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Abstract 

Background  Cytokine-induced killer (CIK) cells are a novel subgroup of immune effectors, classified as one 
of the modified T cell-mediated arms for immunotherapy. These cells exert MHC‐unrestricted cytotoxicity 
against both hematological and solid malignancies with low incidence of treatment‐related severe complications. 
This study reviews the application of CIK cells in treating cases with hematologic malignancies.

Main body  CIK cells consist of CD3+/CD56+  natural killer (NK) T cells, CD3−/CD56+ NK cells, and CD3+/CD56− cyto-
toxic T cells. In this regard, the CD3+/CD56+  NK T cells are the primary effectors. Compared with the previously 
reported antitumor immune cells, CIK cells are characterized by improved in vitro proliferation and amplification, 
enhanced migration and invasive capacity to tumor region, more significant antitumor activity, and a broader antitu-
mor spectrum. CIK cells can also induce death in tumor cells via numerous pathways and mechanisms. Hence, CIKs-
based therapy has been used in various clinical trials and has shown efficacy with a very low graft versus host disease 
(GVHD) against several cancers, such as hematologic malignancies, even in relapsing cases, or cases not responding 
to other therapies. Despite the high content of T cells, CIK cells induce low alloreactivity and, thus, pose a restricted 
threat of GVHD induction even in MHC-mismatched transplantation cases. Phase 1 and 2 clinical trials of CIK cell 
therapy have also highlighted satisfactory therapeutic advantages against hematologic cancers, indicating the safety 
of CIK cells even in haploidentical transplantation settings.

Conclusion  CIK cells have shown promising results in the treatment of hematologic malignancies, especially in com-
bination with other antitumor strategies. However, the existing controversies in achieving desired clinical responses 
underscore the importance of future studies.
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Background
Hematological malignancies are a specific category of 
tumors that impact the normal function of blood cells, 
bone marrow, and lymph nodes [1]. In this regard, sev-
eral well-researched hematopoietic cancers are leukemia, 
non‑Hodgkin lymphoma (NHL), Hodgkin lymphoma 
(HL), multiple myeloma (MM), myelodysplastic syn-
dromes (MDS) and myeloproliferative disorders [2, 3]. In 
addition to other blood disorders, hematologic cancers 
drastically increase worldwide death and morbidity rates 
[4]. These malignancies are the fifth most prevalent form 
of cancer and the 2nd highest etiology of cancer-induced 
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death [5, 6]. Although the disease etiology is not entirely 
understood, several factors have been recognized that 
elevate the risk of these conditions, including immuno-
suppression or immunodeficient states [7, 8], viral infec-
tions such as human immunodeficiency virus (HIV), 
Epstein Barr virus (EBV), human T- lymphotropic virus 
(HTLV) and chronic bacterial infections like helicobacter 
pylori [8]. Manifestations of these malignancies are gener-
ally non-specific and impacted by several factors, among 
which are the awareness level of the patients, the type of 
cancer, and the presence of underlying comorbidities [9]. 
Early diagnosis of the disease plays a pivotal role in the 
improved prognosis of the patients [10]. However, an early 
diagnosis is quite complicated and is only accomplished 
using histologic, cytologic, cytogenetic, immunopheno-
typic, and radiologic studies [11]. It is worth mention-
ing that the constantly developing genetic methods have 
contributed to additional techniques that improve the 
diagnosis of patients [12]. Furthermore, the therapeutic 
strategy alters from patient to patient and is determined 
based on factors such as disease stage, pathologic find-
ings, serum biomarkers, and the patient’s clinical status.

Diffuse large B cell lymphoma (DLBCL) and human 
leukemia (HL) are among the most common hematologic 
malignancies that are potentially curable with currently 
available chemotherapies; however, patients with failed 
chemotherapy usually experience unfavorable outcomes 
[13]. On the other hand, follicular lymphoma (FL) and 
MM are the only treatable malignancies. Nevertheless, 
consolidation therapy with initial autologous stem-cell 
transplantation (ASCT) and chemotherapy is a favorable 
option for eligible individuals with MM. The key problem 
in treating hematologic malignancies is recurrence 
following the primary therapy. In such conditions, 
patients usually undergo high-dose chemotherapy 
plus ASCT if not already done. However, more potent 
therapies are still required, particularly for individuals 
ineligible for stem-cell transplantation (SCT) or those 
who experience relapse following SCT [13].

The concept of exploiting immunity to protect against 
malignancies commenced in the late twentieth cen-
tury when Prof. Coley W. suggested immunotherapy 
of malignant tumors with bacterial toxins [14]. Recent 
developments in molecular biology and an enhanced 
understanding of tumor-immunity interactions have con-
tributed to the design of novel immunotherapies that are 
effective in various cancers [15, 16]. Among these immu-
notherapeutic strategies are bispecific T-cell engagers 
(BiTEs), immune checkpoint inhibitors [17], monoclo-
nal antibodies [18], immunomodulatory drugs [19, 20], 
immunotherapy vaccines [21, 22] and adoptive immuno-
therapy including CAR-T cell [23], NK cells [24] and CIK 

cells which demonstrate remarkable efficacy in hemat-
opoietic malignancies [25, 26].

CIK cells belong to a new subgroup of immune regu-
latory cells, categorized as a member of the adoptive T 
cell-mediated immunotherapy methods, which exploit 
MHC‐unrestricted cytolytic activity toward both hema-
tologic and solid malignancies. A part of the growing 
penchant for the use of CIK cells in the treatment of can-
cers is due to the lack of life-threatening side effects [27]. 
Schmidt Wolf et al. [28] were the first to suggest a practical 
protocol for developing CIK cells, which was later shown 
to have antitumoral effects in both in  vitro and in  vivo 
settings. In summary, peripheral blood mononuclear 
cells (PBMCs) obtained from either healthy or unhealthy 
donors are treated with cytokines, such as interferon-γ 
(IFN‐γ), anti‐CD3 monoclonal antibody (mAb), and inter-
leukin (IL)‐2 in a specific order, readily leading to the syn-
thesis of CIK cells [27]. CD3+ CD56+  NK T cells are the 
main cellular subgroup of CIK cells, which show the prop-
erties of both NK and T cells. CD3−/CD56+ NK cells and 
CD3+/CD56− cytotoxic T cells are the other effector cells 
of this cellular population [28, 29].

Compared with conventional antitumor immune cells, 
CIK is marked by a more remarkable ability for in  vitro 
expansion and consolidation, increased ability to migrate 
and invade the tumor zone, superior antitumor capacity, 
and broader antitumor spectrum. It has overcome 
the conventional problems such as gradual migration, 
limitation of cell source, and insufficient antitumor 
activity displayed in the lymphokine-activated killer cell 
(LAK), tumor-infiltrating lymphocyte (TIL), anti-CD3 
mAb activated killer cell, and cytotoxic T lymphocyte 
(CTL) [30]. The CIK cells exhibit potent antitumor activity 
toward various tumor cells, particularly hematologic 
malignancies, mediated through multiple pathways 
[27, 31]. This review aimed to summarize the clinical 
administration of CIK cells and their novel combinations 
with other therapies in hematologic malignancies.

Hematologic malignancies: an overview
Acute lymphoblastic leukemia (ALL)
ALL is a heterogeneous hematopoietic neoplasm marked 
by the multiplication of immature lymphoid cells in 
the bone marrow, peripheral blood, and other tissues 
[32]. ALL has an age-adjusted prevalence rate of 1.8 per 
100,000 individuals annually in the United States, with an 
average diagnosis age of 17 years [33]. ALL is the most 
common form of pediatric leukemia, accounting for 
75–80% of cases in this age; however, ALL accounts for 
only about 20% of acute leukemia in adolescents [32, 34]. 
On the other hand, adolescent and young adult (AYA) 
patients are less likely to have favorable cytogenetic 
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subtypes, such as ETV6-RUNX1 and hyperdiploidy, 
than children. In contrast, the occurrence of ALLs with 
unfavorable outcomes, such as BCR-ABL (Philadelphia 
positive (Ph+) ALL) or Ph-like ALL, is higher among 
AYA patients [35]. Risk factors for developing 
ALL consist of aging (> 70 years), chemotherapy, 
radiotherapy exposure, and genetic abnormalities, 
especially Down’s syndrome [36]. Induction therapy 
with multiple systemic chemotherapy agents, including 
glucocorticoids, asparaginase, vincristine, anthracyclines, 
and intrathecal chemotherapy, is the typical choice for 
pediatric B- and T-ALL treatment [37]. For high-risk 
patients with properly matched donors and appropriate 
performance status, allogeneic stem cell transplantation 
could be replaced with or added to the initial phases of 
chemotherapy, ameliorating long-term consequences 
[38]. Clinical trials using pediatric-inspired regimens 
in 50–60-year-old adults have shown 5-year overall 
survival (OS) rates of 50–60% [39]. Moreover, various 
studies have demonstrated that cellular immunotherapy 
is a useful therapeutic option for patients with relapsed 
or refractory B-lineage ALL [40, 41]. More recent 
treatments comprising blinatumomab, inotuzumab, 
Chimeric antigen receptor (CAR) T-cell therapy, 
nelarabine, and CIK cells have shown promising results 
in managing lymphoblastic leukemia [42, 43].

