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Emerging Frontiers in Immunotherapy: 
The Promise of NK-Cell Therapies 
By Lisa Astor

T HE LANDSCAPE OF cancer therapy 
has been witnessing a paradigm 
shift with the advent of immu-
notherapy treatments܌ especially 
for patients with hematologic 

malignancies. Smmunotherapies such as immune 
checţpoint inhibitors and autologous chimeric 
antigen receptor (C�R) T-cell therapies have led 
to considerable improvements in survival yet still 
come with efficacy limitations܌ manufacturing 
challenges܌ financial toǡicity܌ and significant 
safety risţs. ®witching to an allogeneic approach 
could help overcome such limitations and allow 
for treatment of more patients with fewer donors. 

tatural ţiller (tf)ܫcell therapies are increas-
ingly being eǡplored as an alternative and prom-
ising approach to immunotherapy. Katy Rezvani, 
MD, PhD܌ said tf-cell therapies are of interest 
as a possible “faster܌ cheaper܌ saferܺ alternative to 
C�R T-cell therapy. 

“These cells have a lot of promiseܡ܍and they 
giveܢ me a lot of hope that C�R tf cells could add 
to the armamentarium of what we have avail-
able for cancer immunotherapyܺ܌  said Rezvani܌ a 
professor of medicine in the 'epartment of ®tem 
Cell Transplantation at The Ãniversity of Teǡas 
r' �nderson Cancer Center in Nouston܌ in an 
interview with ¼þƢłĩƷĩĢ�ȄĩƢþƟŎĩƪ�Ŏű��űěŻŦŻłǢ. 

The Charm of NK Cells
tf cells are part of the innate immune system 
and can target cancer cells that downregulate 
Nh� class S molecules.1 These cytotoǡic lympho-
cytes are tasţed with the surveillance of stressed 
cells4-2܌ maţing them “our first line of defense to 
virally infected cells and abnormal cellsܺ܌  Rez-
vani eǡplained. 

tf cells are of interest because they do not 
require full Nh� matching܌ reducing the risţ of 
graft-vs-host disease (GßN') as well as lengthy 
manufacturing times for unique products.1-5 This 
allows tf-cell therapies to be a more “off-the-
shelfܺ܌  readily accessible treatment compared with 
first-generation C�R T-cell therapy. 

C�R T-cell treatments are also associated with 
other significant safety concerns܌ such as cytoţine 

release syndrome (CR®) and immune effector cellܫ
associated neurotoǡicity syndrome (SC�t®) toǡic-
ity܌ which are reduced with tf-cell therapies.ڔ܌ړ

tf-cell therapies are viewed as a possibility 
for overcoming the manufacturing times of C�R 
T-cell therapies and the large price tag associated 
with the treatment as well as the safety risţs.5 On 
the other hand܌ tf cells have a limited life span 
after transfusion.ړ܌ڐ They can be modified with 
genetic engineering to allow for greater efficacy.ڔ܌ړ

®ources for tf-cell production include cell 
lines܌ peripheral blood cells܌ umbilical cord 
blood܌ and induced pluripotent stem cells 
(iP®Cs)ܪan emerging origin source.ڕ܌ړ Current 
research focuses most on cord bloodܫderived 
tf cells܌ which require donation and eǡpansion. 
iP®C-derived tf cells do not require collection of 
cells from a donor.ڕ

Clinical trials are beginning to show promise 
for C�R-tf-cell therapies܌ based on the benefits 
seen with C�R T-cell therapies. 

NK Cells in Action
Anti-CD19 CAR-NK
�lthough still in the early stages of discovery and 
study܌ tf-cell therapies are beginning to show 
promise in clinical trials for their safety and 
convenience܌ as well as for efficacy on par with 
current C�R T-cell therapies.1 �t the recent ڔڕth 
�merican ®ociety of Nematology (�®N) �nnual 
reeting and Eǡposition܌ findings were presented 
from early-stage studies of C�R tf-cell therapies 
showing their potential. Rezvani܌ the recipient 
of the E. 'onnall Thomas hecture and Prize܌ pre-
sented the latest research on this cellular therapy.

