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The past, present and future of immunotherapy against tumor
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Abstract: Tumor is one of the most common lethal diseases in the world. Current progress of therapy

remains insufficient survival benefit. Tumor immunotherapies have been proposed for more than a century.

With the improvement in the understanding of the role of the immune system in the tumorigenesis and

immune response to tumor, immunotherapy has obtained a rapid development and plays the significant role

in tumor therapy nowadays. This review designs to provide a general overview of immunotherapy in tumors.

We will introduce the landmark events in the past research of immunotherapy and elaborate a range of

strategies using different immune response mechanism, which have been demonstrated successfully and even

some of them have been approved by US Food and Drug Administration (FDA) to certain tumor therapy.

Finally, we will discuss the future direction of immunotherapy so that we can predict the possible and

valuable strategies for future tumor therapy.
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Tumor is one of the most common lethal diseases in the
world, with 14 million new cases diagnosed annually and
is also the leading cause of deaths worldwide, causing
8.2 million deaths annually as World Health Organization
(WHO) reported in the World Cancer Report 2014.
Although the identification of a large amount of driver
oncogenes and anti-oncogenes has resulted in improved
treatment outcomes in some special subgroups of tumor
patients, survival remains dismal as a whole and we
still need to explore the novel therapeutic approaches.
Considering that immune system plays a pivotal role in
the tumorigenesis, immunotherapies in different kinds of
tumors have been more and more crucial and promising.

Past
History of tumor immunotherapy

Our understanding of tumor is associated with the
development and knowledge of the immune system.
In the 1890s, Williams Coley, a surgeon in New York,
demonstrated that streptococcal bacteria into the inoperable
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tumors of cancer patients could induce the immune
response to combat tumors (1-3). Unfortunately, our scarce
cognition of immune system has limited its development.
During that time, immunotherapy was not considered
a serious cancer therapy. Up to the middle of the last
century, Coley’s work was firstly published and tumors
were discovered to be recognized by the immune system.
In the 1960s, some researchers suggested that lymphocytes
continuously checked tissues through the recognition of
tumor-associated antigens for transformed cells to destroy
(4,5). Whilst others indicated that adjuvants could eradicate
some tumors. In the 1970s and 1980s, immunologists
searched for antibodies that would bind to tumors in the
serum of tumor patients, and studies have demonstrated
that lymphocytes activated with lectins or with interleukin-2
(IL-2) or interferons (IFNs) could target tumor cells
in vitro (6-9). In the 1990s, a series of landmark events
changed the prospects of tumor immunotherapy. Firstly,
the first tumor-associated antigen was cloned (melanoma
associated antigen 1) and immunogenic tumor antigens
were discovered, suggesting that they may be recognized
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and cleared by the immune system (10-13). Secondly,
tumor cells were shown to be highly genetically unstable.
This could produce tumor-specific epitopes on the surface
of the cells, which can distinguish them from normal
cells (14). Thirdly, interferon-a2 (IFN-02) was approved
by the US Food and Drug Administration (FDA) for the
adjuvant treatment of stage IIB/III melanoma in 1995.
IL-2 was approved by the FDA in 1998 for the treatment
of metastatic melanoma and renal cell carcinoma. These
have led the tumor immunotherapy into a new era. In the
21™ century, immunotherapy ushers in the new spring.
Immunological checkpoint inhibitors are more and more
significant and encouraging (Table 1) (15-24), such as the
antibodies of cytotoxic T-lymphocyte antigen-4 (CTLA-4),
programmed death-1 (PD-1), T-cell immunoglobulin-
and mucin domain-3-containingmolecule 3 (TIM3),
Lymphocyte-activation gene 3 (LAG3) and killer cell
immunoglobulin-like receptor (KIR). Ipilimumab, the
CTLA-4 blocking antibody (25), has provided the first
phase III trial evidence of a survival benefit in advanced
melanoma (26) and been approved by FDA for the

immunotherapy of advanced metastatic melanoma.