Acute myeloid leukemia (AML)
AML is characterized by increased immature myeloid 
progenitor cells in bone marrow and peripheral blood 
circulation. AML incidence is reported in all age groups; 
however, it is typically diagnosed after the sixth decade 
of life, indicating greater occurrence rates in the elderly, 
unlike ALL [44]. Somatic mutations in hematopoietic 
stem and progenitor cells (HSPCs) are the leading 
causes of AML development. Aging is accompanied by 
the accumulation of mutated HSPCs, a process called 
clonal hematopoiesis, eventually leading to cancer [45]. 
FLT3 mutation is the most known genetic alteration in 
AML patients, seen in approximately 30% of cases. This 
mutation results in the ligand-independent activation of 
tyrosine kinase, leading to cellular survival enhancement. 
The use of BiTE anti-FLT3/CD3 (AMG-427) has been 
considered by various clinical trials [46]. Despite the 
recent advancements in AML treatment, the success 
rate of cure in patients over 60 years old is only 35–40% 
[47]. The heterogeneity of AML cells makes it difficult 
for the immune system to identify specific tumor 
biomarkers, making it challenging to develop practical 
immunotherapies for AML [48]. Furthermore, AML 
cells are capable of scaping immunity by downregulating 
the expression of particular receptors or overexpression 
of inhibitory immune checkpoints, such as PD-L1, 

PD-L2, CD47, and CD70 [49]. Thus, numerous clinical 
studies have been attempting to improve the outcome of 
these patients by developing novel immunotherapeutic 
strategies or enhancing the existing ones by combining 
them with other treatments. For example, Liao et  al. 
showed that administration of anti-PD1 or anti-CTLA4 
in AML patients is accompanied by an improved T cells’ 
reaction, resulting in suppressed measurable residual 
disease (MRD) [50]. Anti-CD33/CD3 (AMG330) 
[51] and anti-CD123/CD3 [52] are also potential 
therapeutic agents in AML patients. Moreover, studies 
have demonstrated the ability of CIK cells to destroy 
autologous AML malignant cells [53].

 Chronic lymphocytic leukemia (CLL)
CLL is a commonly occurring form of leukemia with 
an incidence rate of about 0.6%, slightly more prevalent 
among men (1.2:1–1.7:1) [54]. CLL is considered an 
aging-related disease with an average diagnosis age of 70 
[55]. CLL is identified by the clonal multiplication and 
building up of mature, typically CD5-positive B-cells 
within the bone marrow, lymph nodes, spleen, and 
blood [56]. Almost 80% of all cases with CLL have at 
least 25% of the most prevalent chromosomal mutations, 
including deletion in 13q14.3 (del13q), del11q, del17p, 
and trisomy 12 [57]. Del13q is the most prevalent 
mutation, seen in up to two third of cases. An isolated 
del13q14 is accompanied by a slow cancer progression. 
Besides, del(17p) is reported in 5–8% of chemotherapy-
naïve cases, which usually involves 17p13, where the 
most critical tumor suppressor gene, TP53, is situated. 
CLL cases with del17p demonstrate considerable 
genotoxic chemoresistance [58]. Therapeutic options for 
CLL patients have developed over the past years. The 
innovative addition of immunotherapy to chemotherapy 
has shown marked enhancements in the patients’ overall 
response (OR) and OS rates [58, 59]. In this regard, the 
combination of venetoclax (a B-cell lymphoma 2 (BCL2) 
inhibitor) with obinutuzumab, monotherapy with Bruton 
tyrosine kinase (BTK) inhibitors such as ibrutinib and 
acalabrutinib, CAR-T cell, CIK or chemoimmunotherapy 
have shown promising outcomes [60, 61].

Myeloproliferative neoplasm (MPN)
MPNs are hematopoietic neoplasms that emerge in 
the bone marrow and are categorized into different 
subgroups, including (I) chronic myeloid leukemia 
(CML), (II) chronic neutrophilic leukemia, (III) chronic 
eosinophilic leukemia-not otherwise specified, (IV) 
primary myelofibrosis (PMF), (V) polycythemia vera 
(PV), (VI) essential thrombocythemia (ET), and (VII) 
MPN unclassifiable. MPNs are characterized by an 
excessive proliferation of blood cell lines, leading to the 
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thickening of blood and disrupted bone marrow function. 
[62]. CML is typically identified by BCR-ABL1 mutation 
and is usually managed with imatinib, a kinase inhibitor. 
Nonetheless, JAK2-mutated clones can be identified in 
some CML cases ensuing therapy [63]. Moreover, most 
CML patients experience remission and long-term 
disease-free survival following intensive chemotherapy 
and BCR-ABL1-targeting compounds [64]. However, 
nonresponse and remission are still challenging issues 
in treating many patients. Recently, novel targeted 
treatment strategies, such as antibody-based therapies, 
checkpoint inhibitors, CIK cells, CAR-T, and CAR-NK 
cells, have been proposed for CML [65, 66]. Among 
these treatments, CIK cells were shown to be able to 
inhibit the growth of CML-positive colonies both in vitro 
and in Severe Combined Immunodeficiency (SCID) 
mice transplanted with autologous CML cells; however, 
controversies are undeniable [67, 68].

Lymphoma
Hodgkin lymphoma
HL usually develops sporadically and constitutes about 
10% of all lymphoma cases. HL emerges from lymph 
nodes, and the underlying etiology could be related to 
the EBV or HIV/AIDS infection [69]. The diagnostic 
hallmark of HL is the presence of malignant Reed–
Sternberg cells in the lymph nodes of the patients. 
Notably, an abnormal increase in chromosome 9p24.1 
in HL individuals, a locus containing JAK2, PD-L1, 
and PD-L2, is involved in the pathophysiology of HL 
[70]. This abnormal amplification directly increases 
the expression of PD-L1 and PD-L2. Besides, PD-L1 
transcription is also enhanced via gene dose-dependent 
JAK-STAT pathway in HL. Moreover, EBV is another 
factor that induces PD-L1 overexpression in EBV-
positive cancerous cells [71]. In contrast to non-Hodgkin 
lymphoma, in classical HL, the tumor microenvironment 
contains numerous ineffective immune cells and a small 
number of malignant cells [72].

Non‑Hodgkin lymphoma
NHL typically involves lymph nodes and spleen and 
can potentially damage the bone marrow. However, 
leukemia generally implicates the bone marrow and 
blood. The classification of NHL is based on the type of 
lymphocytes involved and the disease severity [73]. There 
are five prevalent forms of NHL, including (I) DLBCL, 
II) FL, (III) small lymphocytic lymphoma (also known 
as SLL), (IV) marginal zone B cell lymphoma (MZL), 
and (V) mantle cell lymphoma (MCL). While DLBCL is 
the most prevalent aggressive lymphoma, FL and CLL 
have slow progression [74]. Malignant lymphoid cells 
have restricted tumor antigen presentation and impair 

immune response by releasing immunosuppressive 
cytokines or recruiting immunoregulatory immune cells 
[75, 76]. In this regard, immunotherapeutic strategies 
have been developed to overcome these inefficient 
immune responses, among which are the novel immune 
checkpoint inhibitors affecting the CD47-SIRPα pathway, 
leading to the regulation of innate immunity [16, 77]. 
Moreover, antibody-based immunotherapeutic strategies, 
such as antibody–drug conjugates and bispecific T-cell or 
NK-cell engagers, are rapidly developed with favorable 
clinical outcomes to overcome the limited antigen 
presentation in malignant cells [78, 79].

Multiple myeloma
MM is the second most common blood cancer and 
the most prevalent form of myeloma [80]. Abnormal 
plasmacytes in the bone marrow result in excessive 
production of monoclonal immunoglobulins, known 
as M proteins, which are the hallmarks of MM. These 
proteins can cause end-organ injury by attacking organs 
such as kidneys and bone. Whereas MM has remained 
an incurable disease, novel therapeutic strategies such 
as immunotherapies using mAbs [81], CAR-T cells, and 
therapies combining chemotherapeutics and DC/CIK 
cells have recently been exploited with promising results 
[82, 83].

