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A B S T R A C T   

Interleukin (IL)-2 is a pleiotropic cytokine that displays opposing activities on immune system acting either in 
favor of or against cancer progression. Advanced/metastatic melanoma and renal cell carcinoma (RCC) are the 
two types of cancers that included most studies implemented for assessing the role of high-dose IL-2 therapy. The 
use of high-dose IL-2 therapy can, however, increase the rate of toxicities and interferes with the activity of 
endothelial cells (ECs) and effector T cells in tumor microenvironment (TME). This implies the need for adjusting 
strategies related to the cytokine therapy, such as suppressing signals that are interfering with the activity of this 
cytokine or the use of engineered IL-2 variants. The focus of this review is to discuss about pros and cons related 
to the IL-2 therapy and propose strategies to increase the efficacy of therapy. The outcomes of this literature will 
call for application of variants of IL-2 engineered to represent higher half-life and efficacy, and are more safe in 
the area of cancer immunotherapy.   

1. Introduction 

Cancer is an uncontrolled cellular growth condition that is consid
ered as one of the most prevalent diseases and a leading cause of death 
worldwide [1–2]. Immunotherapy of cancer has received an intense 
focus in the recent years. Allison and Honjo started a ground-breaking 
work on cancer immunotherapy in the year 1992. The outcomes of 
this work was honored by Nobel Prize award in physiology and medicine 
at the year 2018 [3]. Their discovery for application of checkpoint in
hibitors has been used for a number of cancers including tumors placed 
in the category of cold, and the outcomes were promising for some types 
of cancers in this category [4]. Cold cancers are low or irresponsive 
tumors that display low infiltration of CD8+ T lymphocytes (CTLs) [5]. 
Despite advances, there are still challenges in the field of immuno
therapy. The checkpoint inhibitor ipilimumab was the second drug that 
received indication for metastatic melanoma [6]. Low activity of solo 
immune checkpoint inhibitor (ICI) therapy and its unwanted effects on 
tumor microenvironment (TME) are issues that are still exist in the area 
[3–4]. TME is a heterogeneous and adaptive niche that add complexity 
and variability to the evolutionary tumorigenic processes [7]. 

The first immunotherapeutic approach approved in the USA for 
melanoma (stage IV) was high-dose interleukin (IL)-2 [8]. IL-2 is an 
immune-activating cytokine [9] and a key component of several cancer 
immunotherapeutic approaches [10]. IL-2 is discovered in the year 1976 

and cloned in 1983 [9]. IL-2 acts for promoting expansion, function and 
survival of effector T cells. Besides the activation of immune system, it 
can also repress immune responses, thus rising challenges in regard with 
the use of this cytokine in cancer immunotherapy, concerning the 
toxicity and the adversarial impacts on other cells in TME [11]. IL-2 
therapy pose a huge difference in functionality in different doses. The 
two types of cancers with the most focus in clinic for evaluation of the 
efficacy of IL-2 therapy are advanced or metastatic melanoma and renal 
cell carcinoma (RCC). Many of the clinical trials published so far in re
gard with the role of this cytokine were with the high-dose IL-2 therapy, 
but it can rise the rate of toxicity and exerting unwanted effects on TME. 
In this review, we aimed to discuss about both sides, and proposing 
strategies to increase the efficacy and to reduce the rate of negative 
impacts of IL-2 therapy, particularly in melanoma and RCC. 

2. Interleukin-2 

2.1. The structure of IL-2 receptor-ligand 

IL-2 is a 4α-helix bundle member of cytokine family with 15.5 kDa 
which acts through binding to the IL-2 receptor (IL-2R) [12]. IL-2 re
ceptor (IL-2R) is considered as a heterotrimeric protein that represents 
three subunits or chains: α (CD25), β (CD122) and γ (CD132). The 
different and separate expressions of these receptor chains on various 
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immune cell types is associated with diverse functionality of IL-2 in 
TME. Assemblage of these receptor chains in different combinations will 
lead to the generation of IL-2Rs with three levels of affinities: low, in
termediate and high. Low affinity occurs when α chain is involved in the 
interaction between receptor and ligand. The intermediate level of af
finity occurs when β and δ chains are involved in the receptor/ligand 
interactions. Finally, IL-2R interacts through α, β and γ chains with high 
affinity, forming a stable complex. The first interaction occurs between 
IL and 2 with IL-2Rα. This interaction leads to a conformational alter
ation in IL-2, which allows for its efficient bondage with IL-2Rβ and IL- 
2Rγ [13]. ILs 2, 4, 7, 9, 15 and 21 share the γ receptor. IL-2 and IL-15 
ligands represent the shared β and γ receptor chains [13]; this is indic
ative of the shared functionality between IL and 2 and IL-15, and can be 
a possible reason for the usage of IL-15 as an alternative to the IL-2 
therapy [10], discussed further (Fig. 1). 

2.2. IL-2 receptor/ligand activity in tumor microenvironment 

IL-2 is generally considered as a critical growth factor for lympho
cytes (T cells) [12]. CTLs are the key cells of adaptive immunity and the 
front-line defense against cancer that their retarded functionality is a 
key mechanism of immune escape by tumor [14–16]. Regulatory T cells 
(Tregs) are placed in another side in which their accelerated activity is 

related to the immunosuppression within TME [14]. Tregs are respon
sible for suppression of CTL activity, and promotion of tumor resistance, 
relapse and metastasis [17]. CD25 is expressed constitutively by Tregs. 
Tregs are thus representing as cell types highly responsive to the IL-2 
content of TME [18–19]. Highly functional Tregs are responsible for 
curtailing anti-cancer responses, mediated via preventing T cell activa
tion [20]. High rates of CD25 expression allows Tregs to be a winner in 
competition for IL-2 acquisition from TME; this will reduce the amount 
of IL-2 available for T cell induction, which can be partly due to the short 
half-life (about 7 min) of this cytokine in humans [18]. Endothelial cells 
(ECs) also express CD25, which can be a reason for IL-2-related toxic 
effects on blood vessels [18] and promoting a condition called vascular 
leak syndrome (VLS) [21]. The leaky vasculature is a common feature 
occurring in tumor vessels and is contributed to the restriction of drug 
accumulation in tumor area, thus promoting cancer resistance to ther
apy [15]. CD122/CD132 is generally expressed by naïve CD8+ T cells; 
the expression of CD25 on CTLs is transient and occurs after stimulation 
of T cell receptor (TCR). Therefore, exploiting strategies to use long- 
lived IL-2 analogs that are able to preferentially target the intermedi
ate affinity receptor (i.e. CD122/CD132) over the high affinity CD25/ 
CD122/CD135 receptor will reduce the rate of toxicity and support the 
activity of effector T cells over Tregs, thereby potentiating the anti- 
tumor activity of IL-2 [18]. 