Rezvani highlighted studies of an anti-C'ژڐ 
C�R-tf agent.2 Following the success and 
approval of autologous anti-C'ژڐ C�R T-cell 
products܌ a C�R tf-cell therapy derived from 
cord blood was created that was directed against 
C'ژڐ for patients with C'ژڐ-positive malignan-
ciesܗ C�R tf cells did not require Nh� matching 
with the recipient.ڑ܌ڐ

Sn the phase ڑܘڐ trial (tCTژڒڒڕڔڏڒڏ)ڐڐ ܌ patients 
with relapsed or refractory C'ژڐ-positive hema-
tologic malignanciesڔܪ with chronic lymphocytic 
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lymphomaڑ ܌ with diffuse large �-cell 
lymphoma܌ and ړ with follicular lymphoma܌ 
 received theܪof which were transformed ڒ
therapy in a single treatment. ObŠective 
responses were seen in ڗ of ڐڐ patients (އڒږ) 
within a month of treatment܌ and all but 
 were complete responses (CRs). C�R tf ڐ
cells were also detectable for up to a year 
after infusion.

to cases of CR®܌ neurotoǡicity܌ tumor 
lysis syndrome܌ hemophagocytic lympho-
histiocytosis܌ or GßN' were observed in 
any of the patients܌ according to investi-
gators. Observed grade ړܘڒ adverse events 
(�Es) were predominantly hematologic. 

Th e fi nal result of the phase ڑܘڐ study 
of this agent in ږڒ patients with relapsedܘ
refractory C'ژڐ-positive �-cell malignan-
cies showed an obŠective response rate 
(ORR) of އڕ.ڗړ at both day ڏڒ and day ڏڏڐ. 
CRs were seen in އږ.ژڑ of patients by day 
 year. Responses were ڐ by އڗ.ږڒ and ڏڏڐ
seen at a median of ڏڒ days and were dura-
ble for ژ of the ڏڐ patients who had a CR.ږ܌ڑ

“Th e responses that we observed were 
pretty similar to what you would get 

with ܡautologous C'ژڐ C�Rܢ T cellsܺ܌  
Rezvani noted. 

teither neurotoǡicity nor GßN' was 
reported in any of the patients܌ but ڐ case of 
CR® was observed.ږ

Rezvani stressed that donor selection was 
vital in this study and for future studies of 
cord bloodܫderived tf cells. Optimal cord 
blood was determined to be units that were 
frozen within ړڑ hours of collection and 
had a nucleated red blood cell count of less 
than ڏڗ million.ڕ

 the most important ܢàe found thatܡ“
determinants of whoܼs going to respond or 
not was the quality of the cord blood that 
was used for the manufacturing of C�R tf 
cellsܺ܌  Rezvani said. “Th e impact that we 
ended up seeing was huge.ܺ  

Th e rate of overall survival (O®) at ڐ year 
was އړژ in patients who received cord blood 
from optimal donors and އڗړ from those 
who received cells from suboptimal donors. 
Th e progression-free survival rates at ڐ year 
were އژڕ and އڔ for patients who received 
cord blood from optimal and suboptimal 
donors܌ respectively.2

Rezvani added that optimal cord blood 
could maintain long-term cytotoǡicity and 
had greater in vitro proliferation compared 
with suboptimal cord blood. 

Further܌ optimal cords had greater poly-
functionality vs suboptimal cords܌ which 
were characterized by a signature associ-
ated with hypoǡia and eǡhaustion.ږ

Anti-NKG2D CAR-NK
� phase ڐ study (tCTړړژڒڑڕړڏ) presented 
at �®N showed promise for another C�R 
tf-cell therapy܌ tfå܌ڐڏڐ in patients with 
acute myeloid leuţemia (�rh). 

Th e agent is composed of tf cells derived 
from healthy donors that were engineered 
to eǡpress a natural ţiller group ڑ' 
(tfGڑ')ܫdirected C�R and Sh-ڗ.ڔڐ

Th e fi rst cohort included ڕ patients with 
relapsedܘrefractory �rh who had received 
 ܗper treatment cycle ڐڏڐdoses of tfå ڒ
 had poor-risţ factors. Early responses އڒڗ
were seen܌ with އږڕ of patients achieving 
a CR or CR with incomplete hematologic 
recovery (CRi). Two patients achieved 
minimal residual disease negativity after 
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With a greater understanding of the tumor 
microenvironment and an improving manufacturing 

process, the use of natural killer (NK)-cell therapy 
heralds the advancing role of immunotherapy. 