Immune response to tumor

Immune response to tumor is a complex process (27). Both
innate and adaptive immunity play the part in this process.
Adaptive immune response is the major and vital process
in the immune response to tumor. Generally, this process
can be divided into two steps: induction or activation phase
and effector phase. In the induction phase, specialized
antigen present cells (APCs), also called dendritic cells
(DCs) play the critical role. It can handle the antigens from
the tumor and present them to naive T cells. Before this
process, DCs must receive an immunogenic maturation
stimulus, such as microbial peptides or pro-inflammatory
cytokines, so that it can be activated upon capture and
antigen presentation. Without such a stimulus, an opposite
reaction will induce tolerance by T-cell deletion and/or
the production of regulatory T cells (Tregs) (28-30).
Immunogenic maturation signals not only can be derived
from necrotic tumor cells, but also can be therapeutically
administered. DC maturation is induced by activated
pattern recognition receptors such as Toll-like receptor
(TLR). Therefore, TLR ligands or agonist antibodies
may be used to stimulate the DCs. Such stimulated DCs
will process the captured antigen and present it on MHC
class II molecules, at which point they are transported to
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the draining lymph node, interact with T cells and induce
an immune response. After MHC and processed antigens
binding together, T-cell receptor (TCR) will interact with
them and a co-stimulatory signal in the form of either
plasma membrane ligands on the DC that interacts with
stimulatory or inhibitory receptors on the T-cell, or in the
form of secreted cytokines, would take place for the purpose
of the effective immune response to tumor cells (31). If a
co-stimulatory signal is received, T cells will become
activated. The immune response will enter the effector
phase. T-cell mediated immune response is modulated by
stimulatory and inhibitory signals. Immune co-stimulatory
molecules include CD28, CD137, glucocorticoid-induced
tumor necrosis factor (I'NF) receptor (GITR), and
0OX-40 (32-35). This co-stimulatory signal can be in the form
of interaction with plasma membrane ligands of TNF family
or the B7 family on the DCs with activating receptors on the
T cells. Both the TNF and the B7 family of ligands interact
with activating receptors, whereas only B7 family ligands
interact with inhibitory receptors. When the activated
T-cell travels to the tumor, it will recognize the antigens and
eliminate the tumor. However, the tumor possesses some
defense mechanisms. During the immune response, the
immune system prevents attacking “self” cells under the help
of immunological checkpoints. Unfortunately, tumor cells
can use these checkpoints as a defense mechanism to deliver
the inhibitor signals. The dysfunction of these immune
checkpoints can lead to tumor tolerance and eventually allow
for tumor “escape” from the immune system.

Current therapy targets

Immunotherapy has made marvelous progress in recent
years. IL-2 and IFNs have been approved by FDA in some
kinds of tumors. Other cytokines remain uncertainty on
antitumor effect. A therapeutic cancer vaccine intends
to treat an existing cancer by strengthening the body’s
natural defense against cancer. Early attempts to use
such technologies were of limited success. As research
continues, a number of promising vaccine candidates based
on different types of antigenic stimulus have now been
evaluated in clinical studies. DCs and T cells based therapy
experienced a flexuose development process and it still
need our more research. Recently, inhibitors targeting the
immune checkpoints have shown more and more exciting
and promising antitumor effect, especially targeting the
inhibitory receptor CTLA-4, PD-1 and programmed death
ligand-1 (PD-L1).
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Present
Cytokines

Interleukin-2 (IL-2)

IL-2 is a pleiotropic cytokine produced after antigen
activation, which was first discovered in supernatants of
activated human T cells in 1976 (36). It can promote CD8"
T-cell and NK cell cytotoxicity activity, and modulate T-cell
differentiation programs in response to antigen, promoting
naive CD4" T-cell differentiation into T helper-1 (Thl)
and T helper-2 (Th2) cells while inhibiting T helper-17
(Th17) differentiation (37-39). Moreover, IL-2 is essential
for the development and maintenance of Tregs and for
activation-induced cell death, thereby mediating tolerance
and limiting inappropriate immune reactions (40). IL-2
immunotherapy has been used for many years. It can result
in complete remission of 5-10% of patients with metastatic
melanoma and renal cell carcinoma, with lack of recurrence
for as long as 25 years and potential cures of 70% of these
individuals (41). A study including 270 melanoma patients
reported CR in 17 patients (6%) and PR in 26 (10%) (42).
In 2000, the follow-up study reported CR median duration
of at least 59 months, although this had not been reached in
their patient population. Based on this, IL-2 was approved
by FDA for the treatment of metastatic melanoma in 1998.
A limitation of IL-2 is its toxicity, including severe capillary
leak syndrome that can accompany such treatment.