Natural killer (NK) cells are known as the key cells of anti-tumor 
immunity [22–23]. NK cells are active for promoting the recruitment 
of dendritic cells (DCs), the activity of which is important for CTL 
priming [3]. DC formation is induced by IL-2 [24]. IL-2 promotes NK cell 
differentiation and T cell clonal expansion after antigen exposure [25]. 
IL-2 along with IL-15 are contributed to the expression of the activating 
receptor NKG2D on NK cell surface, and induce expression of CD137 
from these cells [26]. CD137 directs cross-interactions between innate 
and adaptive immunity, thus allowing expansion of activated T cells 
[27]. Phosphoinositide 3-kinase (PI3K)/AKT, Janus kinase (JAK)-signal 
transducer and activator of transcription (STAT) and mitogen-activated 
protein kinase (MAPK) are the three main pathways downstream to the 
IL-2 signaling [12–13]. 

Key points IL-2R contains α (CD25), β (CD122) and γ (CD132) 
chains. Potentiation of the activity of CD122/CD132 subunits can 
improve the anti-tumor potential of IL-2. 

3. High-dose interleukin-2 therapy of cancer 

IL-2 has pleiotropic effects, mediated via exerting both anti-tumor 
and pro-tumor activities. The ’dosage’ of this cytokine is a possible 
contributor. IL-2 at low-dose activates specifically Tregs [19,28]. This is 
effective for patients with chronic inflammatory, autoimmune and 
certain metabolic diseases, and for patients receiving organ transplant 
[12,29]. Here, IL-2 can be engineered to bind selectively to the IL-2R 
with high affinity, which is for potentiating Treg functionality [30]. 
Low-dose IL-2 can be used for such purpose, namely expansion of Tregs 
to work against autoimmune diseases [12]. High-dose IL-2 is considered 
as one of the earliest approaches in immunotherapy of cancer [31]. 
High-dose IL-2 is reported to stimulate responses from NK cells and 
CD4+CD8+ T cells [29]. Clinical application of high-dose IL-2 stands for 
over 30 years [28]. Here, we will discuss responses from advanced/ 
metastatic melanoma and RCC to the high-dose IL-2 therapy. The dose 
600 000 IU/kg is used commonly in clinical trials as the high-dose 
treatment schedule for IL-2 therapy of metastatic melanoma and RCC 
[32–36]. In some papers the dose 720 000 IU/kg was used as a high-dose 
for IL-2 therapy of cancer [37–38]. 

3.1. Metastatic melanoma 

High-dose IL-2 is the first immunotherapeutic agent approved by 
FDA for treatment of metastatic melanoma [38]. Its first approval for 
application in metastatic melanoma patients is dated back to the year 

Fig. 1. Interleukin-2 (IL-2) receptor (IL-2R) and ligand activity. IL-2R has three 
subunits: α (CD25), β (CD122) and γ (CD132). Interaction between IL and 2 
with IL-2R represents three levels of affinities: Low affinity occurs when α chain 
is involved in the interaction between receptor and ligand. The intermediate 
level of affinity occurs when β and δ chains are involved. Finally, IL-2R interacts 
through α, β and γ chains with high affinity, forming a stable complex. NKTR- 
214 (also called bempegaldesleukin) is an IL-2Rβγ agonist. CD25 is active in 
regulatory T cells (Tregs) and endothelial cells (ECs), and its upregulation is 
contributed to the T cell dysfunctionality and vascular toxicities, promoting a 
condition called vascular leak syndrome (VLS). By contrast, CD122 and CD132 
are expressed on resting T cells (CD4+CD8+), natural killer (NK) cells, mono
cytes and macrophages, and are associated with T cell effector function against 
cancer, mediated via stimulating proliferation and activation of CD8+ T cells (so 
called cytotoxic T lymphocytes [CTLs]) and NK cells. IL-2 release from NK cells 
can act in an autocrine way through increasing their infiltration into the tumor 
area and mediating their cytolysis activity. 
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1998 [39]. In a study by Davar and colleagues the role of high-dose IL-2 
(600,000 IU/kg) was evaluated in 237 patients with metastatic mela
noma. The authors noticed the respective median progression-free sur
vival (PFS) and overall survival (OS) of 2.8 months and 9.6 months [40]. 
The PFS is consistent with the result of study by Tarhini and colleagues 
(median PFS: 2.3 months) [36]. In the first study, 23% of patients 
showed stable disease (SD) [40], while the SD among patients in the 
second work was 48% [36]. A point important for consideration for 
interpreting the outcomes of the two studies is the big gap in the number 
of patients evaluated in each report (237 vs 29 cases in the second 
study), which may influence the outcomes. Objective response rate 
(ORR) was also evaluated in patients with metastatic melanoma treated 
with high-dose IL-2 and the ORR of 13% was resulted [41]. Taken 
together, it could be asserted that metastatic melanoma patients show 
moderate responses to the high-dose IL-2 therapy (Table 1 and Fig. 2). 

