from UCB, CD34+ 
hematopoietic progenitor cells found in abundance in UCBs 
can be differentiated into homogenous NK cells in large 
scales to be used in adoptive cell therapy [49]. Similarly, 
NK cells can also be easily differentiated and genetically 
manipulated from iPSCs, allowing unlimited scalability for 
adoptive transfer therapy [50–54]. Several variants of iPSC-
derived NK cell products are currently undergoing phase 
I clinical investigations as a monotherapy or in combina-
tion with various other anti-tumor treatments. This includes 
FT500, the first-in-class, off-the-shelf, iPSC-NK cell therapy 
for advanced solid tumors [NCT03841110] [55]; FT516 that 
expresses high-affinity, non-cleavable CD16 (hnCD16) for 
treating AML or B cell lymphoma [NCT04023071]; FT596 
that expresses anti-CD19 CAR, hnCD16 and membrane-
bound IL-15 for treating chronic lymphocytic leukemia 
or B cell lymphoma [NCT04245722]; and FT538 with 
hnCD16, membrane-bound IL-15 and CD38 knockout for 
AML or MM treatment [NCT04614636]. While the safety 
profile of these platforms is still being actively investigated 
to determine if they are indeed safer than T-cell platforms, 
off-the-shelf NK-cell approaches garner a great deal of clini-
cal potential.

3.2 � Biologics to Enhance NK Cell Functions

Another prominent area of interest in NK cell immunother-
apy involves the use of biologics to amplify endogenous or 
transferred NK cell activity. Although adoptive transfer of 
NK cells shows encouraging potential in combating cancers, 
those treatments can be limited by engraftment efficiency, 
risk of GvHD elicited by contaminating donor T cells within 
the graft, high cost of treatment, time-consuming processes 
to generate large numbers of NK cells, and risky prepara-
tive lymphodepleting treatments. Biologics that enhance 
NK cell function endogenously do not share most of these 
issues and thus have potential as individual or complimen-
tary approaches to NK cellular therapy.

3.2.1 � Cytokine‑Based NK Cell Enhancement

NK cell development and priming relies heavily on cytokine 
signaling. IL-2 and IL-15 play key roles in regulating NK 
cell function. These cytokines signal through common 
receptor subunits that include the gamma-chain (γc) chain/



581Bi-specific and Tri-specific NK Cell Engagers

CD132 and the IL2Rβ/ IL15Rβ/ CD122 complex [56]. IL-2 
and IL-15-based therapeutics have been developed based on 
their ability to enhance NK-cell proliferation, survival, and 
cytotoxic abilities.

IL-2-based immunotherapy has been demonstrated to 
mediate tumor regression in early studies of patients with 
advanced cancer [57]. However, further studies showed that 
patient survival did not improve and severe adverse side 
effects were reported post high-dose IL-2 treatment such as 
vascular leak syndrome, pulmonary edema, and hypoten-
sion, among others [58, 59]. Low-dose IL-2 also preferen-
tially expands regulatory T cell (Treg) populations, leading 
to increased immunosuppression, which may play a signifi-
cant role in limiting lymphocyte anti-tumor responses [60]. 
While IL-2 monotherapy is faced with major challenges 
associated with toxicity, its combination with other anti-
cancer immunotherapies is being evaluated in the clinic [61].

IL-15 is an attractive substitute for IL-2 for NK cell 
immunotherapy as it has a prominent role in NK cell devel-
opment, supports NK cell function and persistence in a simi-
lar fashion to IL-2, and does not induce Treg proliferation 
due to its utilization of IL-15Rα rather than IL-2Rα for sign-
aling [56]. Various formats of IL-15 molecules have been 
created for clinical use. For example, monomeric recom-
binant human IL-15 (rhIL-15) treatment has shown thera-
peutic benefits as a monotherapy and also in combination 
with other anti-cancer therapies [62, 63] [NCT01727076, 
NCT01385423, NCT02395822]. Additionally, IL-15 recep-
tor complexes have also been developed to enhance potency 
by mimicking cell trans-presentation of IL-15. These com-
plexes have been tested in the clinic, such as the heterodi-
meric mammalian IL-15/IL-15Rα (hetIL-15) molecule, 
which as the name suggests, consists of IL-15 and IL-15Rα 
components [64] [NCT04261439]; the SO-C101 molecule 
that is a receptor-linker-IL-15 (RLI) comprised of IL-15 
linked to IL-15Rα sushi domain [65] [NCT04234113]; and 
the N-803 molecule (formerly known as ALT-803) which 
contains a mutated IL-15 “supergonist” linked to the sushi 
domain of IL-15Rα fused with human IgG1 Fc fragment [66] 
[NCT01946789]. Clinical use of IL-15 has garnered a lot of 
interest across a number of settings either as a monotherapy 
or in combination with other immune-oncological therapies.