Investigators look ahead with keen promise.
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only ڐ treatment cycle. Three patients were 
continuing treatment. 

�ll ڕ patients reported treatment-
emergent �Es of grade ڒ or higher܌ 
with myelosuppression and infection 
being most common. 

Researchers reported no cases of CR®܌ 
SC�t®܌ or GßN' of any grade were 
reported in the cohort. One case of a grade 
 �E was observed but was considered not ڔ
related to treatment. 

NK Cell Engager
� phase ڑܘڐ study presented at �®N showed 
first-in-human data for the C'ڒڑڐ tf-cell 
engager ®�Rژږڔڒړړ in patients with 
relapsedܘrefractory �rh܌ �-cell acute lym-
phoblastic leuţemia܌ or high-risţ myelo-
dysplasia (tCTڔڐڒڕڗڏڔڏ). ®�Rژږڔڒړړ is a 
trifunctional anti-C'ڒڑڐ tf-cell engager 
that targets the C'ڒڑڐ antigen as well as 
engaging tfpڕړ and C'ڕڐa.ژ

Sn the dose-escalation portion of the 
study܌ cytoţine release syndrome (CR®) was 
reported in އڒڒ of patients with �rh who 
were treated with up to a maǡimum dose of 
-infusion. Treatment was ongoܘţgܘgކ ڏڏڏڐ
ing in ڒ patients who achieved a CR.

Grade ڒ or higher treatment-emergent 
�Es were reported in އڔ.ڏڕ of patients 
across dose levels and grade ڔ events were 
seen in ܌އڕ.ڐڐ although all were considered 
not related to treatment with ®�Rژږڔڒړړ. 
The most common events observed were 
infusion-related reactions (އړ.ږڕ) and 
constipation (އڕ.ڔڑ). CR® was reported 
in ڑ patients but no cases of SC�t® were 
observed. Sn dune ܌ڒڑڏڑ the agent received an 
F'� fast tracţ designation for the treatment 
of patients with hematologic malignancies.ڏڐ

NK Cells in Combination
'uring the �®N meeting܌ æago h. tieto܌ 
r'܌ Ph'܌ presented findings from a 
phase ڑܘڐ study of �Frڒڐ (�cimtamig)܌ a 
tetravalent bispecific antibody construct 
with C'ڏڒ and C'ڕڐa܌ in combination with 
cord bloodܫderived܌ cytoţine-induced܌ 
memory-liţe eǡpanded tf cells in patients 
with relapsedܘrefractory C'ڏڒ-positive 
lymphomas (tCTڕړږړږڏړڏ).11

� total of ڑړ heavily pretreated patients 
who were double refractory to brentuǡimab 
vedotin (�dcetris) and checţpoint inhibi-
tors܌ most with Nodgţin lymphoma (އڗڗ)܌ 
received tf cells ڔڐ days before treatment 
with �Frڒڐ. The ORR was އڒژ and the CR 

rate was އږڕ. �t the recommended phase 
 އړژ the ORR was ܌(ţgܘtf ڗڏڐ) dose level ڑ
and the CR rate was އڑږ. Responses were 
reported in އږژ of patients with classical 
Nodgţin lymphoma (nڑڒݒݳݒ) and CRs in އڗږ. 

The O® rate in patients who received 
 and ڕ at އڔڗ cycles of treatment was ڑ
 ړ months. Sn patients who received ڑڐ
cycles܌ the O® rate was އږڗ at ڕ months and 
 .months ڑڐ at އڔڗ

Sn patients with Nodgţin lymphoma܌ 
the O® rate was އڑژ at ڕ and ڑڐ months for 
those who received ڑ cycles of treatment 
and އڔڗ and ܌އڑڗ respectively܌ for those 
who received ړ cycles. 

to cases of CR®܌ neurotoǡicity܌ or 
GßN' were reported in the studyܗ even 
infusion-related reactions were considered 
infrequent. roderate neutropenia and 
thrombocytopenia were seen with the lym-
phodepleting chemotherapy.