Cytokine induced killer cells
CIK fundamentals
Immunotherapies are novel and promising strategies that 
are potential alternatives to conventional treatments such 
as surgery, chemotherapy, or radiotherapy, particularly in 
patients with recurrent or advanced stages of malignan-
cies. The main goal of immunotherapy is to enhance the 
native immune response against tumor cells, potential-
izing it to eradicate them [84]. Currently, there are dif-
ferent immunotherapies to treat malignancies, such as 
vaccines, cytokine or antibody-based, and adoptive cell‐
based strategies. Adoptive cell‐based immunotherapy is a 
therapeutic method where the immune cells from either 
the patient or donor are multiplied, activated, and even 
altered outside of the body to produce engineered cells 
with significantly increased cytotoxicity against malig-
nant cells, which are then transfused into the patient’s 
body [85]. This strategy is primarily mediated by T cells 
such as TILs, engineered T‐cell receptor (TCR) or CAR‐T 
cells, CIK cells, NK cells, and natural killer T (NKT) cells 
[28, 86, 87]. CIK cells consist of T cells (CD3+CD56−), 
NK‐T cells (CD3+CD56+), and NK cells (CD3−CD56+) 
[88]. Among these three distinct types of cells, a higher 
fraction of CD3+CD56+ NK‐T cells are CD8+ T cells, 
possess increased granzymes, and show enhanced effec-
tor phenotype. As a result, these cells have the highest 
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cytotoxicity and antitumor potential [89]. Interestingly, 
CIK cells have considerable proliferative capacity and 
MHC-unrestricted cytotoxicity against both hemat-
opoietic and solid tumors. In addition, they identify and 
eliminate neoplastic cells without requiring preceding 
exposure to malignant components or priming [28, 89].

CIK design and biology
CIK cells are obtained by ex  vivo incubation of cells 
derived from various lymphocyte sources such as 
PBMCs, umbilical cord blood precursors, and bone 
marrow [90] in a time-sensitive sequence using IFN-γ, 
anti‐CD3 mAb, and IL-2 (Fig.  1). The first protocol for 
generating CIK cells was introduced by Schmidt‐Wolf 
et  al. [28] in 1991. According to this protocol, PBMCs 
were isolated from whole blood and then exposed to 
1000 IU/ml IFN‐γ. The next day, 50 ng/ml of anti‐CD3 
mAb, 100 IU/ml rIL‐1, and 300 IU/ml IL‐2 were added 

to the medium, and then IL-2 was added during the cul-
ture process [28]. However, today, the induction protocol 
of CIK cells is not limited to this method, and different 
studies use various strategies to obtain these valuable 
cells (Table 1) [91].

Each factor used in the process of CIK cell induction is 
used with a particular goal. Anti-CD3 Ab is a mitogenic 
factor, and specific levels of IL-2 primarily enhance the 
expression of natural killer group 2 member D (NKG2D) 
and transmembrane adapter protein DAP10, which are 
pivotal for cytolysis (Fig. 2) [92]. While IL-2 has a consid-
erable role in lymphocyte proliferation, IFN-γ activates 
CIK cells and induces CD58 expression, also known as 
lymphocyte function-associated antigen (LFA)-3 [93]. 
Various studies have also reported that activating or 
transfecting CIK cells by cytokines such as IL‐6, IL‐7, 
IL‐12, IL‐15, IL‐21, or thymoglobulin can lead to pheno-
typic variation, increased multiplication, and improved 

Fig. 1  The overview of CIK cell expansion from PBMN. This figure illustrates how CIK cells are expanded from PBMN in autologous or allogenic 
settings and delivered to the patients after preparation. A typical expansion protocol of CIK cells consists of incubation with IFN-γ, CD3 mAbs, 
and IL-2. However, there is no unique protocol for producing CIK cells, and various modifications and combination therapeutic strategies (such 
as PD-1 mABs mentioned in the figure) are usually exploited to enhance the antitumor efficacy and cytotoxicity of CIK cells against hematologic 
malignancies
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Table 1  CIK cells manufacturing methods

Source Day 0 After 24h Maintenance 
treatment

Culture duration

Schmidt-Wolf et al. [28] PBMC rhIFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rhIL-1 (100 U/ml)
IL-2 (300 U/ml)

IL-2 every 3 days -

Zoll et al. [95] PBMC rhIFN-ɣ (100 U/ml) anti-CD3 Ab (50 ng/ml)
IL-1 (100 U/ml)
IL-2 (300 U/ml) or
IL-7 (20 ng/ml) or
IL-12 (100 ng/l)

IL-2 or IL-7 or IL-12 every 
3 days

-

Lin et al. [94] PBMC IFN-ɣ (1000 U/ml)
IL-6 (300 U/ml)

anti-CD3 mAb (100 ng/
ml)
IL-1α (1000 U/ml)
IL-2 (1000 U/ml)
IL-6 (300 U/ml)

IL-2 and IL-6 every 2–3 
days

14 days

Rettinger et al. [96] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (500 IE/ml)

IL-1 (50 ng/ml) on 4th 
day
IL-15 every 3–4 days

21 days

Finke et al. [97] PBMC IFN-ɣ (1000 U/ml) anti-CD3 Ab (50 ng/ml)
IL-1 (100 U/ml)
IL-2 (300 U/ml)

IL-2 every 3 days -

Tao et al. [99] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-1α (500 IE/ml)
IL-2 (500 IE/ml) or
IL-15 (50 ng/ml)

IL-2 or IL-15 every 3 days 28 days

Linn et al. [67] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 every week 28 ± 1 days

Leemhuis et al. [107] steady-state apheresis 
product

IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 every 3–4 days 21 days

Holy et al. [68] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (25 ng/
ml)
IL-2 (300 U/ml)

IL-2 every 5–7 days 21–30 days

Lee et al. [108] PBMC rhIFN-ɣ (100 U/ml)
mAb against CD3 (50 
ng/ml)
rhIL-1α (100 U/ml)

rhIL-2 (300 IU/ml) human rIFN-ɣ 
and human rIL-2 every 
3 days

12–21 days

Chen et al. [110] PBMC hIFN-ɣ (1000 U/ml) anti-CD3 mAb (100 ng/
ml) or humanized anti-
human anti-CD3 mAb 
(100 ng/ml)
IL-1α (1000 IE/ml)
IL-2 (1000 IE/ml)

The medium 
was changed every 2—3 
days

14 days

Wang et al. [111] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rIL-2 (300 U/ml)

IL-2 as needed 10–14 days

Zhou et al. [112] PBMC rhIFN-ɣ (1000 U/ml) anti-CD3 mAb (100 ng/
ml)
rhIL-1 (100 U/ml)
rhIL-2 (1000 U/ml)

anti-CD3 mAb and IL-2 
every 2 days

14 days

Narayan et al. [116] Apheresis product IFN-ɣ 2 × 105 IU anti-CD3 mAb (50 ng/
ml)
IL-2 (300 IU/ml)

IL-2 (300 U/ml) every 
2–3 days

21–28 days

li et al. [113] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (100 ng/
ml)
IL-2 (500 U/ml)

mAb against CD3 
and IL-2 every 4–5 days

14–16 days

Introna et al. [26] lymphocytoapheresis 
products

IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rhIL-2 (500 U/ml)

rhIL-2 every 3–5 days 18–24 days
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Table 1  (continued)

Source Day 0 After 24h Maintenance 
treatment

Culture duration

Introna et al. [115] PBMC rhIFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rhIL-2 (500 U/ml)

rhIL-2 every 2–4 days -

Merker et al. [25] PBSC 
or leukocytapheresis 
products

IFN-ɣ (1000 U/ml) anti-CD3 mAb (100 ng/
ml)
IL-2 (500 U/ml)

IL-15 (50 ng/ml) every 
3–4 days

10–12 days

Zhou et al. [122] PBMC rhIFN-ɣ (1000 U/ml) anti-CD3 mAb (10 ug/ 
mL)
rhIL-2 (1000 U/ml)

rhIL-2(1000 U/ml) every 
3 days

14 days

Leuci et al. [124] PBMC IFN-ɣ (1000 U/ml) anti-CD2, -CD3, 
and -CD28 mAbs
hIL-2 (300 U/ml)

IL-2 (300 U/ml) every 
2–3 days

28 days

Magnani et al. [125] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 every week 18–28 days

Zuo et al. [126] PBMC rhIFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)

IL-2 –

Magnani et al. [128] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 every week 18‐28 days

Rotiroti et al. [129] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 twice a week 21 days

Oelsner et al. [42] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (100 ng/
ml)
IL-2 (500 U/ml)

IL-15 (50 ng/ml) every 
3–4 days

–

Pfirrmann et al.[98] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (100 ng/
ml)
IL-2 (500 U/ml)