3.2.2 � Monoclonal Antibody Treatment

Monoclonal antibodies (mAbs) are well-established thera-
peutics that in some instances, depending on the Fc portion 
of the antibody, mediate NK cell ADCC against tumors [67] 
(Fig. 1). Selectively coating tumor cells with mAbs provide 
strong activating signals to NK cells, resulting in enhanced 
ADCC. However, the benefits of mAbs depend on a number 
of factors such as: the affinity of mAbs against the tumor 
antigen, which determines cytotoxic potency; affinity of 

CD16 against the Fc portion of the mAb; specificity of mAb 
against antigens uniquely expressed by cancer cells and not 
healthy cells; antigen density on target cells that can be regu-
lated by recycling or internalization of antigens; and mAb 
bioavailability to the tumor [68].

In 1997, rituximab, an anti-CD20 mAb, was first approved 
to be used for treating non-Hodgkin’s lymphoma [69]. This 
was followed by various mAb that eventually developed 
into the standard of care for treating solid and blood cancers 
including cetuximab (anti-EGFR for colorectal and head and 
neck cancers) [70], trastuzumab (anti-HER2 for breast can-
cer) [71], dinutuximab (anti-GD2 for neuroblastoma) [72], 
daratumumab (anti-CD38 for MM) [73], among others. To 
fully unleash the efficacy of mAb treatments, they are often 
paired with other immunomodulatory treatments actively 
being tested in the clinic [NCT03769311, NCT04590963, 
NCT04644237, NCT02573896, NCT02944565].

Although various other innate immune cells including 
monocytes, macrophages, neutrophils, eosinophils, and 
dendritic cells are capable of mediating ADCC [74], NK 
cell-mediated ADCC was shown to significantly contrib-
ute to the success of mAb treatments such as rituximab and 
trastuzumab for hematological and solid tumors [75, 76]. 
It was revealed that patients with homozygous 158 valine/
valine (V/V) alleles of CD16a, which has higher affinity 
to therapeutic antibody, displayed significantly improved 
clinical responses upon rituximab treatment as compared 
to patients with weaker phenylalanine (F) allele of CD16a 
[75]. In order to improve NK cell ADCC, approaches to 
modify the Fc portion of antibodies to enhance CD16 bind-
ing have been employed [77]. Conversely, in instances where 
ADCC is not desirable, the Fc binding has also been silenced 
through genetic manipulation. In addition to NK cell recep-
tor binding affinity, a low pre-treatment NK cell count in 
peripheral blood is associated with worse outcome upon 
antibody treatment [78]. mAb treatment can also correlate 
to differential NK cell homing and infiltration to the tumor 
microenvironment (TME), which can influence outcomes. 
For example, the treatment efficacy of trastuzumab against 
breast cancer was shown to positively correlate with higher 
numbers of tumor-infiltrating NK cells [79]. Collectively, 
these factors support the notion that NK cells have a role in 
mAb treatment outcomes.

3.2.3 � Checkpoint Blockade

NK cells naturally possess inhibitory receptors to restrain 
them from damaging normal and healthy tissues. Like other 
immune cells, NK cell inhibitory receptors consist of an 
ITIM within their cytoplasmic domain that dampens activa-
tion signals [80]. This inhibitory property clearly opposes 
NK cell anti-tumor functions, and therefore motivated 
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the development of a wide array of checkpoint blockade 
approaches to influence NK cell activity.

Programmed death 1 (PD-1) and cytotoxic T lympho-
cyte antigen-4 (CTLA4) checkpoint blockades have achieved 
major successes in overcoming T-cell tolerance against 
various cancers [81–83]. While some studies have shown 
that NK cells within the tumor microenvironment express 
PD-1 and may be functionally impacted by PD-1 checkpoint 
blockade [84–89], including a recent human study, other 
studies demonstrated minimal PD-1 expression on NK cells 
highlighting the controversy of NK cell immunoregulation 
and anti-PD-1 treatments [90, 91]. Although expression of 
PD-1 on circulating NK cells has been controversial, combi-
nation treatment of multiple mAbs targeting both activating 
and inhibitory receptors has been shown to further enhance 
tumor clearance by NK cells. For example, blocking PD-1 
on NK cells with high PD-1 expression with nivolumab can 
reverse NK cell dysfunction and greatly improve cetuximab-
mediated NK cell cytotoxicity against head and neck cancer 
[85]. CTLA4 expression, however, has not been found on 
NK cells. Further investigations are needed to more clearly 
identify the expression levels of PD-1 and CTLA4 on NK 
cells to determine the efficacy of these well-known check-
point blockades on NK cells.