“The safety didnܼt come as a surpriseܗ 
we eǡpected that. àhat really came as a 
surprise was the high level of activity in the 
heavily pretreated patients with refractory 
tumors we treatedܺ܌  said tieto܌ a professor 
in the 'epartment of ®tem Cell Transplanta-
tion at The Ãniversity of Teǡas r' �nderson 
Cancer Center in Nouston during an inter-
view with ¼þƢłĩƷĩĢ�ȄĩƢþƟŎĩƪ�Ŏű��űěŻŦŻłǢ. 

Ne added that ڕ of ږ patients who had a 
response subsequently consolidated with 
a stem cell transplant remained in CR at 
more than ڗڐ months܌ maţing it an effective 
bridging therapy.

Sn ®eptember ܌ڒڑڏڑ �Frڒڐ in combi-
nation with allogeneic tf cells (��-ڐڏڐ) 
received an F'� fast tracţ designation for 
the treatment of patients with relapsedܘ
refractory Nodgţin lymphoma.ڑڐ

Going forward܌ �Frڒڐ is being eǡplored 
in combination with ��-ڐڏڐ in patients 
with relapsedܘrefractory Nodgţin lym-
phoma and C'ڏڒ-positive peripheral T-cell 

lymphoma in a phase ڑ trial (huminSCE-ܗڒڏڑ 
tCTژړړڒڗڗڔڏ). The combination is eǡpected 
to augment the innate immunity of �Frڒڐ 
alone to boost the antitumor cytotoǡicity in 
patients with C'ڏڒ-positive tumors.ڒڐ܌ڑڐ

tieto also eǡplained that the �Frڒڐ and 
tf-cell therapy model can be eǡtrapolated 
to treat other malignancies by choos-
ing an alternate bispecific antibody for 
the tumor type.

iPSC-Derived, CAR-BCMA NK Cells
�n ongoing phase ڐ trial (tCTڒږڏڑڗڐڔڏ) 
of FT܌ڕږڔ a multipleǡ-engineered܌ �Cr�-
targeted C�R tf-cell therapy܌ in patients 
with relapsedܘrefractory multiple myeloma 
has shown early promise and safety for the 
iP®C-derived agent as a monotherapy and in 
combination with daratumumab ('arzaleǡ) 
(tCTڒږڏڑڗڐڔڏ).ړڐ

to cases of CR®܌ SC�t®܌ or GßN' were 
reported in the trial at any dose level with 
or without added daratumumab. �ddition-
ally܌ no dose-limiting toǡicities or serious 
treatment-related �Es were observed. 

�mong ژ patients treated as of the 
interim report܌ responses were seen in އڒڒ 
of patients and stable disease in އڔڔ. One 
patient treated with FTڕږڔ monotherapy܌ 
who had received ڔ prior lines of therapy 
and was triple refractory܌ achieved a very 
good partial response.

The Path Forward for 
NK-Cell Therapies
�s of now܌ efficacy with tf-cell therapies 
is considered similar to that of C�R T-cell 
therapies܌ although the studies of these 
agents is in the early stages. Nowever܌ 
current constructs of first-generation C�R 
tf-cell therapies have limited long-term 
efficacy due to shorter in vivo persistence 
and cell eǡhaustion. To potentially improve 
the efficacy beyond that of autologous 

“The safety didn’t come as a surprise; 
we expected that. What really came as a surprise 

was the high level of activity.”

—YAGO L. NIETO, MD, PHD  



approaches and even to generate efficacy in 
solid tumors܌ newer approaches are being 
considered܌ including engaging different 
targets܌ transducing T-cell receptor (TCR)ܫ
eǡpressing tf cells܌ multipleǡed engineer-
ing܌ and combination regimens.ڔڐ܌ڑ

“The potential is huge ܡforܢ what we can 
achieve with these cells܍. àith our increas-
ing understanding of tf biology܌ of access 
to big data܌ and also the engineering tools 
that we have available to useܪnot Šust C�R 
transduction܌ but for instance with TCR 
into tf cells܌ with CRS®PR ܡclustered regu-
larly interspaced short palindromic repeatsܢ 
gene editing of your tf cells to maţe them 
more resistant to the impact of the tumor 
microenvironment܌ and combination with 
various drugsܪS thinţ the field could see 
maŠor advances in a relatively short period 
of timeܺ܌  Rezvani said.