3.2. Metastatic renal cell carcinoma 

Metastatic renal cell carcinoma (RCC) is another choice for high-dose 
IL-2 therapy. The first approval for the use of this cytokine in treatment 
of RCC is dated back to the year 1992 [39]. Fishman and colleagues 
evaluated the efficacy of high-dose aldesleukin (IL-2) in patients with 
RCC. The authors noticed high median OS (64.5 months) and 2-year OS 
(73.8%) in patients with favorable risk, which were reduced in patients 
with intermediate and poor risk, in particular [37]. The efficacy of high- 
dose aldesleukin in patients with metastatic RCC was also evaluated by 
another group. Almost all patients (96%) were clear-cell subtype and 
had a previous history of nephrectomy (99%). Aldesleukin therapy 
showed durable remission, depicted by 3-year progression free of 11%, 
satisfactory responses (ORR: 25%) and prolonged survival (median OS: 
42.8 months) [42]. Stenehjem and colleagues assessed the roles for high- 
dose IL-2 in patients mainly with intermediate risk metastatic RCC (the 
clear-cell subtype). The findings represented that about 50% of IL- 
treated patients showed meaningful survival benefit. Another finding 
from this work was the validity of assessment of SD in clinical setting for 
predicting responses to the high-dose IL-2 therapy [35]. Finally, Alva 
and colleagues investigated the efficacy of high-dose IL-2 therapy on 
metastatic melanoma and RCC patients. Evaluation of the median OS 
showed the respective 19.6 and 41 months in these patients, which is 
indicative of the higher efficacy of such therapy in patients with meta
static RCC. Collectively, 362 patients were assessed in this study, and 

there were no deaths related to the high-dose IL-2 therapy. This infers 
the safety of such therapy in melanoma and RCC cancer patients, but the 
general responses were higher in metastatic RCC patients [39] (Table 1 
and Fig. 2). 

Key points: High-dose IL-2 therapy show infrequent (modest) but 
durable responses in metastatic melanoma patients. High-dose IL-2 
therapy is safe and possibly more effective in metastatic RCC patients 
compared to the melanoma. Overall survival is better improved in 
metastatic RCC patients with favorable risk 

4. IL-2 combination therapy 

4.1. Chemo/targeted therapy 

Histone deacetylases are enzymes responsible for removal of acetyl 
group from DNA histones in order to make DNA less reachable to the 
transcription factors. Hyperacetylation of histones causes structural 
chromatin remodeling and transcriptional gene activation. Entinostat is 
a synthetic benzamide and histone deacetylase inhibitor that possesses 
long half-life [43]. Pili and colleagues in a study evaluated the efficacy of 
high-dose IL-2 combination with entinostat in patients with metastatic 
clear-cell RCC. The authors noticed the depletion of Tregs after treat
ment with entinostat, and the combination therapy was resulted in the 
satisfactory clinical outcomes (median PFS of 13.8 months and median 
OS of 65.4 months). In fact, entinostat through suppression of Tregs will 
make the immune microenvironment less suppressive, which is benefi
cial for high-dose IL-2 in order to better exert the anti-tumor activity 
[34]. 

Sorafenib is a tyrosine kinase inhibitor (TKI) that acts for targeting 
vascular endothelial growth factor receptor (VEGFR), and is considered 
as an anti-angiogenic agent with vascular normalizing activities [44]. 
Maroto and coworkers in a phase 2 trial surveyed the effectiveness of 
immune cytokine therapy with IL-2 and interferon (IFN)-α followed by 
sorafenib in patients with metastatic RCC. The authors noticed satis
factory clinical responses to such therapy, rendering the ORR of 44%, 
the DCR of 94.4% and the median OS of 16.6 months [45]. However, the 
results are not meaningful when compared with the phase 3 trial of 
sorafenib therapy, reported by another group, which led to the median 
OS of 23.3 months [46], but the ORR is reasonable when comparing with 
the 19% [35] and 25% [42] responses to the high-dose IL-2 therapy for 
such cancer (Table 2). 

4.2. Combination with other immunotherapeutic approaches 

4.2.1. Immune checkpoint inhibitor therapy 

4.2.1.1. Combination with PD-(L)1 blockade. ICI therapy is the current 
focus in cancer immunotherapy. ICI is a term used primarily for appli
cation of anti- programmed death-1 receptor (PD-1), anti- programmed 
death ligand 1 (PD-L1) and anti- CTL-associated antigen-4 (CTLA-4) 
drugs in advanced or metastatic cancers with the aim of reinvigorating 
the effector function of T cells against cancer [3–4,25,47]. PD-1/PD-L1 
interactions send co-inhibitory signals to the effector T cells which 
subsequently cause self-tolerance, the continuity of such process finally 
causes T cell exhaustion and dysfunctionality [48]. 

Buchbinder and coworkers investigated the efficacy of high-dose IL-2 
in patients with metastatic RCC and metastatic melanoma treated with 
anti-PD-1 or anti-PD-L1. The outcomes of this retrospective analysis 
showed that administration of high-dose IL-2 after ICI therapy was safe 
and led to the promising objective responses (ORR: 22.5% and 24% for 
melanoma and RCC, respectively) [31]. A point, however, need to be 
considered in the study by Buchbinder and colleagues is the large gap in 
the number of patients included for interpreting the outcomes of the two 
types of cancers (17 cases for metastatic RCC vs 40 patients for meta
static melanoma), which may interfere with the outcomes. This may 

Table 1 
High-dose interleukin (IL)-2 therapy of cancer.  

Cancer type Therapy phase, patients Outcomes Ref 

metastatic 
melanoma 

305 patients ORR: 13% [41] 

metastatic 
melanoma 

237 patients SD: 23% 
DCR: 41% 
median OS: 9.6 
months 
median PFS: 2.8 
months 

[40] 

metastatic 
melanoma 

phase 2, 29 patients SD: 48% 
PFS: 2.3 months 

[36] 

metastatic RCC 81 poor risk patients median OS: 14 months 
2-year OS: 39.8% 

[37] 

metastatic RCC 120 patients ORR: 25% 
median OS: 42.8 
months 

[42] 

metastatic RCC 391 patients ORR: 19% [35] 
metastatic RCC and 

melanoma 
362 patients (RCC, 192; 
and melanoma, 170) 

median OS: 41 vs. 19.6 
months 

[39] 

metastatic RCC and 
melanoma 

100 patients (RCC, 46; 
and melanoma, 54) 

durable PFS (ranges 
from 5 to 30 years) 