The KIR family are by far the most studied group of 
inhibitory receptors expressed by NK cells [2, 92]. The 
constant interactions between KIR and MHC-I molecules 
is the driving factor in NK-cell “education,” a dynamic pro-
cess that ensures mature NK cells gain and retain maximal 
cytotoxic functions when encountered with targets that do 
not express MHC-I [93]. Since tumors develop from normal 
cells, in many instances they maintain MHC-I expression 
and thereby send inhibitory signals upon engagement with 
KIR on NK cells, resulting in restricted anti-tumor response. 
This inhibitory interaction can be blocked with an anti-KIR 
antibody. The KIR2D-specific mAb, IPH2101, tested clini-
cally in AML and MM patients, showed efficient KIR2D 
binding and some enhanced tumor cytotoxicity by NK cells 
[94, 95] [NCT00552396, NCT01248455]. Unfortunately, 
further clinical studies of patients with smoldering MM 
showed no therapeutic benefit [96], and this was later found 
to be due to inhibited interactions between KIR2D and its 
cognate ligand that prevented NK cells from becoming “edu-
cated,” and hence decreased overall NK cell function against 
MM cells [97].

NKG2A, which forms a heterodimer with CD94, is 
another inhibitory receptor found on NK cells that has been 
targeted as a checkpoint blockade. Like KIR, NKG2A is 
selectively expressed on NK cells but studies have shown 
upregulation of NKG2A expression post IL-12 treatment, 
suggesting that NK cells in the TME that are exposed to 
IL-12 likely have restricted anti-tumor responses [98]. The 
ligand of NKG2A, HLA-E, was found to be expressed by 33 

tumor types, supporting the notion that blocking NKG2A 
may have therapeutic potential [99]. These findings, along 
with other preclinical studies, have brought an anti-NKG2A 
mAb, IPH2201-monalizumab, into clinical trials in combi-
nation with other treatments for various tumor types [100] 
[NCT02643550, NCT02671435]. However, like inhibitory 
KIR, NKG2A is also involved in NK cell education, thus the 
issues seen in the KIR blockade trials might also influence 
the outcome of NKG2A blockade [101–103].

T-cell immunoreceptors with Ig and ITIM domains 
(TIGIT) and T-cell immunoglobulin mucin receptor 3 
(TIM3) are inhibitory receptors expressed on both T cells 
and NK cells [104, 105]. Interestingly, unlike other inhibi-
tory receptors described, TIM3 does not have defined inhibi-
tory cytoplasmic signaling motifs but can suppress NK-cell 
activation upon engagement with its ligand, galectin-9, 
which is commonly expressed on tumors and is associated 
with cancer metastasis [105, 106]. The expression of both 
TIM3 and TIGIT were found to be regulated by cytokines 
present in the surrounding of NK cells [105, 107]. In vitro 
and preclinical mouse models showed blockade of TIGIT 
promoted NK cell-dependent tumor immunity [108, 109]. 
Several clinical trials are ongoing to examine the efficacy 
of TIGIT and TIM3 antagonists in combination with other 
therapeutics [NCT02913313, NCT03066648].

3.2.4 � Bi‑ and Tri‑specific Engagers

Over the past decade a number of efforts, using bi- and tri-
specific engagers to target NK cells to specific tumor anti-
gens, have come to light and are starting to be translated 
into the clinic. These molecules are typically composed of 
two or more antibody fragments connected via short flex-
ible linkers.

Affimed, based in Heidelberg, Germany, brought its bi-
specific redirected optimized cell killing (ROCK®) antibody 
platform into the clinic first. This platform is a tetravalent bi-
specific antibody (bsAb) that consists of two diabodies with 
Fv domains against CD16a and a tumor-associated antigen 
[110] (Fig. 1). The format of CD16a binding in this mole-
cule is not disrupted by serum IgG and keeps the Fc-binding 
region free, allowing for combination treatment with mAb to 
further enhance NK cell-mediated ADCC. AFM13, which 
binds CD30, has been tested against relapsed or refractory 
Hodgkin or non-Hodgkin lymphoma, alone or in combina-
tion with checkpoint blockade, in a number of clinical trials 
[111, 112] (Table 1). This state-of-the-art bispecific diabody 
molecule has demonstrated surprising safety across a broad 
range of doses from 0.05 to 7 mg/kg in the clinic with a 
disease control rate of 77%. Affimed has also developed 
engagers against EGFR (AFM24) for solid tumor treatment 
[113], and B-cell maturation antigen (BCMA) (AFM26/ 
RO7297089) for treatment of MM [114], both of which 
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entered the clinic last year, as well as AFM28 and AFM32, 
which are under preclinical studies (Table 1).