In order to improve the outcome with IL-2, many
studies have suggested that combination of IL-2-based
immunotherapy and chemotherapy or targeted therapy may
be the breakthrough. The initial results of combined IL-2 and
chemotherapy were promising (43). However, two phase III
trials were unable to produce statistically significant response
improvements and overall survival (OS) benefit (44,45). In
another phase II study (46), 70 consecutive patients with
advanced non-small cell lung cancer (NSCLC) were divided
into gefitinib (G) and gefitinib + IL-2 (GIL-2) group. In the
GIL-2 group and G-group, the author observed: an overall
response rate of 16.1% and 5.1%; a disease control rate of
41.9% and 41%; a median time to progression of 3.5 and
4.1 months; a median OS of 20.1 and 6.9 months (P=0.002).
This study showed that IL-2 could increase the efficacy of
gefitinib. Whether other epidermal growth factor receptor
tyrosine kinase inhibitors (EGFR-TKIs) combined IL-2 have
this effect need our further research.

Interferons (IFN)
IFNs are naturally secreted glycoproteins produced by
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almost every cell type, which can prevent the host from
microbial attack and tumor cells invasion (47,48). Its family
is classified into three different groups. Type I IFNs consist
of IFN-a (comprised of 13 subtypes), IFN-B, IFN-«, IFN-3,
IFN-¢, IFN-1, IFN-0, and IFN-&. Type II IFN contains one
member, IFN-y. Type III IFNs consist of 3 members: IFN-A1
(IL-29), IFN-A2 (IL-28A), and IFN-A3 (IL-28A) (49,50).
All three types of IFNs can induce apoptosis of tumor cells.
The mechanism is unclear, but JAK/STAT signaling pathway
remains fundamental in initiating the apoptotic signals of
IFNs is clear after extensive studies (51,52).

Multiple clinical trials about IFN-based immunotherapy
were designed to test its antitumor effects in a variety
of tumors after 1980s, including chronic myelogenous
leukemia (CML), melanoma, hairy cell leukemia and
other types of solid tumors. IFN-02b was first shown to be
beneficial in stage II/III melanoma. A number of studies had
demonstrated that adjuvant IFN can significantly increase
disease-free survival (DFS) and in some studies, OS (53-57).
FDA has approved IFN-a2b as the adjuvant therapy for
melanoma patients in 1995. Although IFN immunotherapy
is effective in a small subset of tumor patients, it is also
associated with high toxicity. For the purpose of high
survival benefits, IFN in combination with other treatment
modalities is now exploring. One study reported that IFN-a
combined with ribavirin, an inhibitor of RNA metabolism,
could prevent recurrence and occurrence of hepatocellular
carcinoma (HCC) in difficult-to-treat patients with high
titers of hepatitis C virus (58). Moreover, patients with
HCC show increased responsiveness to IFN therapy when
combined with 5-FU.

Vaccines

Traditionally, vaccines to infectious diseases contained
an inactivated form of the pathogen, so that they would
stimulate an immune response, but not risk the development
of disease from the pathogen. Tumor immunologists
mimicked this approaches and developed the cancer
vaccines, which is to produce an immune response that
eliminates cancer cells and produces long-lasting immunity.
Theoretically, these vaccines could result in the tumor death
and elimination. However, most of the clinical trials proved
these methods ineffective. As the representative example, an
irradiated, polyvalent, whole-cell melanoma vaccine known
as Canvaxin, which seemed promising in phase II studies of
melanoma patients at risk for relapse, revealed no benefit
for patients in phase III study (59,60).
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Nowadays, most cancer vaccine approaches use a specific
target antigen that is only expressed in the cancer. One of
antigen-specific vaccines, melanoma-associated antigen-A3
(MAGE-A3), a family of tumor specific antigens that is
expressed on variety of tumor cells, is promising during
recent studies. A phase II trial studying the efficacy and
safety of the vaccine was performed in 182 patients with
MAGE-A3 positive, resected stage IB/II NSCLC (61). The
results showed a positive trend in DFS and OS. In addition,
the vaccine was very well tolerated resulting in a good
compliance. These encouraging results lead to a phase III
trial, which is to explore the efficacy of MAGE-A3 vs. placebo
in adjuvant setting for patients with MAGE-A3 positive stage
IB, II or IITA NSCLC. Survival benefit is anticipated.