[28] 

mAb, monoclonal antibody; SD, stable disease; DCR, disease control rate; PFS, 
progression-free survival; RCC, renal cell carcinoma; ORR, objective response 
rate; OS, overall survival. 
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suggest the need for further studies in order to make the justifications 
more accurate. Martini and colleagues in a quite recent retrospective 
review interpreted information from patients underwent second 
immunotherapy-based regimen. The authors noticed higher responses in 
ICI-naïve patients (than patients with prior experience of ICI) or in pa
tients treated previously with IFN-γ or IL-2. This is indicative of the 
priming effect of IL-2 in cancer immunotherapy. Thus, IL-2 can be used 
synergistically with anti-PD-L1 therapy [25]. Comparing the outcomes 
with the ORR of 13% [41] and 25% [42], reported respectively for 
metastatic melanoma and metastatic RCC cancer patients treated with 
high-dose IL-2 monotherapy, it could be asserted that PD-(L)1 blockade 
followed by high-dose IL-2 is effective in patients with metastatic mel
anoma but not for metastatic RCC cases. This can also be understood 
from the outcomes of Fig. 2 and Table 3. 

4.2.1.2. Combination with anti-CTLA-4. The CTLA-4 inhibitor ipilimu
mab is an effective drug for melanoma [49], being considered as the 
second drug approved for metastatic melanoma [6]. Intra-tumoral in
jection of both IL-2 and ipilimumab was assessed by Ray and colleagues 
in advanced melanoma. The results of this phase 1 trial showed an 
overall response of 40% and the clinical benefit in 50% of patients 
receiving combination therapy. Interestingly, local injection was led to 
an abscopal response in 89% of subjects, which is outstanding [50]. The 
abscopal response is referred to the effects distant from the localized 
response,such systemic and indirect effect can boost the activity of im
mune system against cancer and reduce the chance of metastasis 
[47,49]. Patel and coworkers evaluated the effect of sequential admin
istration of high-dose IL-2 and ipilimumab in metastatic melanoma. The 
outcomes of this study showed the higher potency of the combination 
therapy over 3 mg/kg ipilimumab monotherapy for improving 1-year 

OS in treated patients (77% vs 46%). The number of patients involved 
in this study was 29, among them only 20 cases were met the criteria for 
evaluation, such small sample size indicates the need for more studies in 
the area [33]. Besides, the outcome of this study is inconsistent with the 
4-year OS of 76.6% reported for melanoma patients (stage IIIC-IV) 
treated with 3 mg/kg ipilimumab [51]. The number of patients 
enrolled for these trials (29 vs 453 in the second study) and the period of 
time considered for the evaluation of the results can be possible con
tributors for such gap in the outcomes. Weide and colleagues in a phase 
2 trial investigated the efficacy of intra-tumoral IL-2 (9 MIU) in com
bination with systemic ipilimumab for metastatic melanoma. The 
combination therapy resulted in the adverse events (AEs) similar to that 
seen for the respective monotherapy of either agent. In the 15 treated 
patients, 3 cases showed 12-week SD, rendering 20% disease control 

Fig. 2. Clinical responses to the high-dose interleukin (IL)-2 therapy. The efficacy of high-dose IL-2 are assessed as both monotherapy and in combination with 
immune checkpoint inhibitors (ICIs) in patients with advanced or metastatic melanoma (MM) and metastatic renal cell carcinoma (MRCC). Results of median overall 
survival (OS) and objective response rate (ORR) are indicative of the higher response from patients with MRCC to the IL-2 monotherapy. IL-2 combination with 
programmed death-1 receptor (PD-1)/programmed death ligand 1 (PD-L1) blockade and comparing the outcomes with that for IL-2 monotherapy are suggestive of 
the higher efficacy of such combination therapy in patients with MM. 

Table 2 
Combination of interleukin (IL)-2 with chemo/targeted therapy.  

Cancer type Agent 
name 

Patients and 
therapy phase 

Outcomes Ref 

metastatic 
RCC 

entinostat 47 patients, phase 
1/2 

median PFS: 13.8 
months 
median OS: 65.3 
months 

[34] 

metastatic 
RCC 

sorafenib 41 patients, phase 2 median PFS: 7.4 
months 
median OS: 16.6 
months 
ORR: 44.4% 
DCR: 94.4% 

[45] 

RCC, renal cell carcinoma; PFS, progression-free survival; OS, overall survival; 
ORR, objective response rate; DCR, disease control rate. 

Table 3 
Combination of interleukin (IL)-2 with other immunotherapeutic approaches.  

Cancer type Agent name Patients and 
therapy phase 

Outcomes Ref 

Immune checkpoint inhibitors (ICIs) 
metastatic 

melanoma 
ipilimumab: 
CTLA-4 
inhibitor 

29 patients 1-year OS: 77% (vs. 
46% in ipilimumab 
alone) 

[33] 

advanced 
melanoma 

ipilimumab 12 patients, 
phase 1 

overall response: 
40% 
clinical benefit: 
50% 
abscopal response: 
89% 

[50] 

metastatic 
melanoma 

ipilimumab 15 patients, 
phase 2 

SD: 3 patients 
DCR: 20% 

[52] 

metastatic 
RCC and 
melanoma 

anti-PD-1/PD- 
L1 

57 patients (17 
RCC, and 40 
melanoma) 

ORR: 24% (RCC) 
and 22.5% 
(melanoma) 

[31] 

Cellular immunotherapy 
metastatic 

melanoma 
TILs phase 3, 26 

patients 
The 5-year tumor 
relapse was seen in 
11 patients 

[92] 

Vaccination 
advanced 

melanoma 
gp-100 phase 3, 185 

patients 
median OS: 17.8 
months (vs. 11.1 
months)PFS: 2.2 
months  
(vs. 1.6 months) 
clinical response: 
16%  
(vs. 6%) 

[53] 

RCC, renal cell carcinoma; CTLA-4, CTL-associated antigen-4 ; TIL, tumor- 
infiltrating lymphocyte; PFS, progression-free survival; OS, overall survival; 
SD, stable disease; DCR, disease control rate. 
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rate (DCR) [52] (Table 3). 