Dragonfly Therapeutics, based in Waltham, Massachu-
setts, has developed a Tri-specific NK cell Engager Thera-
pies (TriNKET™) technology. Though not much infor-
mation is publicly available for this platform it seems to 
consist of multi-specific NK cell engagers targeting CD16 
and NKG2D receptors on NK cells and a tumor-associated 
antigen (Fig. 1). DF1001, their first TriNKET™ to hit the 
clinic, is specific against HER2 and is currently being evalu-
ated as a treatment of advanced solid HER2-positive tumors 
and in combination therapies with the anti- PD-1 antibody 
pembrolizumab (Table 1). Besides HER2-specific DF1001, 
several other TriNKETs™ targeting hematological malig-
nancies, such as DF2-3-4-5001, are currently under develop-
ment [115, 116].

More recently, a novel trifunctional NK cell engager 
(NKCE) consisting of antibody fragments targeting two 
NK cell-activating receptors, CD16 and NKp46, and one 
tumor-associated antigen including CD19, CD20, or EGFR 
has been described [117] (Fig. 1). In this study, in vitro and 
preclinical mouse models showed more efficient tumor clear-
ance with NKCE treatments as compared to mAbs. Innate 
Pharma, based in Marseille, France are developing these 
engagers, IPH6101/ SAR443579 and IPH62, which will 
soon be available in the clinic for testing.

Another newly established multi-specific engager against 
NKp46 is the tetravalent bispecific trifunctional antibody, 
also known as FLEX-NK®, which is developed by Cytovia 
Therapeutics, based in New York, NY, USA. CYT 303 and 

CYT 338 are FLEX-NK® engagers against GPC3, a glyco-
protein highly expressed on solid tumors, and CD38 to treat 
solid cancers and MM respectively [118].

CTX-8573 is another novel multi-specific engager devel-
oped by Compass Therapeutics, based in Boston, MA, 
USA, that targets BCMA and elicits potent cytotoxicity in 
NK and γδ T cells by engaging with activating receptors 
including NKp30 and CD16a [119]. Preclinical investiga-
tion has shown robust enhanced killing of tumor cells both 
in vitro and in vivo with CTX-8573 treatment. No evidence 
of systemic immune activation or toxicity was displayed in 
a non-human primate model, suggesting promising potential 
of CTX-8573 advancement into the clinic.

4 � Development of First‑Generation BiKE 
and TriKETM Molecules

Since ADCC, initiated by CD16 activation, is a prominent 
mechanism of action by NK cells against tumor cells, target-
ing CD16 on NK cells is a logical therapeutic choice [120]. 
Like the previous bi- and tri-specifics described, which all 
utilize CD16 mediated activation, this insight led to the 
development of Bi- and Tri-specific Killer Engager (BiKE 
and TriKETM) molecules that engage CD16 to ensure maxi-
mum activation of NK cells.

The BiKE and TriKETM molecules each have two or 
three scFvs, which consist of a variable heavy (VH) and a 
light (VL) chain, or single domain antibodies (VHH) con-
nected by short peptide linkers [120]. These scFv or VHH 

Table 1   List of selected clinical trials involving natural killer (NK) cell bi- and tri-specifics

AML acute myeloid leukemia, BCMA B cell maturation antigen, EGFR epithelial growth factor receptor, HER-2 human epidermal growth factor 
receptor 2, MDS myelodysplastic syndrome, MM multiple myeloma, NK natural killer, PD-1 programmed cell death-1, R/R relapsed or refrac-
tory, TriKETM trispecific killer engager, TriNKET™ trispecific NK engagement therapy, UCB umbilical cord blood

Bi- or tri-specific engagers Condition(s) Treatment approach Trial phase (status) Trial identifier

AFM13 ROCK® (tetravalent bi-
specific anti-CD30/CD16a)

Peripheral T-cell lymphoma, 
transformed mycosis fungoides

Monotherapy Phase II (recruiting) NCT04101331

R/R Hodgkin lymphoma Monotherapy Phase II (completed) NCT02321592
R/R cutaneous T-cell lymphoma Monotherapy Phase I/II (completed) NCT03192202
R/R Hodgkin lymphoma Monotherapy Phase I (completed) NCT01221571
R/R Hodgkin lymphoma In combination with Pembroli-

zumab (anti-PD-1)
Phase I (completed) NCT02665650

R/R Hodgkin or non-Hodgkin 
lymphoma

In combination with UCB-
derived NK cell therapy

Phase I (recruiting) NCT04074746

AFM24 ROCK® (tetravalent bi-
specific anti-EGFR/CD16a)