Another vaccine approach we will focus on is DC
vaccines. As we said above, DCs are the key immune cells
that can process the antigens and present them to naive T
in the adaptive immune response to tumor. The first clinical
trial with ex vivo DCs was performed in 1996 (62). With the
progress in the understanding of the biology of DCs, we
have developed many DC-based novel vaccine strategies. As
Palucka reported (63), DCs can be exploited for vaccination
against cancer through various means including: (I) non-
targeted peptide/protein and nucleic acids-based vaccines
captured by DCs in vive; (I) vaccines composed of antigens
directly coupled to anti-DC-antibodies; or (III) vaccines
composed of ex vivo generated DCs that are loaded with
antigens. All these methods are assessed in ongoing clinical
trials.

T-cell based therapy

T-cell is the indispensable part in the adaptive immune
response to tumors. DCs would interact with T cells after
processing the tumor antigens, and activated T cells would
trigger a series of reactions to kill tumor cells. The initial
T-cell based therapy was reported by Rosenberg in 1988 (64).
Up to now, this method has been developed different
strategies. For instance, tumor infiltrating lymphocyte (TIL)
based strategy has been demonstrated that it has less risk for
autoimmunity. National Cancer Institute group summarized
its 10-year experience with phase II clinical trials. The results
showed that the clinical response rate is 51% and continuing
complete regression over 5 years is 13%. Moreover, recent
study indicated that most TILs are directed to unknown
antigens instead of known tumor antigens, probably mutated
self-proteins that are not expressed in other tissues (65).
Another impressive strategy is chimeric antigen receptor
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T (CAR-T) cells based therapy. The structure of chimeric
antigen receptor (CAR) is an extracellular single chain
antibody and an intracellular TCR signaling domain.
CAR-T is the T cells expressed the CAR, which obtained
from the peripheral blood. As an escape mechanism, MHC
expression would downregulate in many tumor cells so
that T cells cannot recognize them. With the help of CAR,
the antigen is still identified by the antibody and via the
intracellular TCR signaling domain the T-cell becomes
activated. The clinical trials in hematologic tumors have
shown promising results (66-68). It is worth mentioning
that yd T-cell-based immunotherapy is becoming more
and more impressive. Yo T cells recognize pathogens and
transformed cells in a HLA-unrestricted manner. It can
share characteristics of both the innate and adaptive immune
system, displaying both innate cytotoxic functions and
antigen-presenting capability, particularly in the presence
of antibody-opsonized target cells. In a systematic review
of clinical trials about y3 T-cell for cancer immunotherapy,
the author found that y8 T-cell-based immunotherapy is
superior to current second-line therapies for advanced renal
cell carcinoma and prostate cancer, but not for NSCLC.
Furthermore, some studies have suggested that y3 T cells
and some antitumor antibodies such as rituximab can be
successfully combined for the treatment of tumors since it
can overcome the immunosuppression (69-71).

Immune checkpoints pathway

Cytotoxic T-lymphocyte antigen-4 (CTLA-4)

When an antigen was presented to TCR, the MHC and
B7 molecules on APCs would bind to CD28 on T cells
leading to the activation of CD4 and CD8 cells. CTLA-4
can also bind to B7 but conduct the inhibitory signals.
Mice with CTLA-4 knockout have been shown to have
lethal lymphoproliferation, which indicated that CTLA4
plays an important role in inhibiting T-cell activation (72).
Ipilimumab is a humanized monoclonal antibody that binds
to CTLA-4, thereby preventing it from binding to B7 and
reducing the inhibition of T-cell activation by CTLA-4.
Its inhibition also reduces Tregs, ultimately leading to
an accelerated immune response to tumor associated
antigens. Ipilimumab has provided the survival benefit to
advanced melanoma in a phase III trial and been approved
by FDA for the immunotherapy of advanced metastatic
melanoma. In a randomized phase II trial in patients with
advanced NSCLC, patients received ipilimumab had the
longer immune-related progression-free survival (PFS),
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especially patients with squamous histology had longer
OS (15). Ipilimumab is also being studied in combination
with EGFR and ALK tyrosine kinase inhibitors in NSCLC
(NCT01998126).