IL-15 (50 ng/ml) every 
3–4 days

–

Cao et al. [137] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-1α (100 U/ml)

rhIL-2 (300 U/ml) 13 days

Märten et al. [138] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-1β (100 U/ml)
IL-2 (300 U/ml)

IL-2 every 3 days –

Pan et al.[139] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-1α (500 IE/ml)
IL-2 (500 IE/ml)

IL-2 (500 IE/ml) every 
3 days

28 days

Xiao et al. [141] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (1 g/ml)
rhIL-1 (300 U/ml)
rhIL-2 (1000 U/ml)

Cytokines every 3 days –

Pievani et al. [143] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rhIL-2 (500 U/ml)

IL-2 21–28 days

Esser et al. [144] PBMC IFN-ɣ (1000 U/ml) anti-CD3 Ab (50 ng/ml)
IL-1β (100 U/ml)
IL-2 (300 U/ml)

IL-2 (300 U/ml) every 
3 days

14 days

Pietà AD et al. [145] PBMC rhIFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rhIL-2 (500 U/ml)

rhIL-2 every 3–4 days –

PBMC rhIFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rhIL-2 (500 U/ml)
Blina BsAb (1 ng/ml)

rhIL-2 every 3–4 days –

Zou et al. [134] PBMC IFN-ɣ (1500 U/ml) anti-CD3 mAb (100 ng/
ml)
IL-2 (5000 U/ml)

rhIL-2 (5000 U/ml) every 
2–3 days

–
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antitumor activity [94–97]. According to Lin et  al. [94], 
using IL-6 every two to three days in CIK cell expansion 
could result in a higher fraction of CD3+CD56+ effec-
tor cells and a decreased proportion of regulatory T cells 
(Tregs), significantly enhancing these cells’ in vitro cyto-
lytic activity.

Using IL-15 in CIK cell expansion in combination 
with IL-12 or as an alternative to IL-2 has demonstrated 
significant benefits [98]. Accordingly, Rettinger et  al. 
have reported that IL-15-activated CIK cells exhibit 

an increased antitumor efficacy against ALL and lym-
phoma targets [96]. Another study highlighted that using 
IL-15 during CIK cell induction results in an increased 
proportion of CD3+CD56+cells, a decreased immuno-
suppressive activity of Tregs, and suppressed IL-35 lev-
els, enhancing antileukemic efficacy [99]. Moreover, 
the expansion of CIK cells using IL-21 has resulted in 
increased levels of perforin, granzyme B, Fas ligand, IFN-
γ, tumor necrosis factor-α, and IL-21 receptors. Besides, 
IL-21 was able to increase the fraction of CD3+CD56+ 
effector cells, although the general proliferation rate 
remained unchanged [100].

Mature CIK cells express elevated levels of anti-malig-
nant cell components, such as perforin, granzyme, Fas 
ligand (FasL), and CD40 ligand (CD40L), compared to 
early-stage CIK cells. These cells also have altered expres-
sion of immune checkpoints so that PD‐1, CD28, CD137, 
and VSIR are decreased, and LAG3, CTLA4, and TIM‐3 
are upregulated [101]. Although the exact mechanisms 
behind the CIK cells’ cytolysis activity are still unclear, 
some important molecules and pathways have been rec-
ognized. For example, a considerable cytolysis suppres-
sion after blocking LFA-1 and intracellular cell adhesion 
molecule (ICAM)-1 indicates that cytotoxicity relies on 
cell-to-cell contact. On the other hand, failure in inhibi-
tion of the cytotoxic activity of CIK cells using antibodies 
against CD2, CD3, CD8, CD28, CD56, very late anti-
gen (VLA)-4, TCR, and MHC class I and II molecules 

Table 1  (continued)

Source Day 0 After 24h Maintenance 
treatment

Culture duration

Marin et al. [127] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (500 U/ml)

IL-2 (500 U/ml) every 
week

–

Golay et al. [148] CBU IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
rhIL-2 (500 U/ml)

rhIL-2 (500 U/ml) every 
3–4 days

17–25 days

Tita-Nwa et al. [149] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (25 ng/
ml)
IL-2 (300 U/ml)

IL-2 (300 U/ml) every 
3–4 days

14–21 days

Alberti et al. [131] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 twice a week 21 days

Biondi et al. [135] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 every week 21 days

Circosta et al. [123] PBMC IFN-ɣ (1000 U/ml) anti-CD2, -CD3, 
and -CD28 Abs
hIL-2 (300 U/ml)

IL-2 (300 U/ml) every 
2–3 days

21 days

Poh et al. [155] PBMC IFN-ɣ (1000 U/ml) anti-CD3 mAb (50 ng/
ml)
IL-2 (300 U/ml)

IL-2 (300 U/ml) every 
week

Fig. 2  Double T/NK cell specificity of CIK cells and mechanism 
of action. CIK cells are effector memory T (T-EMRA) lymphocytes 
with TCR specificity that also show the cytotoxicity of NK cells. 
The antitumor activity of CIK cells is regulated through DNAM-1 
and LFA-1, besides NKG2D, NKp30, and CD56
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suggests that these cells exploit an MHC-independent 
method for recognizing targets [29].

NKG2D is a conserved member of the c-type lectin-
activating receptor family found within the NK gene 
complex on human chromosome 12p12-p13, which is 
a pivotal molecule in identifying tumors by CIK cells 
[102]. NK cells express NKG2D receptors that are able 
to recognize at least six counter-ligands, including the 
MHC-class I-like molecules, MHC class I polypeptide-
related sequence A (MICA), MHC class I polypeptide-
related sequence B (MICB), and some members of 
the UL16 binding protein family (ULPB1-4) [103]. It 
has been established that the expression of NKG2D 
is increased in all CIK cells without being limited to 
the CD3+CD56+ subgroup. Recent findings based on 
NKG2D-targeting antibodies, small interfering RNA, 
and redirected cytotoxicity have shown that the CIK 
cells’ cytolysis activity is mainly associated with the 
NKG2D interaction rather than TCR engagement. 
Activation of the NKG2D pathway seems to be directly 
related to disulfide adaptor protein 10 upregulation, 
which is induced by the high levels of recombinant 
human IL-2 (rhIL-2) in the culture medium of CIK 
cells [93]. Interestingly, NKG2D has also been found to 
play a vital role in target recognition by CIK cells that 
are expanded with IL-15 instead of IL-2 [96]. Besides 
NKG2D, CIK cells have antitumor effects through 
their TCR‐mediated lytic manner, indicating the dual‐
functional capability of these cells [104].

Moreover, a transcriptomic study illustrated the 
contribution of CD8 and Lck kinase, a member of the 
Src kinase family, in the antitumor activity of CIK cells 
[101]. CIK and NK cells have many characteristics in 
common, including the large granular lymphocyte 
morphology, the ability to eradicate the K562 cell 
line (an HLA (Human leukocyte antigen) class I 
negative cell line), and the high densities of CD56 
and NKG2D in the cell surface. CIK cells have lower 
levels of NKp30 than NK cells and do not express 
NKp44, NKp46, inhibitory killer immunoglobulin-
like receptors, NKG2A, and CD94 [88]. Even though 
NKp30 is expressed on CIK cells at low density, it has 
been revealed that DNAM-1 and NKp30 are involved 
in CIK cell-mediated cytolysis in malignant tumors 
[104]. Besides, it has been previously shown that 
the CD3+CD56+CD16+ subset of CIK cells displays 
remarkable cytotoxicity against tumors through 
antibody-dependent cell‐mediated cytotoxicity 
(ADCC), which is exclusively medicated by the CD16 
receptor and can be augmented by using monoclonal 
antibodies. The same study reported that the fraction 
of the CD3+CD56+CD16+ subset of CIK cells differs 
from donor to donor [105].

CIK and cancer immunotherapy
CIK cell therapy is used to treat both hematologic and 
solid malignancies. Interestingly, the expansion of CIK 
cells is achievable using autologous sources and can 
even be administrated in combination with various 
allo-hematopoietic stem cell transplantation (HSCT) 
strategies [106]. The earliest clinical trial of autologous 
CIK cells was performed on cases with relapsed 
lymphomas following autologous HSCT. Nine patients (7 
with advanced HD and 2 with NHL) were administered 
autologous CIK cells (1 × 109 to 10 × 109 cells per 
cycle) during an average of two cycles (range 1–3). 
CD3+CD56+CIK cells reflected 8–58% (median 22%) 
of the overall cellular population. While two patients 
achieved disease stabilization for over 18 months, and 
two others experienced a partial response, the other five 
patients did not show a favorable response. Only one of 
the patients experienced mild hypotension, and another 
had a low-grade fever, indicating that the adverse effects 
were minor [107]. Likewise, Hoyle et al. [68] established 
the feasibility of generating autologous CIK cells from 
patients with CML. They also demonstrated that CIK 
cells have cytolytic activity against OCI-LY8 and K562 
tumor cell lines.