4.2.2. Cancer vaccination 
The synthetic peptide gp-100 is used as a cancer vaccine. Smith and 

colleagues evaluated the efficacy of gp-100 vaccination in metastatic 
melanoma patients receiving high-dose IL-2 and found a considerable 
rise in the ORR (22%) compared with patients receiving IL-2 alone 
(ORR: 12%) [41]. Schwartzentruber and colleagues in a study involving 
21 centers evaluated the efficacy of high-dose IL-2 combination with gp- 
100 in patients with advanced melanoma. In this phase 3 trial 185 pa
tients were registered and the results showed the higher clinical 
response for the combination therapy (16%) compared to the IL-2 alone 
(6%) [53] (Table 3). 

Key points: The efficacy of high-dose IL-2 therapy is improved when 
used in combination with immune activating agents, such as histone 
deacetylase inhibitors. Application of high-dose IL-2 after PD-(L)1 
blockade therapy is safe and effective for metastatic melanoma, but it 
seems not to be effective for metastatic RCC. The long-term efficacy of 
high-dose IL-2 plus ipilimumab is seemed not to surpass the ipilimumab 
monotherapy. Combination with gp-100 improves responses from mel
anoma to the high-dose IL-2 therapy. 

5. IL-2 in ex vivo cellular expansion for cellular immunotherapy 

IL-2 is known as the T cell growth factor, so T cells expanded ex vivo 
under exposure to the IL-2 show enhanced tumor-killing effects [54]. 
Cytokine-induced killer (CIK) cells can be easily expanded ex vivo, and 
the protocol for their expansion is safe and inexpensive. Such benefits 
have raised growing interests for their application in cellular cancer 
immunotherapy. IL-2 drives the proliferation as well as the cytotoxic 
function of a number of cells including NK, lymphokine-activated killer 
(LAK), CIK and tumor-infiltrating lymphocyte (TIL) cells. CIK cells have 
virtues over the use of LAK cell,the top one among several advantages is 
that application of CIK cells does not need high-dose IL-2 administration. 
In fact, for CIK cell therapy IL-2 is used only ex vivo. By contrast, 
application of LAK cells required also the injection of high-dose IL-2, 
thus raising the rate of toxic effects [55]. Co-culture of CIK with DCs and 
the application of such combination cellular therapy is an interesting 
approach and the promising area in cancer immunotherapy. The idea 
behind exploiting such strategy is the ability of DCs to compensate 
tumor-related antigens specific for CIK cells [56–57]. DC-CIK combi
nation therapy can be used safely and with efficient clinical outcomes 
for patients with various advanced solid cancers, such as gastrointestinal 
cancer [58–59], non-small cell lung cancer (NSCLC) [60], RCC [61–62] 
and breast cancer [63]. 

6. Factors affecting responses to the IL-2 therapy and managing 
strategies 

6.1. Vascular endothelial growth factor 

Vascular endothelial growth factor (VEGF) is a pro-angiogenic factor 
that has a modulatory role on tumor immunity (innate and adaptive). 
There is a positive relation between high tumor level of VEGF with the 
irresponsive IL-2 therapy. Tarhini and colleagues in a study compared 
the effect of VEGF inhibitor ziv-aflibercept plus high-dose IL-2 vs high- 
dose IL-2 in patients with metastatic melanoma. The authors noticed 
higher PFS in the combination group (6.9 vs 2.3 months), which is 
indicative of the VEGF inhibition as an appropriate combination with 
immunotherapeutic agents [36]. Clear-cell RCC is a subtype that dis
plays excess production of VEGF. In a phase 3 trial, Donskov and col
leagues evaluated the roles for cytokine therapy (IL-2 and IFN-alpha) in 
combination with bevacizumab (anti-VEGF mAb) in patients with met
astatic RCC (clear-cell subtype). Evaluations were performed on favor
able or intermediate risk cancer patients. The combination therapy did 
not add any new or unexpected toxicity, but it did not show efficacy 

beyond what observed for solo cytokine therapy [9]. An insignificant 
outcome with combination therapy is in contrast with the study by 
Tarhini and colleagues. The diversity in the type of VEGF inhibitor to 
goes with cytokine therapy along with the different types of cancers 
evaluated in the two studies may interfere with the outcomes. A 3-fold 
rise in the PFS for combination therapy (Tarhini and colleagues) is 
suggestive of additive effects of VEGF inhibition and IL-2 therapy. This, 
however, requires more research in order to grasp more knowledge in 
regard with the cross-talk between VEGF with IL-2 in patients receiving 
exogenous IL-2 therapy. 

6.2. The activity of Fcγ receptors on immune cells 

Fcγ receptors (FcγRs) are expressed on cells of immune system that 
upon binding to the Fc region of IgG antibodies the interaction initiates 
immune activation against cancer. NK cells express FcγR2C and FcγR3A, 
while DCs, monocytes and macrophages express FcγR2A [64]. NK cells, 
for instance, express CD16 (also called FcγR3), the engagement of which 
with the Fc region of antibody mediates antibody-dependent cell- 
mediated cytotoxicity (ADCC), this is different from antibody- 
independent cytotoxic activity of NK cells [65–66]. Erbe and col
leagues reported a link between FcγRs genotypes with the anti-tumor 
outcomes of high-dose-IL-2. Here, the results were confirmed in meta
static RCC. In fact, immune cells through FcγRs are engaged with the 
endogenous anti-tumor antibodies, the activity of which is enhanced by 
high-dose IL-2 and the outcome is tumor destruction and prolonged 
survival. High-dose IL-2 also augmented antibody-enhanced antigen 
presentation by tumor, mediated through activation of immune re
sponses (both innate and adaptive immunity) [64]. 

6.3. Melanoma-associated antigen 3 

Melanoma-associated antigen 3 (MAGE-A3) is considered as a tumor- 
specific antigen that is expressed in most of the melanoma cancer pa
tients, while it lacks in normal tissues except for placenta and testes. 
Combination of MAGE-A3 targeted immunotherapy with high-dose IL-2 
or ICI can be used for treatment of advanced cancer patients. Melanoma 
patients show low but durable responses to such therapy [38]. 