Programmed death-1 (PD-1)

PD-1 receptor is expressed in the CD4, CDS8, Tregs and
NK cells. Its ligands include PD-L1 (B7-H1) and PD-L2
(B7-DC). In many tumors, PD-1 is up regulated in TILs,
while a large amount of tumors have increased PD-L1
expression. When PD-1 binds to PD-L1 between tumor
cells and lymphocytes, it would result in T-cell anergy and
APCs not processing tumor antigens. Nivolumab is a fully
human IgG4 monoclonal PD-1 antibody without detectable
antibody-dependent cellular cytotoxicity (ADCC). In a
phase I study of patients with advanced stage solid tumor,
including NSCLC, prostate cancer, renal cell carcinoma,
colorectal cancer and melanoma (22). In the NSCLC
cohort, the objective response rate (ORR) was 17% with
a median duration of response of 74 weeks (range, 6.1-
133.9 weeks). In the melanoma cohort, ORR was 31%.
In comparison to ipilimumab, nivolumab was generally
well tolerated with less frequent immune-related adverse
effects (AEs). Therefore, three phase III trials are being
conducted to evaluate the role of nivolumab in patients
with advanced melanoma (NCT01721746, NCT01721772,
NCT01844505). Furthermore, combining PD-1 antibody
with a cancer vaccine that also works in the activation phase
may provide some benefit. In a study using mice, combining
PD-1 antibody with the stimulated DC maturation through
activation of TLR pathways showed a synergistic effect (73).

Programmed death ligand-1 (PD-L1)

As one of PD-1 ligand, PD-L1 is a member of the
B7superfamily, which is expressed in T and B cells,
macrophages and DCs. It is also up regulate in many kinds
of tumors. Recent study has demonstrated that PD-L1
expression was associated with vascular invasion and higher-
grade differentiation but not associated with EGFR/KRAS
mutations or ALK rearrangement (74). The monoclonal
antibodies of PD-L1 undergoing clinical development
include the monoclonal antibodies MPDL3280A,
MEDI4736, BMS-936559 and MSB0010718C. The Fc
domain of MPDL3280A has been engineered to avoid
ADCC. In a phase I study of MPDL3280A in pre-treated
patients with advanced NSCLC, the ORR was 24% and
the 24-week PFS was 46%. The higher ORR is in patients
with PD-L1 positive and former/current smokers than
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PD-L1 negative tumors (100% wvs. 15%) and never smoker
(25% wvs. 16%), respectively. MEDI-4736 is an engineered
human IgG1 antibody. In its phase I trial, patients with
solid tumors had the clinical activity and durable disease
stabilization with no dose limiting toxicities or grade 3-4
treatment-related AEs. Another phase I trial combining this
antibody with the anti-CTLA4 antibody, tremelimumab, is
under plan (NCT01975831).

Future perspectives

With the advances in the understanding of tumor
heterogeneity, we have laid more and more emphasis on
the targeted therapy and personalized medicine. The first
and most important step is to select the targeted patients
with different tumors. In other words, we should identify
the predictive markers which can predict the antitumor
effect and survival benefit before the implementation of
immunotherapies. In the past studies, researchers have
reported that some predictive markers were all associated
with a better response to IL-2 therapy in melanoma
patients, such as a good performance status (e.g., Eastern
Cooperative Oncology Group 0 or 1), normal lactate
dehydrogenase levels, metastasis to less than three organs
and cutaneous (43,75). In a prospective study, authors
have investigated whether there was a correlation between
responsiveness of patients with metastatic melanoma to
immunotherapy with IL-2 and IFN-a and the HLA type
of the patients. Two HLA alleles that have been shown to
function as restriction elements in vitro were observed more
frequently in responding patients, namely Cw7 (P=0.014)
and Al (P=0.19). No association was found for A2 and B44.
These observations provide evidence that the responsiveness
of metastatic melanoma to immunotherapy with IL-2 is
associated with certain HLA types (76).