Zhang et  al. [27] reviewed 106 CIK clinical trials 
from 1999 to 2019, conducted on a total number of 
10,225 patients with over 30 distinct cancers. Among 
the studied patients, 4,889 received CIK cells as their 
treatment, either alone or in combination with other 
therapeutics. They concluded that using CIK cells in the 
treatment of various malignancies notably ameliorates 
patients’ median progression‐free survival (mPFS), 
median overall survival (mOS), and overall response rate 
(ORR). A multicenter clinical trial on 230 patients with 
hepatocellular carcinoma showed that CIK cell therapy 
could extend recurrence‐free survival by about 50% 
compared to the control group [108]. In another study, 
CIK cell therapy showed considerably prolonged mOS 
(36 months vs. 16 months) and significantly enhanced 3‐
year PFS and OS compared to the control subgroup [109]. 
Chen et  al. studied the efficacy of combination therapy 
using CIK cells and chemotherapy on 136 patients 
with non-small cell lung cancer (NSCLC) following 
surgery. They reported a higher mOS and 3-year survival 
median in the combination therapy group than in the 
chemotherapy group (P = 0.032, P = 0.036, respectively) 
[110]. Other clinical trials have shown that combination 
therapy using CIK cells and chemotherapy is more 
effective strategy compared to only chemotherapy in 
patients with advanced pancreatic cancer [111] and 
postoperative epithelial ovarian cancer based on their 
mOS and favorable PFS [112].
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Table 2  Clinical and pre-clinical studies using CIK cells

Study reference Type of Cancer Patients (n) Number of cells therapy Clinical Response

Merker et al. [25] AML (15)
CML (1)
ALL (18)
T-NHL (2)

36 10 × 106 cells/kg Allogenic CIK cells Relapse (17)
CR (19)

Narayan et al. [116] Myeloid neoplasms 31 1 × 108 cells/kg Allogenic CIK cells RFS: 27.3%
NRM: 6.8%
EFS: 27.3%
2-year Cumulative 
Incidence of Relapse: 65.9%
OS: 689 days

Pefeffermann et al. [120] EBV associated DLBCL 1 10 × 106 cells/kg Allogenic CIK cells CR

Zhou et al. [122] DLBCL 20 36–84 × 108 cells/cycle Autologous CIK cells DFS: 79.3 ± 9.2%
5-year OS: 90 ± 6.7%

Linn et al. [67] AML [13]
CML (11)

24 AML: 12.72 × 109

(1.3 × 109–78.6 × 109)
CML: 25.72 × 109 
(13.76 × 109–54.94 × 109)

Autologous CIK cells No change in survival 
and relapse

Wang et al. [121] APL 9 1 × 109 cells Autologous CIK cells CR (2)
Stable (6) later achieved 
CR with conventional 
therapies
Died due to car accident (1)

Magnani et al. [128] PDX Ph‐like ALL PAX5/
AUTS2 t

– 15 × 106 cells CD19.CARCIK cells dose‐dependent antitumor 
response and
prolonged persistence 
in PDX

Rotiroti et al. [129] PDX AML – 107 cells CD33.CAR-CIK cells Reduce AML development 
and delay AML progression 
in PDX

Oelsner et al. [42] PDX Pre-B-ALL – 3 × 106 cells CD19-targeted 
CIK/63.28.z

CR

Zhang et al. [140] AML 85 5.12 × 109 
(5.81 × 108–14.23 × 109) 
cells

DC-CIK/allogenic NK 5-year OS: 90.5%
RFS:65.2%

Zhau et al. [82] MM 50 2.0–5.0 × 109 cells DC/CIK + chemotherapy lower tumor cells, β2-MG, 
Serum M protein, urine 
light chain, and serum 
Cr in combination group 
and better quality of life

Xiao et al. [141] Ph-negative B-precursor 
ALL

1 4 × 109–6 × 109 cells DC/CIK CR

Dalla pieta et al. [145] PDX lymphoma – 107 cells CIK + mAb Prolong survival

Frank et al. [146] Lymphoma in vitro – – CIK + mAb Increase cytotoxicity of CIK 
cells

Interdonato et al. [147] PDX lymphoma – 20 × 106 cells CIK + BsAb Increase cytotoxicity of CIK 
cells

Gloy et al. [148] PDX ALL – 20 × 106 cells CB-CIK + BsAb increase the therapeutic 
activity
raise median survival time

Tita-Nwa et al. [149] Lymphoma in vitro – – CIK + BsAb Increase cytotoxicity of CIK 
cells

Li et al. [156] B‑NHL in vitro – – CIK + anti PD-1/PD-L1 Ab Decreased viability 
of malignant cells

Garofano et al. [161] MM in vitro – – CIK + cannabidiol Decreased viability 
of tumor cells
Inhibited cytotoxic 
activity of CIK cells 
in concentrations > 1 µM
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Clinical application of CIK cells in hematologic 
malignancies
Numerous clinical studies have utilized CIK cells to treat 
various cancers, such as hematologic malignancies, and 
reported high efficacy even in relapsing patients who 
failed to respond to conventional treatments (Table  2) 
[26, 113]. Despite having a substantial number of T cells, 
CIK cells exhibit minimal alloreactive reactions, resulting 
in a low incidence of GVHD even in MHC-mismatched 
transplantation settings [114, 115]. The following 
sections will discuss the findings of different clinical trials 
on patients with hematological malignancies undergoing 
CIK cell therapy.

Monotherapy
Allogenic
Allogeneic HSCT is the standard therapy for numerous 
advanced hematologic cancers, although molecular 
relapse is the primary etiology of treatment failure. As 
one of the novel cell-based immunotherapy strategies, 
CIK cells show promising results in resolving molecular 
and overt relapse following allogeneic HSCT in these 
patients [25, 26]. Merker et  al. [106] appraised the 
efficacy of using donor lymphocyte infusion (DLI) and 
CIK cells in 91 cases with hematopoietic neoplasms 
following allogeneic HSCT. Among the studied cases, 
31 had AML, two had CML, 53 had ALL, one had 

Table 2  (continued)

Study reference Type of Cancer Patients (n) Number of cells therapy Clinical Response

Introna et al. [26] AML (41)
ALL (19)
MM (4)
HL (3)
NHL (2)
MPN (4)

73 1 × 106–10 × 106 cells/kg CIK + DLI CR (19)
PR (3)
Stable disease (8)
Progression of disease (41)
Early death (2)

Alberti et al. [131] AML in vitro – – CD33-CD146.CAR.CIK Immunomodulatory effect 
of stromal cells on CAR.
CIK cells

Biondi et al. [135] PDX AML – 107 cells CXCR4-CD33.CAR.CIK Improved homing in bone 
marrow
Increased survival time

Circosta et al. [123] Leukemia in vitro – – CD44v6–fcCAR.CIK Increase cytotoxicity of CIK 
cells
Nonenhanced alloreactivity 
against HLA barriers

Poh et al.[155] AML/ALL/MM/U937 
and Raji cell lines in vitro

- - CIK + anti PD-1 mAb
CIK + anti-LAG-3 mAb
CIK + anti TIM-3 mAb

Increase CIK cells 
cytotoxicity against primary 
AML blasts and U937

– Numbers in parenthesis in the “Type of cancer” and “Clinical response” columns represent the number of patients

RFS: Relapse-Free Survival

NRM: Non-relapse mortality

EFS: event-Free Survival

OS: Overall Survival

DFS: Disease-free survival

MM: Multiple Myeloma

AML: Acute myeloid Leukemia

ALL: Acute lymphocytic leukemia

HL: Hodgkin lymphoma

NHL: non-Hodgkin Lymphoma

MPN: Myeloproliferative Neoplasms

PDX: patient-derived xenograft

CIK: Cytokine Induced Killer cell

DC: Dendritic Cell

APL: Acute promyelocytic leukemia

EBV: Epstein-Bar Virus

DLBCL: Diffuse large B-cell lymphoma

Ph: Philadelphia



Page 12 of 21Ghanbari Sevari et al. Stem Cell Research & Therapy  (2024) 15:254

biphenotypic leukemia, and four had T-NHL. IL-15 
was used in the expansion protocol of CIK cells, readily 
producing CD3+CD56+CD25+ CIK cells. Despite the 
more severe overall condition of patients receiving CIK 
cells compared to patients receiving DLI, patients in the 
CIK subgroup experienced a limited 6-month cumulative 
incidence of relapse (CIR) and higher complete remission 
(CR) [25].