Targeting C'ڏږ is showing promise as 
it is eǡpressed in primary �rh samples. 
Snvestigators created a number of sec-
ond-generation C�R constructs to deter-
mine the most optimal one and found that 
anti-C'ڏږ C�R tf cells with Sh-ڔڐ allowed 
for the most superior antitumor activity 
of the various constructs in aggressive 
C'ڏږ-positive �rh models.ڕڐ

The construct is now being used in an 
ongoing phase ڑܘڐ basţet trial in patients 
with C'ڏږ-eǡpressing hematologic malig-
nancies (tCTڐڔړڑژڏڔڏ) and being eǡplored 
across ڒ dose levels.2

To date܌ tf-cell therapies have not seen 
the same success in solid tumors as in 
hematologic malignancies. This is believed 
to be because of the immunosuppressive 
tumor microenvironment that hampers tf 
cell activation and function. 

�dvances in understanding these barriers 
and developing strategies to overcome 
them are critical for enhancing the ther-
apeutic potential of tf-cell therapies in 
solid tumors.ڔڐ܌ڑ܌ڐ

TROPڑ is a target of interest with tf cells 
to treat patients with solid tumors as it is 
overeǡpressed in many epithelial cancers but 
not in healthy tissues.2

The F'� has approved investigational 
new drug applications for the study of 
C�R TROPܘڑSh-ڔڐ tf cells delivered intra-
venously to patients with advanced solid 
tumors (tCTړڑړڕڕڏڕڏ) and delivered 
intraperitoneally to patients with 
ovarian cancer and pancreatic can-
cer (tCTڏڒژڑڑژڔڏ).

Genetically engineered tew æorţ esopha-
geal squamous cell carcinoma ڐ (tæ-E®O-ڐ)ܫ
targeted܌ TCRܘSh-ܫڔڐeǡpressing cord 
bloodܫderived tf cells are being investi-
gated in a phase ڐܘڐb trial of patients with 
advanced synovial sarcoma and myǡoidܘ
round cell liposarcoma (tCTڒڗڗڒڗڏڕڏ) as 
well as in a phase ڐ trial for patients with 
tæ-E®O-ܫڐpositive relapsedܘrefractory 
multiple myeloma or plasma cell leuţemia 
(tCTژڔڒڕڕڏڕڏ). tæ-E®O-ڐ is considered 
highly immunogenic and is eǡpressed in 
many cancer cells but not in healthy tissue܌ 
maţing it an attractive target. 

The phase ڐb �'ßEtT-�rh trial is 
eǡploring the use of allogeneic tf cells in 
combination with azacitidine and veneto-
claǡ (ßencleǡta) in patients with newly diag-
nosed �rh (tCTړړڑړڒڗڔڏ). The synergy 
of the regimen allows for upregulation of 
silenced tfGڑ' ligands܌ priming of leuţe-
mia cells܌ and reduction of disease burden.ږڐ

rultipleǡed CRS®PR gene-edited thera-
pies are being created to design the safest 
and most effective products for patients. �y 
employing CRS®PRܘCasژ technology܌ mul-
tiple genes within tf cells can be simulta-
neously edited to enhance their persistence܌ 
cytotoǡicity܌ and ability to navigate immu-
nosuppressive barriers.ڔڐ܌ڑ

� phase ڐ trial is eǡploring the treatment 
of patients with recurrent glioblastoma with 
multipleǡ CRS®PR gene-edited tf cells with 
deleted TGF�Rڑ and tRڒCڐ (tCTڏږڗڐژژړڏ). 

àith new܌ innovative approaches and 
clinical trials quicţly emerging܌ the field of 
tf-cell therapies is surely one to watch. TT
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