Advanced solid tumors Monotherapy Phase I/II (recruiting) NCT04259450

AFM26 ROCK®/RO7297089
(bi-specific anti-BCMA/CD16a)

R/R MM Monotherapy Phase I (recruiting) NCT04434469

DF1001 (anti-HER2 TriN-
KET™)

HER2+ solid tumors In combination with pembroli-
zumab (anti-PD-1)

Phase I/II (recruiting) NCT04143711

GTB-3550 (CD16/ IL-15/CD33 
TriKETM)

High-risk MDS and R/R AML Monotherapy Phase I/II (recruiting) NCT03214666
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are specific for CD16 on NK cells and tumor antigen on 
tumor cells (Fig. 1). TriKETM molecules contain an IL-15 
cytokine moiety, based on the fact that CD16 ligation alone 
does not induce proliferation. To date, BiKEs and TriKEsTM 
have been generated against CD19/CD22 on B-cell non-
Hodgkin’s lymphomas [121, 122]; CD33 and CLEC12A 
on AML, myelodysplastic syndrome (MDS) and neoplastic 
mast cells [123–127]; and EpCAM, CD133, and B7-H3 on 
various solid tumor types such as breast, prostate, colon, 
ovarian, non-small-cell lung cancer, and head and neck can-
cers [128–133]. Compared to whole antibody molecules that 
are approximately 150kDa, BiKE and TriKETM molecules 
are smaller and range from 50 to 96 kDa [121, 134]. This 
is also true for most of the bi- and tri-specific molecules 
discussed in the previous section.

The production of BiKE and TriKETM molecules has 
been previously described [120]. Briefly, the components 
of the BiKE or TriKETM must first be designed by identify-
ing sequences of scFv or VHHs against specific antigens of 
interest and appropriate linkers that are flexible and provide 
optimal separation between scFv or VHH [135]. Stretches 
of small and hydrophilic amino acids like glycine (G) and 
serine (S) can provide necessary flexibility to linkers, as 
demonstrated by the (GGGGS)3 peptide designed by Hus-
ton et al. [136, 137]. Once the sequences of each compo-
nent have been identified, they can then be incorporated into 
vectors to be expressed in either the bacterial or mamma-
lian expression systems. Although the bacterial expression 
system is more time and cost efficient [138], proteins pro-
duced can sometimes be shuttled to inclusion bodies, which 
requires the use of detergent for extraction of the proteins, 
thus necessitating refolding of said proteins, a factor that 
may introduce more variables and create inconsistency in 
the proteins generated [139]. In contrast, the mammalian 
expression system using Expi293 cells allows proteins to be 
directly collected from culture supernatant without refold-
ing. The Gibson assembly method is used to clone selected 
sequences into appropriate vectors [140]. The final step 
involves protein purification through an ion exchange col-
umn and size exclusion chromatography, or column isolation 
with an affinity tag (usually His).

Given the clinical success demonstrated by BLINCYTO 
(blinatumomab, Amgen), a bi-specific T-cell engager 
(BiTETM) against CD19 [141], the following molecules were 
produced for targeting B-cell non-Hodgkin’s lymphomas: 
an original BiKE consisting of one scFv against CD16 and 
one scFv against CD19, and a tri-specific engager against 
CD16, CD19, and CD22 [121]. When compared to the 
BiKE, the tri-specific engager had similar enhancement of 
NK-cell degranulation and cytokine release upon activation. 
This suggested that in the settings tested, one scFv targeting 
tumor cells was sufficient. An improved tri-specific engager, 
termed TriKETM, was later developed to accommodate a 

novel modified human IL-15 as a functional linker between 
two scFv segments [124]. In addition to target specificity, 
absolute NK cell count is equally important for clinical 
efficacy. Since IL-15 plays a role in NK cell development, 
homeostasis, proliferation, survival, and activation [142], 
the goal of this modification was to improve NK cell main-
tenance and expansion by directly delivering IL-15 to NK 
cells in addition to mediating killing of tumors. TriKETM is 
the first multi-specific molecule that incorporates not only 
engagers against NK cells and tumor targets, but also a func-
tionally significant IL-15 linker. As expected, the TriKETM 
against CD16 and CD33, termed 161533 TriKETM, not only 
enhanced NK cell-mediated anti-tumor responses against 
CD33+ targets, but also improved NK cell survival, prolif-
eration, and persistence in vivo [124]. Revisiting the CD19 
targeting, a TriKETM expressing IL-15, termed 161519, 
was later described [122]. This molecule demonstrated 
in vitro NK specific proliferative activity, as well as cytol-
ytic activity in vitro against Raji cells (Burkitt’s lymphoma) 
and primary CLL tumor. A similar 161519 molecule was 
later generated by a separate group, reproducing many of 
the initial 161519 in vitro findings but also demonstrating 
in vivo activity [143]. While these approaches complement 
the BiTE and CAR-T studies targeting CD19, they might 
also offer reduced toxicity given their mechanism of action 
through NK cells instead of T cells.