In another clinical trial, allogeneic CIK cells were 
transfused as consolidation therapy following non-
myeloablative allogeneic transplant in high-risk patients 
with myeloid malignancies, including MDS, MPN, 
therapy-related myeloid neoplasms (t-MN) and secondary 
acute myeloid leukemia (sAML). While patients in the 
intervention group received a single dose of CD3+CIK 
cells (1 × 108/kg) between the 21st and 35th day after total 
lymphoid irradiation and anti-thymocyte globulin (TLI-
ATG)-based allo-HCT, cases in the control group only 
received TLI-ATG-based allo-HCT. CIK-treated patients 
had lower 1-year II–IV grade aGVHD and higher CIR 
compared to the control patients, indicating the safety 
and feasibility of CIK cell therapy as an early consolidation 
treatment in the ambulatory setting. However, the two 
groups had no significant difference regarding two-year 
non-relapse mortality, event-free survival rates, two-year 
OS, and full donor chimerism (FDC) rate by the 90th 
day. Such failure could be a result of using only a single 
dose of CIK cells, adverse effects of cyclosporine and 
mycophenolate mofetil on the function, proliferation, 
or survival of CIK cells, which were used with GVHD 
immunosuppressive goals [116].

Post-transplant lymphoproliferative disorders 
(PTLD) can be a fatal complication following allogeneic 
HSCT [117]. Generally, there is a low chance of PTLD 
after stem cell transplantation; however, weakened 
immunosurveillance can raise the risk of developing 
PTLD during the early post-transplantation phase [118]. 
In most patients, PTLD incidence is correlated with 
EBV-induced atypical lymphoproliferative disorders that 
occur due to viral reactivation or primary EBV infection 
following HSCT, which can usually be controlled by 
cellular immunity in an immunocompetent population 
[119]. To overcome such complications, Pfeffermann 
et  al. [120] obtained CIK cells from EBV-seropositive 
donors using IFN-γ, anti-CD3, IL-2, IL-15, and EBV-
antigen pulsing as stimulants. EBV-antigen was added 
to the expansion protocol to target the generation of 
CIK cells with EBV-reactive T cells to treat patients 
with EBV-associated PTLD rapidly progressed to severe 
DLBCL. 10 × 106 T cells/kg of EBV-specific CIK cells 
were infused, which resulted in the eradication of DLBCL 
without recurrence after 1 week of transfusion with no 
acute toxicities. Moreover, CIK cells were still detectable 

after 32 days of administration. The in vitro evaluations 
highlighted improved cytotoxicity against EBV-positive 
targets and elevated expansion of CD8 + T cells and 
T-NK cells compared to conventional CIK protocol.

Autologous
A pioneering clinical study using autologous CIK therapy 
in refractory APL patients [121], which administered 
three cycles of CIK (1 × 109 cells/cycle) in each patient, 
reported that CIK cell therapy improved outcomes 
in these patients. Similarly, Zhou et  al. [122] studied 
autologous CIK cells in 20 patients with high-risk 
DLBCL with an IPI ≥ 3. On average, patients received 
two CIK cycles (median of 55.12 ± 14.63 × 108 cells) every 
three months, each followed by 100 mU of subcutaneous 
IL-2 for ten consecutive days. The univariate analysis 
demonstrated an elevation in 5-year disease-free survival 
(DFS) and OS of CIK-treated patients compared to 
the control subgroup; however, after adjusting the 
results, only the DFS statistically remained significant. 
Besides, although one patient experienced a mild flu-
like syndrome, which was naturally resolved without any 
intervention, no severe complication was reported.

In another clinical trial study, autologous CIK cells were 
used to treat 24 patients with hematologic malignancies 
(13 with AML and 11 with CML). On average, AML 
patients received two cycles of CIK (median of 
12.72 × 109 cells), and CML patients received four cycles 
of CIK (median of 25.72 × 109 cells). It was reported 
that the survival and relapse of AML patients and the 
BCR–ABL transcript level in CML patients treated 
with CIK did not differ from those not treated with CIK 
cells, indicating that CIK therapy had no superiority 
over conventional antitumor therapies. However, the 
advantage of no serious side effects following CIK cell 
therapy was also established in this study [67].

Combination therapy
As mentioned above, CIKs are crucial components 
of adoptive cellular immunotherapy and have been 
identified as major cytotoxic immunologic effector cells, 
which can be exploited to treat various malignancies. In 
the last decade, CIK cells have been used in combination 
with other therapeutic strategies such as CAR, DC, mAbs, 
and PD-1/PD-L1 inhibitors to enhance their antitumor 
efficacy against hematologic malignancies (Fig.  1). 
Following sections summarize the recent improvements 
in CIK cell combinational therapeutic strategies.

CAR + CIK therapy
CAR T-cells have revolutionized the treatment of 
hematological cancers. However, there are severe 
adverse effects related to this therapeutic strategy, such 
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as cytokine storm syndrome, immunity-induced neural 
toxicity, and significant risk of GVHD in allogeneic 
settings, making it challenging to apply it on a wide scale 
[123]. CIK cells have a low risk of GVHD and are readily 
expanded platforms for CAR engineering, similar to the 
conventional CAR T-cells. Besides, the high expenses of 
CAR T-cell therapy and the cost-effectiveness of CIK cells 
make the combination of these two strategies a matching 
therapeutic choice [124]. Moreover, the preliminary 
clinical studies in both adult and pediatric patients have 
revealed that CAR T-cell and CIK therapies have synergic 
antitumor effects and even show higher specificity against 
certain malignancies [125–127]. Oelsner et  al. [42] 
designed specific CIK cells using IL-15 and transduced 
them to generate CAR.CIK cells specific for CD19 and 
carrying CD28 endodomain, briefly called CAR.CIK-
63.28.z. In  vitro studies showed that CAR.CIK-63.28.z 
had selective cytotoxicity against B-ALL cells previously 
resistant to CIK therapy.

The in  vitro efficacy of CD44v6-cCAR.CIK, the 
engineered CIK cells obtained from fully donor chimeric 
individuals redirected against CD44v6 with the CD28 
costimulatory endodomain, was investigated by 
Circosta et al. [123]. CD44v6–fcCAR.CIK demonstrated 
notably increased in  vitro cytolysis against malignant 
cells compared to the non-transduced (NTD) CIK 
cells (fcNTD.CIK). However, the cytotoxic efficacy of 
CD44v6–fcCAR.CIK was not superior to the cytotoxic 
potential of conventional CD44v6-fcCAR.T cells. By 
the way, CD44v6–fcCAR.CIK showed nonenhanced 
alloreactivity across HLA barriers, indicating an essential 
advantage for CD44v6–fcCAR.CIK against CD44v6-
fcCAR.T. Besides, CD44v6–fcCAR.CIK had higher 
secretion of the IL-1β and IL6 following coculture 
with CD44v6 + targets compared to CD44v6-fcCAR-T 
cells. Similarly, Magnani et  al. [128] investigated the 
feasibility of engineered CD19-CAR.CIK in ALL. 
They showed that CD19-CAR.CIK could extend the 
durability in a patient‐derived xenograft (PDX) with the 
ph‐like ALL PAX5/AUTS2 translocation and showed 
a dose‐dependent antitumor activity, with 15 × 106 per 
cycle being the optimal cellular dose. Moreover, in the 
lymphoma survival model, complete elimination of 
disseminated neoplasms was achieved. Overall, the safety 
and tolerability of CARCIK‐CD19 administration were 
verified in a bio‐distribution and toxicity model [128].

In vivo efficacy of engineered CD33-CAR.CIK was 
investigated in another preclinical study [129]. CD33-
CAR.CIK cells were infused weekly for 3 weeks into 
patient-derived AML PDX mice (107 cells/cycle). In 
the early approach, CIK cells were transfused on 3rd 
or 5th days following the AML induction in the mice. 
CD33-CAR.CIK cells displayed considerable antitumor 

activity toward AML targets in vitro and the PDX mice 
and significantly delayed the progression of AML in the 
treated mice. They also highlighted that CD33-CAR.CIK 
cells are capable of harnessing relapsed and refractory 
AML following the administration of a xenograft 
chemotherapy approach. Notably, CD33-CAR.CIK cells 
were well tolerated, and after a maximum of three cycles, 
no CD33-negative AML cells were detectable.