Key points High activity of VEGF renders IL-2 irresponsiveness. The 
anti-tumor activity of high-dose IL-2 is due partly to the activity of Fcγ 
receptors expressed on cells of immune cells. 

7. Pro-tumor activity of interleukin-2 

IL-2 exerts diverse effects on T cells, which is depended on the ‘dose’ 
of this cytokine. As stated above, the diverse functionality is mediated by 
immunosuppressive role at ‘low’ doses but immune activation at ‘high’ 
doses [67–68]. IL-2 is known as a marker of T cell expansion and effector 
function that its progressive loss is contributed to the T cell exhaustion 
[67]. However, there are reports indicated that high-dose IL-2 therapy 
can secondary cause Treg expansion [18] and promotes immunosup
pression in the TME. Jiang and colleagues in the recent study reported a 
link between IL and 2 with induction of T cell exhaustion. They found 
that high and constituent presence of IL-2 in the TME resulted in the 
consistent activation of signal transducers and activators of transcription 
5 (STAT5) in the CD8+ T cells and the subsequent increased activity of 
tryptophan hydroxylase-1, which led finally to the stimulation of 
inhibitory receptors and suppressed production of cytokines and effector 
molecules from CD8+ T cells, rendering a dysfunctional state in the cells 
[69]. Such exhausted cells are failed to make a control over tumor 
growth, the result of which is tumor progression and relapse [67]. 
Exhausted CD8+ T cells display high levels of expression for IL-2Rβ. High 
activity of this receptor is contributed to the expression of PD-1, a known 
T cell exhaustion marker. Presence of such exhaustion phenotype is 
abrogated when IL-2Rβ is removed or downregulated [70] (Fig. 3). 
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7.1. Suppressive role of interleukin-2 on T follicular helper cell activity 

T follicular helper (Tfh) cells are known as a subset of CD4+ T helper 
cells that are located in the B cell zone of secondary lymphoid organs 
including spleen, tonsil and lymph nodes. The B cell zone of these organs 
has germinal centers, within which Tfh cells interact with B cells. 
Infiltration of Tfh cells into the tumor area is believed to increase patient 
survival. Tfh cells help formation and responses from germinal centers 
and are contributed to the durable antibody responses [71]. Tfh cells 
are, in fact, transducing signals of differentiation and survival which act 
for maintaining the development of germinal centers [72]. Tfh cells 
support B cell responses. Cross-talking between B and Tfh cells promote 
survival and differentiation of both cell types. In infection conditions, IL- 
2 is reported to act for limiting the differentiation of Tfh cells and further 
suppression of germinal centers [71]. This is mediated via the activity of 
STAT5 on repressing the expression of B-cell lymphoma 6 protein (Bcl-6) 
[72] (Fig. 3). 

Key notes Controversies exist in regard with the use of high-dose IL- 
2 in cancer immunotherapy. It seems that continuous presence of high 
levels of IL-2 in the TME may pose a negative impact on the activity of 
effector T cells in the TME. Besides, it may increase the rate of toxicity. 
Retarded activity of Tfh cells is also expected in response to the IL-2 
signaling. 

8. IL-15: Is it a good substitute for IL-2? 

IL-15 is a cytokine produced mainly from antigen-presenting cells 
(APCs), such as DCs and monocytes [73]. IL-15 is responsible for 
development, activation and expansion of NK cells [74–75]. Trans
formation of NK cells from CD56bright into the strong cytotoxic CD56dim 

subset under L-15 priming is a clear example of the role of IL-15 in the 
potentiation of NK cell functionality [76]. Monocytes, γδ T cells and 
memory CD8+ T cells are other cells that are activated under exposure to 
the IL-15 [75,77]. 

IL-15 is beginning to have a use in oncology. A question rose in re
gard with the use of ILs in cancer therapy is that whether IL-15 is a 
substitute to the IL-2 therapy or not. IL-2 and IL-15 are members of 4α- 
helix cytokine family. As mentioned, both cytokines display shared IL- 
2Rβγ, and that IL-15, unlike IL-2, dose not bind with IL-2Rα, a receptor 
that interacts with Tregs and is contributed to their expansion [10]. 
Instead, it expresses IL-15Rα (CD215) that acts for IL-15 recycling and its 
trans-presentation to the IL-15Rβγ, being important for promoting sur
vival of NK, natural killer T (NKT) and CD8+ memory T cells [78]. This 
implies that IL-15 shows lower tendency to interact with Tregs, thus the 
expansion of such cells is presumably less common in patients receiving 
IL-15. This virtue may infer that patients receiving IL-15 therapy 
possibly have more chance to recover immune functionality, and that 
the rate of toxicity is presumably less common with such therapy. 
However, a point important for consideration is the ‘sustainability’ of IL- 
2 cytokine therapy. It seems that responses to the IL-2 therapy are more 
durable when the free cytokine is removed in the area [10]. It is proven 
in animal model that after transferring of adoptive activated CD8+ T 
cells, this is the IL-2 (but not IL-15) that mediates anti-tumor immunity 
[10]. Recombinant human IL-15 (rhLI-15) is administered via an 
intravenous route for solid cancer patients. Conlon and colleagues in this 
study reported a considerable expansion in the fraction of CD8+ T 
effector cells and NK. The high rate of NK cell fraction (a 38-fold rise in 
the total number of NK cells) is justifiable. However, a question arises 
from this work is a dramatic increase in the number of CD56bright NK 
cells (by 358-fold rise), which is surprising [79] due to that CD56bright 

NK cells are active in the cytokine production rather than cytotoxicity 
[80]. 