As discussed previously, BiKEs and TriKEsTM have also 
been generated to target solid tumors. The epithelial cell-
adhesion molecule (EpCAM) is known for its expression 
in various types of carcinoma such as colon, ovary, breast, 
and prostate cancers, and is thus a marker with high thera-
peutic potential [144]. A BiKE with scFvs targeting CD16 
and EpCAM was previously developed and showed enhanced 
in vitro NK cell killing of prostate, breast, colon, and head 
and neck cancer even at very low effector: target ratios [132]. 
An EpCAM TriKETM, containing an IL-15 moiety between 
the anti-CD16 and anti-EpCAM scFvs, was later described 
and demonstrated not only enhanced cytolytic activity and 
inflammatory cytokine production, but also increased NK cells 
proliferative capacity when compared to the EpCAM BiKE 
[128]. In addition to EpCAM+ tumor targets, CD133-express-
ing cancer stem cells (CSC) are emerging as a new treatment 
target due to their cancer-initiating characteristics [145]. A 
CD133-targeting TriKETM termed 1615133 TriKETM that 
consists of an IL-15 linker between two scFvs against CD16 
and CD133 was generated and described to efficiently enhance 
NK cell killing of CSCs [130]. These findings have led to 
the development of a tetra-specific killer engager (TetraKE 
or dual targeted TriKETM) specific for CD16, EpCAM, and 
CD133 held together by a modified IL-15 linker, referred as 
1615EpCAM133, which facilitates dual-antigen ADCC and 
displayed capability to attack solid cancer and its basal roots, 
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the CSC [131]. Taken together, the first generation TriKETM 
platform displayed promising translational potential.

5 � BiKEs and TriKEsTM Help NK Cells 
Overcome Suppressive Cells

One of the biggest hurdles faced by endogenous and therapeu-
tic NK cells is the encounter of an immune-suppressive TME, 
especially in solid tumors. High levels of tumor-infiltrating 
NK cells provide better prognosis but the presence of immune-
suppressive cells, like Tregs and myeloid-derived suppressor 
cells (MDSCs), in the TME undesirably weaken NK cell func-
tions, leading to tumor progression [146]. In MDS patients, 
the number of MDSCs is reported to be significantly higher 
than healthy individuals, which partly explains reduced NK 
cell counts in these patients [147]. With limited NK cell sur-
veillance, disease progression is augmented. A BiKE against 
CD16 and CD33 was initially developed to facilitate NK-cell 
engagement with AML tumor targets [147]. In this study, 
the 1633 BiKE not only increased NK cell-driven killing of 
CD33+ tumor cells, but also induced lysis of MDSCs that 
expressed CD33. In vitro, the CD33-targeting BiKE was capa-
ble of reversing MDSC immunosuppression on NK cells.

It is essential to understand the inhibitory mechanisms 
adopted by immune-suppressive cells in order to develop 
effective NK cell-mediated anti-cancer therapeutics. It has 
been previously reported that NK cells upregulate TIGIT in 
the presence of soluble IL-15 [108]. This consequently leads to 
higher interaction of TIGIT on NK cells with its high affinity 
ligand, CD155, expressed on MDSCs. The MDSC-NK cell 
interaction results in suppressed NK-cell proliferation, degran-
ulation, and IFN-γ production when activated [108, 148] . 
However, IL-15 presented as a linker in 161533 TriKETM did 
not alter TIGIT expression on NK cells and, therefore, con-
tributed to MDS-NK cell resistance to immune-suppressive 
cells like MDSCs [149]. Since MDSCs are also targeted by 
the 161533 TriKETM, NK cell-mediated MDSC lysis also con-
tributed to the relieved suppression. Although the evolution-
ary role of immune-suppressive cells is to maintain immune 
homeostasis, cancer immunotherapy aims to unleash this 
control especially in the tumor microenvironment. Therefore, 
CD33-targeting TriKETM shows promising potential to surpass 
MDSC inhibition in the suppressive tumor milieu.