In the immunotherapy with checkpoint inhibitors such
as CTLA-4, we have identified some predictive markers
that may translate into clinical application such as absolute
lymphocyte count (ALC), inducible costimulator (ICOS),
HLA-DR and CD45RO (77). The ALC is routinely
measured to exclude lymphopenia associated with some
therapies and the rate of rise in ALC was identified to
correlate with clinical benefit (78). The correlation between
CTLA-4 blockade and ICOS was first described in an
analysis of 6 bladder cancer patients receiving ipilimumab
in the pre-operative setting. Studies have shown a positive
correlation between ipilimumab treatment and frequency of
CD#4" cells expressing high levels of ICOS (79). One study
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of 12 patients treated with tremelimumab has demonstrated
a correlation between HLA-DR and CD45RO with clinical
response (80). Furthermore, PD-1 may be predictive
marker in the nivolumab therapy. In a preliminary study,
results showed that 36% of the patients that were positive
for PD-L1 ligand expression had an objective response to
anti-PD-1 therapy compared with none of the 17 patients
with PD-1 negative tumors. Preliminary data suggest a
relationship between PD-L1 expression on tumor cells and
objective response (22). The above results indicated that
immunotherapy is similar the molecular targeted therapy.
Both of them have the special benefit patients with tumors.
Before therapy implementation, we should identify these
patients with help of methods of molecular biology.

Another significant direction is the combination therapy.
The concept of combination therapy has been a common
approach in tumor therapy. As an example, a platinum-
based doublet for NSCLC therapy is the successful case in
combination cytotoxic chemotherapeutic agents with other
drugs. We have summarized the some ongoing clinical trials
about the combinations between different immunotherapies
especially the checkpoints inhibitors in 7able 2. To date,
some studies have confirmed that combinations between
different immunotherapies are more effective than single
strategy. As we have mentioned before, EGFR-TKIs
(gefitinib) combined with IL-2 have showed the more
survival benefit and less AEs than gefitinib for NSCLC
treatment in a phase II study (46). IFN-o combined with
ribavirin could prevent recurrence and occurrence of HCC
in difficult-to-treat patients with high titers of hepatitis C
virus (58). In the preclinical studies, combination TIM-3
or LAG-3 blockade with PD-1 blockade is more effective
than blocking either receptor alone (81,82). Another
study suggested that combination blockade of the PD-1/
PD-L1 and CTLA-4 allows tumor-specific T cells that
would otherwise be inactivated to continue to expand and
carry out effector functions, thereby shifting the tumor
microenvironment from suppressive to inflammatory (83).
However, the combination of immunotherapeutic agents
with one another and with chemotherapy regimens requires
careful investigation in their consideration because some
combinations of targeted therapy and chemotherapy have
been found to be of benefit, other combinations may be
against.

Conclusions

Immunotherapy is becoming more and more encouraging
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Clinical trials.gov

Primary endpoint

Control

Patients .
Regimen
number

Country

Table 2 Ongoing clinical trials about the combinations between different immunotherapies especially the checkpoints inhibitors
Phase

Tumor

www.tler.org

NCT01604889
NCT01480323
NCT02073123

Drug related AEs

Control rate

Placebo + ipilimumab

IL-2

INCB024360 + ipilimumab
Ipilimumab + IL-2

USA 136
41

Germany

I/

Melanoma

Melanoma

Drug related AEs
Drug related AEs,

Indoximod

Indoximod + ipilimumab
NY-ESO-1+ ipilimumab

USA
USA + Australia

I/

Melanoma

NCT01810016

Ipilimumab

27

Melanoma
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and promising in tumor therapy. Different strategies based
on the various mechanism of immune response to tumor
have been developed and showed antitumor effect in some
degree. In particular, immunological checkpoint inhibitor
is one of the critical immunotherapeutic agents. However,
before immunotherapies implementation, we should identify
the targeted patients with the help of predictive markers.
Furthermore, combination between different strategies
would become the major therapy methods to tumors in
the future. Ultimately, the timing of immunotherapy
administration, duration of treatment and the tolerance of
initial treatment may be the future challenges.
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