ALT-803 is novel recombinant and super-agonist of IL-15 that is 
introduced as an immune-oncology drug for enhancing the activity of 
immune system against cancer [75]. ALT-803 is in fact an agent that 
targets the shared IL-2/IL-15Rβγ pathway [76]. Margolin and colleagues 
in a study evaluated the efficacy of ALT-803 in phase 1 trial of advanced 
solid cancers. Subcutaneous injection of ALT-803 was well-tolerated, 

Fig. 3. The suppressive effect of interleukin (IL-2) on T cell effector function. Natural killer (NK) cells, dendritic cells (DCs), CD4+ T cells and CD8+ T cells upon 
activation release IL-2 into the tumor microenvironment (TME), which acts for strengthening immune activation against cancer. Polarization of macrophages toward 
anti-tumor type-1 phenotype (M1 cells), formation of DCs, and higher expansion and activity of cytotoxic T lymphocytes (CTLs) and NK cells are the consequences of 
IL-2 activity. Such activation can thus promote a feedback loop of activation in the anti-tumor immune cells of TME, which can direct a diverse route. Here, 
constitutive activation of IL-2 can cause hyperactive signal transducers and activators of transcription 5 (STAT5) signaling which further leads to the increased 
activity of tryptophan hydroxylase-1 (TPH1) and finally promoting an exhaustion state in CTLs. The activity of vascular endothelial growth factor (VEGF), IL-2Rα and 
melanoma-associated antigen 3 (MAGE-A3) may influence such unwanted activity for IL-2. To avoid this, a preferred strategy is to use IL-2 variants engineered to act 
selectively on CD132 and in particular CD122. Examples of these agents which are under current clinical evaluations are NKTR-214, NARA1, Ab-sumIL-2 
and MDNA109. 
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rendering minimal cytokine-related toxicities and causing considerable 
rise in the number of NK cells. The authors suggested the application of 
ALT-803 in combination with other anti-cancer agents [75]. In a phase 
1b trial, Wrangle and colleagues investigated safety and efficacy of 
subcutaneous ALT-803 in combination with intravenous nivolumab for 
NSCLC patients. The authors noticed no dose-limiting toxicities related 
to the use of ALT-803 and the clinical efficacy of combination therapy 
was promising. Such combination regimen can of the highest impor
tance for cases experiencing failure of therapy with PD-1 blockade drugs 
[81]. From what discussed above, it is fair to assert that both cytokines 
have their own pros and cons, and the area of therapy will determine 
selection of either one as a suitable regimen for cancer therapy. For 
example, in adoptive T cell therapy, IL-2 is a preferred choice. In regard 
with safety and the power of activity, IL-15 can possibly be an appro
priate choice. Therefore, is seems that IL-15 has a place in the future of 
cancer immunotherapy. Due to limited data in regard with actual 
functions of IL-15 in human solid cancers we could not strictly advice the 
use of IL-15 over IL-2, which calls for more work in the area. What it is 
understood so far is the promising safety and clinical activity of tar
geting the shared IL-2/IL-15Rβγ pathway using appropriate agents, such 
as ALT-803 in immunotherapy of cancer. 

9. IL-2/IL-2R selective engineering 

9.1. Ab-sumIL-2 

One of the advances in the area of cytokine therapy is the use of 
synthetic IL-2/receptor pairs. Such ligand/receptor pairs can be engi
neered to transmit IL-2-related signals without interacting with the 
endogenous IL-2/IL-2R signaling. This can be an appropriate strategy for 
mitigating toxic effects related to the cytokine therapy [11], so it can 
possibly be an appropriate choice to go with T cell engineering in 
adoptive cell therapy. Recombinant immunocytokines can be con
structed to have an antibody to target tumor along with a super mutant 
(called Ab-sumIL-2). This is for reducing bondage to the CD25, instead 
enhancing binding capacity to CD122. The virtues of this recombinant 
immunocytokine are reduced toxicity and increased anti-tumor poten
tial, mediated via specific bondage to CTLs. Administration of Ab-sumIL- 
2 also overcomes therapy resistance, and it can be an appropriate 
adjuvant to goes with ICIs [82]. 

9.2. Nara1 

NARA1 is a monoclonal antibody (mAb) developed to human IL-2, 
which can be used as a strategy for improving IL-2-based cancer 
immunotherapy. NARA1 is, in fact, acting as CD25 mimicry agent that 
displays higher affinity (by 10-fold) for IL-2 than that for CD25, thus 
precluding IL-2/CD25 interaction [21]. The outcomes of such prefer
ential interaction (IL-2/NARA1 complex) are the lowering toxicity and 
improved immune activation against cancer. 

9.3. Nktr-214 

Pegylation is a way for improving solubility of a drug and its phar
macokinetics. Pegylation in specific sites of a protein ligand will lead to 
an alteration in the binding activity of its specific domains. In regard 
with IL-2, pegylation can be a way to make a balance in TME favoring 
effector T cell activity [83]. Bempegaldesleukin (also called NKTR-214) 
is an IL-2 agonist engineered to enhance the anti-tumor activity of this 
cytokine, as well as for improving half-life and the tolerability [18,83]. 
NKTR-214 contains six molecules of polyethylene glycol (PEG) that are 
released to attach subunit α of IL-R. Such attachment preferentially re
duces the binding activity of IL-2 to the α chain, instead the tendency for 
binding to the CD122/CD132 will be increased. This will lead to the 
reduced toxicity and enhanced anti-tumor activity of immune system 
[18]. NKTR-214 is thus considered as an IL-2Rβγ-based agonist of IL-2 

pathway that acts for stimulation of the proliferation and activity of 
CTL and NK cells and revoking the undesired expansion of Tregs [84]. In 
a study, NKTR-214 was administered to 28 patients with advanced solid 
cancers, and the outcomes showed no objective responses. However, 
35% of cases showed a rate of reduced tumor volume, ranged from 2 to 
30% [85]. Bentebibel and colleagues in a study evaluated the effects of 
NKTR-214 on advanced or metastatic solid cancer patients, most of them 
had melanoma and RCC. In this phase 1 trial, 28 cases were participated 
and the heavily pre-treated cases showed tumor shrinkage along with 
the long-lasting disease stabilizing effects. Repeated administration of 
this IL-2R agonist has found to increase effector immune cell fraction 
and activity. The authors declared that NKTR-214 can be an optimal 
immunotherapy approach and an appropriate adjuvant to be used with 
ICIs [84]. To proceed with this hypothesis, the same group evaluated the 
efficacy of NKTR-214 plus the PD-1 inhibitor nivolumab in advanced 
cancer patients. In this dose-escalating trial 38 patients were registered, 
and the ORR was satisfactory (59.5% including 7 patients with complete 
responses) [86]. Such promising ORR is suggestive of the efficacy of IL- 
2Rβγ agonists in combination with ICI possibly in patients with other 
advanced cancers. However, more works are needed to power the idea. 