6 � Clinical Implementation 
of First‑Generation TriKETM (GTB‑3550)

The main goal of TriKETM molecules is to drive directed 
cytotoxicity against tumor targets through creation of a cyto-
lytic bridge or synapse between the NK cell and the tumor, 
and to deliver IL-15 specifically to the NK cell to enhance 
NK-cell expansion, survival, and priming. GT Biopharma, 

Beverly Hills, CA, USA, currently has one TriKETM in the 
clinic, 161533 TriKETM (GTB-3550), with several others in 
the pipeline. The robust anti-tumor activities and enhanced 
proliferation of NK cells post GTB-3550 treatment in pre-
clinical studies led to the onset of a phase I/II clinical trial 
involving patients with relapsed and/or refractory AML or 
high risk MDS [NCT03214666]. In this study GTB-3550 is 
infused intravenously in three blocks of 96 h over the course 
of 3 weeks. Initial findings were recently presented at the 
American Society of Hematology annual meeting, showing 
GTB-3550 TriKETM safely drives robust NK-cell prolifera-
tion/expansion in the initial cohorts of patients [150]. NK-
cell activation was reported to increase 3 days post GTB-
3550 treatment, with maximal proliferation seen at day 8 
and robust NK-cell expansion seen in all patients evaluated 
by the end of treatment. Unlike the adverse toxicity caused 
by rhIL15 infusion at a maximum tolerated dose as low as 2 
µg/kg/day [151] [NCT01572493], patients treated with 5, 10, 
and 25 µg/kg/day GTB-3550 TriKETM did not show toxic-
ity, indicating that IL-15 sandwiched between two scFvs is 
less toxic and encourages efficient and direct IL-15 delivery 
to CD16+ NK cells. Although significant clinical efficacy 
has yet to be reported, higher-dose cohorts may clarify the 
potential of GTB-3550 as a therapy for AML and MDS 
patients. Future clinical studies will address the continuous 
infusion dosing strategy for more patient-friendly adminis-
tration. Approaches with subcutaneous injections, previously 
tested on rhIL-15 and blinatumomab, or modifications to 
make the engager larger or cleared less have increased the 
half-life of these types of molecules and thus hold prom-
ise for TriKETM immunotherapy [62, 152] [NCT01727076, 
NCT02961881, NCT04521231].

7 � Second‑Generation TriKEsTM

A recent study has shown that the mutant IL-15, with an 
N72D substitution, that is incorporated within 161533 
TriKETM is significantly less potent than recombinat 
human wildtype IL-15 (rhIL-15) on its own, leading to 
the development of the second-generation TriKETM [125]. 
Potentially due to steric hindrance of two scFv arms in the 
first generation 161533 TriKETM, the incorporation of wild 
type IL-15 (wtIL15) resulted in a non-functional first gen-
eration molecule. Therefore, in order to develop a second-
generation TriKETM containing  wildtype IL-15, the scFv 
anti-CD16 arm was replaced with a smaller humanized sin-
gle-domain anti-CD16 VHH derived from camelids, termed 
cam16. With these modifications, the second-generation 
cam16-wtIL15-33 TriKETM is functionally superior to the 
first-generation TriKETM, displaying better proliferative 
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activity on NK cells, and inducing better tumor control 
in vitro and in preclinical mouse models [125].

The second-generation platform was also employed in 
a different study targeting CLEC12A also in the myeloid 
malignancy setting [126]. The initial 161533 TriKETM has 
potential off-target effects against normal CD33-expressing 
myeloid and myeloid progenitor cells [149]. CLEC12A is 
expressed steadily on AML blasts but less so on nonmalig-
nant hematopoietic stem cells (HSCs), making this a more 
suitable tumor antigen to target [153]. In fact, various other 
therapies under development such as conjugated antibodies 
and CAR T-cell therapy are utilizing CLEC12A as a target 
[154–156]. Nonetheless, CLEC12A-directed CAR T-cell 
therapy and antibody-drug conjugates may lead to long 
lasting cytopenias due to high perseverance of this treat-
ment approach. One advantage the TriKETM approach offers 
is quick turnover, allowing for reduced toxicities through 
quicker drug withdrawal. Altogether, CLEC12A TriKETM 
can efficiently target AML cells while sparing healthy HSCs, 
suggesting a promising option for clinical translation.