Despite the anti-AML efficacy of CAR.CIK cells in 
various in vitro studies, CIK therapy is not accompanied 
by favorable findings in the treatment of AML patients 
when compared to the success achieved in treating B-cell 
neoplasms. Among the obstacles to the use of CAR.CIK 
therapy in AML patients are the cellular heterogeneity, 
the lack of AML-specific cellular markers, and the leuke-
mia-friendly tumor microenvironment (TME) [67, 130]. 
In this regard, Alberti et  al. [131] designed bispecific 
Tandem CAR.CIK cells targeting CD33 on malignant 
cells and CD146 on mesenchymal stromal cells (CD33-
CD146-CAR.CIK), aiming to modify the TME along-
side the cancerous cells themselves. CD146 is known 
to enhance malignant myeloid cell growth and survival, 
and blocking it would hypothetically suppress tumor 
invasion. However, they reported that the long-term 
coculture of CD33-CD146-CAR.CIK with CD146 + mes-
enchymal stromal cells suppressed the function of CD33-
CD146-CAR.CIK based on the reduced synthesis of 
IFN-ɣ, IL-2, and ki-67 and decreased cellular prolifera-
tion. These discoveries imply that the CD146 + mesen-
chymal stromal cells present in the TME play an essential 
role in the resistance of malignancies against therapies, 
and manipulating them could be a promising target for 
future studies. By the way, despite the suppressive role of 
CD146 + stromal cells on CD33-CD146-CAR.CIK, these 
engineered cells demonstrated improved cytolysis activ-
ity against the KG-1 myelogenous cell line compared to 
NTD.CIK cells.

Homing of leukemic blasts in bone marrow is another 
obstacle in treating AML, primarily due to the increased 
level of CXCR4 in AML blasts. The CXCL12/CXCR4 axis 
plays a pivotal role in AML pathogenesis, as it regulates 
blast adhesion into the protective BM surroundings, 
accommodation to the hypoxia, and cellular migration 
and durability [132]. On the other hand, ex vivo culture 
conditions impair the expression of chemokine recep-
tors in human lymphocytes, which hinders the ability of 
CIK cells to migrate into the BM [133, 134]. Biondi et al. 
[135] designed novel CAR.CIK cells, using CD33 and 
wild-type CXCR4 to overcome such problems. CXCR4-
CD33-CAR.CIK cells exhibited a promoted ability to 
migrate towards the CXCL12 chemokine, thereby facili-
tating them to effectively eliminate myelogenous cell 
lines. In addition, CXCR4-CD33-CAR.CIK cells showed 
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improved homing to bone marrow in a mouse model of 
AML and superior control over AML progression, lead-
ing to increased survival time in treated mice compared 
to conventional CD33-CAR.CIK cells.

Dendritic cells (DCs) + CIK therapy
Combining DCs and CIK cell therapy is another emerging 
strategy in the treatment of various malignancies such as 
ALL, CML, and lymphoma, and its safety and efficacy 
have been established by multiple studies [67, 136]. Cao 
et al. [137] demonstrated that in vitro incubation of CIK 
cells beside DCs can enhance the replication rate and 
tumor suppressive efficacy of CIK cells. Another survey 
reported that the combination of CIK cells with DCs 
alters the expressing markers of both populations and 
improves the secretion capacity of IL-12 by CIK cells, 
enhancing their cytotoxicity against malignancies [138]. 
Furthermore, investigations have revealed that DCs 
can reduce the number of Treg cells present in the CIK 
cellular population, improving the antitumor efficacy of 
CIK cells [139].

Zhang et  al. [140] administrated autologous DC-CIK 
and allogeneic NK cells in 85 AML cases. Among these, 
16 patients received only autologous DC-CIK, 9 received 
only allogeneic NK cells, and the remaining alternately 
received DC-CIK and NK cells in two to four cycles 
without any severe adverse effects or treatment-related 
mortality. The average number of DC-CIK or NK cells 
was 5.12 × 109/cycle. The results revealed an increase 
in OS and relapse-free survival (RFS) in patients who 
alternately received DC-CIK and NK cells compared 
to those patients who received either DC-CIK or NK 
cells. In another study, Zhao et  al. [82] investigated the 
efficacy of DC + CIK immunotherapy in combination 
with bortezomib and dexamethasone chemotherapy 
in MM patients. DC + CIK was administered daily to 
the patients 15–20 days after chemotherapy for six 
cycles (2.0–5.0 × 109 cells/cycle). Results revealed that 
DC + CIK combination therapy is superior to only 
chemotherapy strategy based on the performance status 
(PS) scores. Furthermore, the serum proportion of MM 
cells, β2-microglobulin (β2-MG) level, M protein level, 
creatinine level, and 24-h urine light chain level were 
lower among patients who received combination therapy, 
indicating the better prognosis of these patients.

In another study, Xiao et al. [141] conducted DC-CIK 
cell therapy in a 52-year-old patient with Ph− B-precursor 
ALL who experienced complete remission following 
a standard VDCLP regimen including vincristine, 
daunorubicin, cyclophosphamide, l-asparaginase, and 
prednisone. However, the patient declined to continue 
the therapy due to some serious complications, leading to 
disease relapse. Thus, the therapeutic plan was changed 

to DC-CIK. Following the first infusion, DC-CIK therapy 
was continued for seven more cycles (4–6 × 109 cells/
cycle) besides chemotherapy, which resulted in the long-
lasting complete remission of the patient.

Dong et  al. [142] found that the proportions of 
CD4+PD-1+ and CD8+PD-1+ cells are significantly 
higher in AML mice models than in the control group, 
a trend that is mitigated by applying DC-CIK cells. 
Furthermore, they observed that MMP9- and CCL1-
mediated silencing of DC-CIK cells effectively enhances 
the reduction in CD4+ PD-1+ and CD8+ PD-1+ cells. 
MMP9- and CCL1-silencing could probably exert their 
role by increasing T-cell activation and reducing T-cell 
exhaustion, which was evident in both their in vivo and 
ex vivo experiments.

 Monoclonal antibodies + CIK therapy
Over the past 20 years, immunotherapy utilizing targeted 
antibodies has emerged as a highly effective treatment 
approach. Various research has demonstrated that 
combining CIK cells with antibodies can enhance their 
antitumor efficacy. A study showed that the in  vitro 
combination of rituximab or Obinutuzumab (OBI) with 
CIK is accompanied by a significant increase in the CIK 
cells’ antitumor activity toward B-cell lymphoma [143]. 
Esser et al. [144] found that combining CIK cell therapy 
with anti-CD30 mAb, Brentuximab Vedotin, substantially 
improves treatment efficacy against three distinct CD30+ 
lymphoma targets (Daudi, KI-JK, and L-540) without 
disrupting CIK cells’ function.

In another study, Pietà AD et  al. [145] reported the 
combination of OBI and CIK cells as a novel and effec-
tive therapeutic strategy in B cell cancers. In this study, 
the CIK cells were obtained using a novel strategy that 
included blinatumomab during CIK cell expansion. They 
compared the in vitro cytotoxicity of CIK and OBI com-
bination with CIK and RTX combination toward vari-
ous B-cell lines expressing CD20. In general, redirected 
CIK cell therapy with mAB showed substantial antitu-
mor activity against all malignant cell lines. However, the 
OBI-CIK combination therapy demonstrated superior-
ity against the RTX-CIK method. Besides, in vivo inves-
tigations highlighted that daily administration of 107 
CIK cells besides OBI in mice models of MCL for seven 
sequential days suppresses cancer progression, improves 
immune infiltration, and extends overall survival [145]. 
Frank et  al. [146] introduced a new method for directly 
conjugating antibodies to surface proteins of CIK cells, 
including rituximab and daratumumab, which notably 
improved CIK cells’ cytotoxicity compared to soluble 
antibodies. Surprisingly, direct conjugation of rituximab 
to cellular surface resulted in improved antitumor effi-
cacy in all CD3−CD56+ (NK), CD3+CD56+ (CIK), and 
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CD3+CD56− (T) cell lines. This strategy showed 
increased intracellular signaling following interaction 
with tumor targets, which improved the cytotoxicity 
of CIK cells. Moreover, Interdonato et  al. [147] devel-
oped a new tetravalent IgG1-like bispecific (bs)Ab called 
BL-01 that contains two distinct binding sites for CD5 
and CD20 proteins. It was demonstrated that BL-01 can 
concomitantly bind to CD20 and CD5, redirect CIK cells 
toward CD20 + targets, and enhance their cytotoxicity up 
to 3 folds. Besides, BL-01-CIK cells were able to prolong 
the survival rate in rituximab-resistant PDX DLBCL mice 
more potently compared to exposure to bsAb or CIK 
cells alone.

In another study, Gloy et  al. [148] exploited banked 
cryopreserved cord blood units to expand CIK cells. The 
costimulatory and inhibitory/exhaustion levels in cord 
blood (CB)-CIKs and peripheral blood (PB)-CIKs did 
not differ; however, PB-CIK cells with positive CD8 had 
higher CD28 expression. CB-CIKs and PB-CIKs also had 
similar in  vitro efficacy. Furthermore, the comparison 
between only CB-CIK (20 × 106/cycle for five cycles) 
treatment and CB-CIK plus blinatumomab (100 ng) 
treatment revealed that the efficacy of combination 
therapy is superior to the prior method based on the 
higher survival rate among PDX Ph + ALL mice models. 
Tita-Nwa et  al. [149] also described increased CIK cell 
efficacy against B-lymphoma cells after combining with 
bsAb against CD19 and CD5, which are present on 
effector T cells and malignant target cells, respectively.