9.4. Mdna109 

MDNA109 is a variant of IL-2 cytokine engineered to bind selectively 
to the CD122. MDNA109 is known as an IL-2 superagonist that repre
sents an affinity much higher than that for proleukin (native IL-2), 
representing about 1000 times higher binding ability; the result of 
such extensive affinity is the preferential expansion and responses of NK 
and CD8+ T cells over Tregs. Besides, the toxicity related to the 
MDNA109 is by far lower [87]. Both MDNA109 [87] and NKTR-214 
[85,88] preferentially activate CD8+ T cells over Tregs. Due to the 
higher affinity of MDNA109 for CD122, its efficacy on this preferential 
activity is by far higher than that for NKTR-214. 

Key notes Engineering IL-2 variants with selective activity on pref
erential receptors (CD122 in particular) is under way and is the current 
focus in cancer immunocytokine therapy. NKTR-214 is an IL-2Rβγ 
agonist with a stimulatory effect on effector immune cell functionality, 
which is considered as appropriate combination with ICIs. MDNA109 
represents selective binding activity for CD122 and the preferential role 
on expanding effector population of T cells over Tregs. 

10. Toxicities related to the high-dose IL-2 

10.1. Normal organ toxicity of IL-2 

Tachycardia, hypotension and augmented vascular permeability are 
hallmark of IL-2 cytokine storm. Hypotension is the most common 
toxicity related to the high-dose IL-2 therapy and is largely unavoidable 
[89]. VLS is a serious systemic side effect of IL-2 therapy [90], which will 
cause fluid infusion, edema and weight gain [89]. Toxicities related to 
the high-dose IL-2 can be life-threatening indeed. Patients may even go 
to the coma, so supervision by an oncologist is suggested [68]. In a 
study, high-dose IL-2 was used, and about 87% and 73% of patients 
(from 391 cases) showed hypotension and capillary leak or edema, 
respectively [35]. By contrast, safety is higher in patients receiving 
NKTR-214. Based on the outcomes of one study, patients heavily treated 
with this IL-2Rβγ agonist were well-tolerated the therapy and most of 
the AEs were grade 1/2. Grade 3 hypotension was also rapidly managed 
in NKTR-214-treated cases, so the drug is represented to be safe for 
advanced or metastatic cancer patients [84]. 

After administration of IL-2, release of other cytokines into the blood 
stream occurs; this will augment permeability of capillary beds and 
reducing vascular resistance, a result of which is the fluid shift from 
blood into the extracellular spaces [91]. High-dose IL-2 therapy is thus 
not suggested for patients with fluid collections, such as plural effusion 
or abdominal ascites. Expansions of fluid contents can increase the risk 
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of infections, so patients must be assessed carefully for any infections 
prior to the start of high-dose IL-2 [89]. Hypovolemia related to the VLS 
can cause multi-organ issues, marked by reduced blood flow to the 
heart, kidney, gut and brain causing ischemia, oliguria and confusion 
[91]. VLS in the capillary bed of lungs can also cause pulmonary 
congestion and dyspnea, and the severity of such condition will be 
increased in patients receiving continuous IL-2 therapy [32]. 

High-dose IL-2 therapy can increase total serum bilirubin and liver 
transaminases. Hypothyroidism may also occur with such therapy. 
Common neurologic side effects of high-dose IL-2 are depression, anxi
ety, dizziness, delirium and somnolence [32]. Cytokine storm occurring 
due to the exogenous IL-2 therapy can also cause symptoms mimicking 
of what seen in flu, such as chills, fever, arthralgias and myalgias [91]. 

10.2. Management of IL-2-related toxicity 

A point here is that toxicities related to the IL-2 therapy are revers
ible and are generally disappear within 2–3 days of treatment comple
tion. Toxicity of IV bolus administration of high-dose IL-2 is higher than 
subcutaneous or IV bolus administration of low-dose IL-2. In addition, 
the rate of toxicity is higher with continuous IV injection of high-dose, 
compared to the bolus prescription of the same dose. Thus, manage
ment of the dose, route and the frequency of administration are possible 
strategies. It is suggested to reassess patients for eligibility prior to the 
injection of each dose. Warm blanket and meperidine are requested for 
patients experiencing chills. Fever can be managed by acetaminophen. 
Patients who develop infection are suggested to withheld IL-2 therapy 
until recovery. Routine check-up for blood pressure is suggested [91]. It 
is requested to monitor patients constantly for pulse oxygen due to the 
possibility of dyspnea [32]. 

11. Conclusion and future perspectives 

From what discussed in this literature it could be asserted that high- 
dose IL-2 in the native form can be problematic in patients with 
advanced melanoma and RCC. It represents low half-life which demands 
for it continuous administration, a result of which is its higher rate of 
severity. As discussed, high-dose IL-2 therapy can secondary cause Treg 
expansion that are act for hampering the activity of effector T cells [18]. 
However, due to the importance of this cytokine in modulating the ac
tivity of cells within TME it is suggested to use this cytokine in the native 
form in ex vivo culturing of cells for cellular immunotherapy. Modula
tion of factors implicated in the harnessing IL-2 responses can be a way 
for improving responses to the high-dose IL-2 therapy and reducing its 
AEs. Nowadays, a key focus is for engineering IL-2 variants that repre
sent higher half-life, lower toxicity and higher efficacy compared with 
the conventional high-dose IL-2 therapy. Fortunately, progresses are 
made in the field, and some agents, such as MDNA109 are introduced 
and can have a place in the future of cancer immunotherapy. 
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