Similar to the EpCAM approaches previously described 
with the first generation TriKETM, B7-H3 is another marker 
commonly expressed by solid tumors that has gained great 
interest as a target for cancer therapeutics [157]. There are 
several ongoing clinical trials targeting B7-H3 using Fc 
optimized antibodies [NCT02982941] and CAR T cells 
[NCT04077866]. Using the second-generation TriKETM 
bioengineering platform, a TriKETM was described incorpo-
rating an anti-B7-H3 scFv, termed cam1615B7H3 TriKETM 
[133]. Besides improving in vitro NK cell killing of ovarian, 
prostate, and lung cancers, treatment with cam1615B7H3 
TriKETM also demonstrated potent activity in a xenoge-
neic ovarian cancer model. This evidence supports clinical 
development of second-generation solid tumor-targeting 
TriKEsTM.

8 � Advantages and Future Directions 
of TriKETM

The TriKETM platform is versatile and has many advantages 
as a cancer therapeutic. Firstly, the small molecular size of 
the TriKETM molecule increases biodistribution which is 
especially important in targeting solid tumors [158–160]. 
The incorporation of IL-15 in a TriKETM molecule ensures 
direct delivery of IL-15 to NK cells and strongly limits off-
target CD8+ T cell stimulation. rhIL-15 has been tested to 
enhance adoptive cell therapies [62, 161], so it makes sense 
that the TriKETM could be used as a combination therapy 
with adoptive cell transfer to enhance NK cell killing and 
persistence. Furthermore, to overcome rapid CD16 clipping 
by ADAM17 upon activation, TriKEsTM could be used in 
conjunction with ADAM17 inhibitors. This approach was 

previously investigated using CD16xCD33 BiKE, which 
showed further enhancement in NK-cell killing of AML tar-
gets [123]. The feasibility to readily engineer and produce 
TriKEsTM highlights the flexibility of this platform to gener-
ate a variety of molecules targeting many types of cancer.

The established TriKETM platform shows convincing 
translational potential. However, modifications can still be 
made to maximize TriKETM efficacy in mediating NK-cell 
killing of tumor targets. Existing TriKETM molecules only 
target CD16 on NK cells but a TriKETM molecule specific for 
other NK-cell activating or co-stimulatory receptors holds 
equal potential in facilitating NK cell-mediated ADCC. For 
instance, NKG2D and 2B4 co-engagement has been shown 
to induce similar activation as CD16 alone [162]. This is a 
potential alternative approach to avoid weakened NK cell 
activation due to rapid shedding of CD16 by ADAM17 upon 
activation [5]. Inhibitory scFvs against checkpoint recep-
tors such as TIGIT, PD-1, KIRs, and NKG2A may also be 
incorporated into TriKEsTM to block inhibitory signals. 
Similarly, TGF-β-mediated NK-cell suppression, especially 
in solid tumor TME, may be blocked using a TriKETM with 
TGF-β antagonism. Since TriKEsTM are amendable to target 
any antigen of interest, a wide variety of TriKEsTM with 
unique specificity can be generated. These antigens include, 
but are not limited to, EGFR (for breast, glioma, lung, colon, 
and head and neck tumors), HER2 (for breast, colon, lung, 
ovarian, and prostate tumors), CEA (for breast, colon, and 
lung tumors), CD30 (for Hodgkin’s lymphoma), CD52 
(for chronic lymphocytic leukemia), gpA33 (for colorectal 
tumor), PSMA and Trop-2 (for prostate tumor) and VEGFR 
(for epithelium-derived solid tumors) [160]. Collectively, the 
TriKETM platform holds great potential in establishing a new 
avenue of cancer immunotherapy.

9 � Concluding Remarks

Cancer immunotherapy is constantly evolving as we better 
understand the complex dynamics between tumor cells and 
the immune system. With advancements made in genetic and 
molecular editing technologies, various sources of NK cells 
have been successfully modified to increase tumor clear-
ance efficiency. Needless to say, the generation of advanced 
NK cell biologics like modified IL-15 products, ROCK®, 
NKCE, TriNKET™, BiKE, and TriKE™ are made pos-
sible by active investigations along using novel genetic-
engineering platforms. As discussed in this review, NK cell 
products and immunomodulatory drugs both come with 
undesirable shortcomings. With considerations of cancer 
types, stage of disease, the immunosuppressive microen-
vironment, presence of immune cells in different compart-
ments, therapeutic-driven antigen escape, and drug-related 
toxicities, the future of NK cell-based immunotherapy likely 
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lies in a dynamic combination therapy approach rather than 
monotherapy. Based on the pool of knowledge uncovered 
by previous research and new insights that constantly arise, 
we as a field are motivated to further advance NK cell-based 
cancer therapy with the hope of achieving robust clinical 
efficacy as well as a wide therapeutic window.
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