 Immune checkpoint inhibitors + CIK Cells
Immune checkpoint inhibitors, such as anti-PD-1 
agents, have been identified as an efficacious therapeutic 
approach in various high-grade cancers like lymphoma in 
both monotherapy [150] and combination therapy forms 
[151, 152]. Moreover, recent studies have shown that 
combining immune checkpoint inhibitors with CIK cells 
can considerably improve the anti-tumor characteristics 
of these cells [153, 154].

In a combination therapy, Li et al. [155] added immune 
checkpoint inhibitors against PD-1, TIM-3, and LAG-3 
to CIK cells to investigate the cumulative cytotoxicity of 
this therapeutic approach. In their study, CIK cells were 
harvested from PBMCs of patients with AML, ALL, 
or MM, and their anti-tumor efficacy was investigated 
against ALL and MM samples and U937 and Raji cell 
lines. The results favored the improved cytotoxicity of 
CIK cells against primary AML blasts and U937 cell 
lines. However, compared to PD-1 and LAG-3, the 
blockade of TIM3 resulted in the highest anti-tumor 
characteristics. Despite increased efficacy against AML 
and U937, not only ALL and MM targets were resistant 
to CIK-mediated cytotoxicity, but the treatment with 

anti-immune checkpoints (D-1, TIM-3, and LAG-3) 
did not significantly enhance its cytotoxicity. It was also 
demonstrated that the expression of these receptors is 
increased during CIK cell culture (TIM-3 had the highest 
increase in expression, followed by LAG-3 and PD-1).

In another study, Li et  al. [156] investigated the effect 
of PD-1/PD-L1 inhibitors on CIK-mediated cytotoxicity 
in  vitro. The CIK cells were derived from PBMCs of 
healthy donors. They reported that the simultaneous 
administration of CIK cells and PD-1/PD-L1 inhibitors 
on the DAUDI cell line of B-NHL significantly improves 
CIK efficacy based on the reduced viability of DAUDI 
cells. However, the same therapy did not enhance the 
cytotoxicity of CIK cells when administered on the 
SU-DHL-4 cell line of B-NHL.

Although the number of studies investigating the 
combined efficacy of CIK cell and immune checkpoint 
inhibitors against hematologic malignancies is limited, 
several studies have reported promising results in the 
management of non-hematologic cancers [152, 157]. 
Zhang et  al. [158] reported an increase in the DC-CIK 
effectiveness when combined with pembrolizumab, a 
PD-1 inhibitor, among individuals with hepatocellular 
carcinoma. Another study found an increase in CIK cells’ 
proliferation following exposure to anti-PD-1 and anti-
CTLA-4 antibodies while treating patients with renal cell 
carcinoma [153]. In a similar study, it was demonstrated 
that combining CIK cells with Crizotinib (a receptor 
tyrosine kinase inhibitor) and Nivolumab (PD-1 
inhibitor) could notably enhance the in vitro anti-tumor 
immune response against NSCL cell lines [159]. Taking 
into account the promising potential of CIK + immune 
checkpoint inhibitors against non-hematologic 
malignancies, it is essential to further investigate the 
efficacy of this combination therapy against hematologic 
malignancies in future studies.

 Other combination therapies with CIK cells
Previous studies have shown that activating cannabinoid 
receptor 2 (CB2), which is highly expressed in the 
hematopoietic system, has immunomodulatory effects. 
Besides, cannabinoids can selectively induce apoptosis 
in MM cell lines and plasma cells in patients with MM 
through caspase activation (mainly caspase-2) without 
affecting regular cells [160]. A recent study [161] 
reported that CB2 receptors are highly expressed on both 
CIK and MM cells. They also highlighted that combining 
cannabidiol with CIK cell therapy in MM patients not 
only enhances the cytotoxicity of CIK cells against 
MM cells but also has protective effects on CIK cells. 
However, the protective effect on CIK cells was replaced 
with cytotoxic effects after increasing the cannabidiol 
concentration to more than one µM, indicating that 
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combining cannabinoids with CIK therapy requires 
additional considerations in the future. Innovatively, 
Introna et  al. [26] investigated the protective role of 
CIK therapy on the incidence of GVHD following 
conventional DLI therapy in patients with various 
hematological malignancies, including AML, ALL, MM, 
HL, NHL, MDS, and MPNs. Patients were administered 
two cycles of unmanipulated DLI (1 × 106 /kg) every  3 
weeks, followed by three cycles of donor CIK therapy 
(1–10 × 106/kg) every  3 weeks. The incidence rate of 
severe GVHD was remarkably reduced in this method 
compared to only DLI treatment. Furthermore, the 
antitumor efficacy of both CIK and DLI therapy was 
satisfactory.

Limitations of CIK cells
CIK cell therapies present numerous advantages in the 
treatment of cancer patients; however, they also come with 
limitations. Some clinical trials applying CIK cell therapy 
on various malignancies have reported unsatisfactory 
results, especially when using CIK cells as monotherapy. 
However, unfavorable outcomes have been more common 
in the treatment of solid tumors than hematologic cancer. 
One explanation for such variations in the efficacy of CIK 
cell therapy is a tumor microenvironment with diverse 
immunosuppressive characteristics created by some 
tumors [162].

Furthermore, CIK cells consist of a heterogeneous 
cellular population. Different proportions of these cells 
within each ex  vivo expanded CIK population cause a 
significant challenge while treating malignant tumors. 
It has been demonstrated that the altered proportion 
of CD4+ T, Treg, and CD3+CD56+ T cells in the 
population of CIK cells significantly impacts the efficacy 
of this therapeutic strategy [163]. Moreover, the rates 
of CD3+CD56+ subset cells, as potent effector cells of 
expanded CIK populations, substantially vary in a range 
of 6% to over 60% in different studies [67, 107].

In another study, Liu et al. [163] divided the CIK cells 
based on their CD4 markers. They demonstrated that 
CD4-CIK cells show diminished cytotoxic activity within 
tumor tissues compared to the general CIK population. 
Besides, CD4- CIK cells were accompanied by a reduced 
number of CD8+ T cells and a higher proportion of 
PD-1+Tim-3+ CD8+ T cells, which are commonly 
recognized as terminally exhausted T cells. They also 
found that the functional exhaustion of PD-1+Tim-3+ 
CIKs in tumor tissues of a mouse model of NSCLC can 
be restored through combination therapy with rIL-17A. 
On the other hand, CD4+ T cells, particularly Th1/Th17 
cell subsets, were shown to have a greater suppressive 
impact on the inhibitory receptors on CIKs, improving 
the tumor-killing function, migration, and locomotion of 

these cells. A general look at these findings implies that 
the different rates of CD4+ cells in the CIK population 
may play a significant role in how patients respond to 
the treatment protocol. Future studies should focus on 
finding ways to overcome this limitation by obtaining a 
relatively predetermined proportion of cells after CIK 
induction.

Treg cells are other components of CIK cells that 
are considered a major drawback for the induction of 
immunity and cytotoxicity against cancerous cells. These 
cells induce CD8 + cytotoxic T lymphocyte exhaustion 
in the tumor microenvironment. It has been established 
that IL-2, an indispensable cytokine in the induction 
of CIK cells, has a drastic role in developing these cells 
[99]. Therefore, developing novel induction methods is 
required to mitigate the number and negative impact 
of Treg cells on the cytotoxicity of CIKs. However, it is 
worth mentioning that the availability of diverse protocols 
to expand CIK cells imposes another limitation to this 
therapeutic strategy. Various CIK expansion protocols 
differ in many aspects, such as the concentration and 
timing of stimulating elements and the type of media, 
making the comprehension of findings reported by 
different researchers difficult [164].

Conclusion
Immunotherapy is a powerful tool for treating various 
malignancies, especially hematologic cancers, and it has 
great potential to improve patients’ OS and prognosis. In 
recent years, among different types of immunotherapies, 
CIK cells have gotten special attention due to their 
unique characteristics, including the mixed T–NK 
phenotype, MHC unrestricted function, expansion 
in vitro in both allogeneic and autologous settings, low 
GVHD rate, lack of severe side effects report, and high 
safety. Another major advantage of CIK cell therapy 
is its potential to be combined with other antitumor 
therapeutic strategies, which have shown promising 
results. However, additional studies are essential to 
increase the therapeutic efficacy of these cells in cancer 
patients, especially in ones with high-grade disease. 
Thus, the current research has focused on improving the 
antitumor potential of CIK cells in various malignancies, 
including hematologic ones.
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