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Cancer immunotherapy is a promising and effective treatment modality for patients with cancers. Cytokine, anticytokine, and
antibody therapies appear to be effective in treating various forms of cancer. The human papillomavirus vaccine is protective for
cervical cancer, and this discovery has paved the way to the development of cancer vaccines for other forms of virus-associated
cancers such as liver cancer and Merkel cell carcinoma. Clinical trials have demonstrated that adoptive cell therapy using tumor-
infiltrating lymphocytes can induce tumor regression in approximately 75% of metastatic melanoma patients, suggesting the
possibility of using similar technique to effectively treat breast, lung, and renal cancers in the near future. Besides, genetically
engineered T cells transduced with genes encoding specific T cell receptors and chimeric antigen receptors have been shown
effective in the treatment of cancer patients. These studies suggest that combination therapies are superior choices in cancer
immunotherapy for patients.

1. Introduction

Cancer develops when abnormal cells grow uncontrollably
and spread in human body. Different from normal cells, can-
cer cells have two unique characteristics, that is, uncontrolled
growth andmetastasis. Recent studies have shown that cancer
cells have eight hallmarks, including sustaining proliferative
signaling, evading growth suppressors, resisting cell death,
enabling replicative immortality, inducing angiogenesis, acti-
vating invasion and metastasis, reprogramming of energy
metabolism, and evading immune destruction [1]. Usually,
genemutations induced by intrinsic factors and/or exogenous
factors result in the production and growth of cancer cells. It
has been estimated that new cases of cancer are 1.66 million
and deaths from cancer are 0.58 million in the United States
in 2013 [2]. It is expected that there will be 20–30million new
cases of cancer and 13–17 million people will die from caner
all over the world by 2030 [3]. At present, cancer is the most
serious health problem worldwide [4].

Cancer treatment is still a challenging task to both sci-
entists and clinicians. Currently, cancer is usually treatedwith
surgery [5, 6], radiation [7, 8], chemotherapy [9, 10], hormone
therapy [11], biological therapy [12, 13], and targeted therapies
[14–16]. However, no method available presently for cancer

treatment is satisfactory [17]. With the advancement in
immunological science and related disciplines, immunother-
apy is becoming a new promising method for cancer treat-
ment [18–21]. In this paper, the history, current status,
and prospects of immunotherapy for cancer treatment are
discussed.

2. Cancer Development

Cancer results from uncontrolled proliferation of aberrant
cells in the body. However, the mechanisms of cancer devel-
opment have not been fully understood. Early studies have
shown that cancer development is a multistep process [22].
In this hypothesis, normal cells gradually become malignant
through a progressive series of alterations resulting from the
actions of two or more oncogenes due to gene mutations
[23]. The multistep nature of cancer development has been
evidenced in prostate cancer, colorectal cancer, breast cancer,
acute lymphoblastic leukemia (ALL), acute myelogenous
leukemia (AML), and myeloproliferative disorders [24, 25].
Generally, the multistep of cancer development includes
initiation, promotion, and progression [22]. The multistep
hypothesis of cancer development has an implication in
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cancer treatment in that the early neoplastic cells may be
effectively interrupted before the malignant cells come out.

In 1976, Nowell proposed clonal evolution hypothesis to
explain cancer development [26]. He proposed that cancer
develops by a repetitive process of clonal expansion and
clonal selection within the tissue ecosystems in human body.
He also proposed that clonal evolution hypothesis may have
great implications in cancer treatment as cancer treatment
may destroy cancer clones and corrode cancer habitats. How-
ever, it may unwittingly produce selection pressure for the
clonal expansion of resistant cancer cells [27]. For instance,
there are numerous genetic subclones of leukemia-initiating
cells in ALL patients [28]. Analysis of AML patients’ samples
showed relapsed AML after chemotherapy, demonstrating
the generation and presence of a primary clone [29]. Fur-
thermore, analysis of paired persistent AML samples revealed
cancer patients with 2 concomitant dominant clones; one
was chemotherapy sensitive and another resistant [29].There
is a report demonstrating that recurrent high-grade serous
carcinoma (HGSC, a form of ovarian cancer) also originates
from multiple clones in the primary tumor during standard
treatment [30].

Cancer stem cell (CSC) hypothesis, on the other hand,
was initially proposed to explain the observation of tumor
heterogeneity [31]. Also, CSCs may cause the generation
of tumors in the same way as that of normal stem cells.
Moreover, CSCs are capable of self-renewal and differenti-
ation into multiple cell types in tumors, persist in tumors,
and cause relapse and metastasis. Early studies indicated
that CSCs might play a role in breast cancer development
[32, 33]. It was demonstrated that CD34+CD38− cells were
CSCs of leukemia, which could initiate tumors inNOD/SCID
mice [34]. At present, CSCs have been identified in many
types of cancers such as brain cancer [35], breast cancer
[36], colon cancer [37], liver cancer [38], lung cancer [39],
ovary cancer [40], prostate cancer [41], pancreas cancer [38],
gastric carcinogenesis [42], leukemia [43], melanoma [44],
and oral carcinoma [45]. Cancer stem cell hypothesis has
great implications in the identification of cancers, selection
of cancer drug targets, prevention of cancer metastasis, and
development of new treatment modalities.

3. Interactions between Cancer and
the Immune System

The immune system, including innate immune system and
adaptive immune system, is composed of special factors, cells,
tissues, and organs. It has been well known that the immune
system can detect a wide variety of infectious organisms and
other invaders, distinguish them from the own healthy cells
and tissues, and prevent infections [46].

It has been documented that there is interaction between
the immune system and cancer as evidenced by can-
cer immunosurveillance theory [47–50]. Cancer immuno-
surveillance refers to the monitoring function of the immune
system in cancer development. There are studies that have
demonstrated that the immune system can recognize and
eliminate aberrant cancer cells arising within the human

body [51–56]. Thus, the interaction between cancer and the
immune system plays a pivotal role in cancer development.
In cancer patients, the immune system is not sufficiently
vigorous to eliminate cancer cells, suggesting that the antitu-
mor immune system is suppressed. For instance, transplant
recipients under continued immunosuppression displayed a
significantly higher risk of developing de novo tumors such
as lung cancer [57] and noticeably increased risk for cervical
cancer in immunosuppressed women [58].

It has been shown that several factors may contribute to
antitumor immunosuppression, for instance, a low frequency
of high-avidity antitumor T cells, presence of CD4+CD25+
regulatory T (Treg) cells, and various strategies of cellular-
mediated tumor-induced immune evasion [59]. Antitumor
immunosuppression may also result from soluble factors
and altered antigenicity [60]. For instance, tumor-derived
interleukin (IL)-18 induced immunosuppression in NK cell-
controlled cancers [61, 62]. IL-1𝛼 upregulated TGF-beta in
mesenchymal stem cells and thus induced immunosuppres-
sion, leading to the growth of prostate cancer cells [63].
Therefore, immunological methods that eliminate antitumor
immunosuppression and/or increase antitumor immunity
can be very useful in the treatment of cancer.

4. Cytokine and Anticytokine Therapy

Cytokines are group of proteins, including interleukins and
growth factors, which play an important role in the regulation
of the immune system [64]. Several studies have indicated
that cytokine therapy could relieve immunosuppression in
cancer patients [65] and therefore, cytokine therapy has the
potential used in cancer treatment.

Interferon (IFN)-𝛼 was the first cytokine, which was
approved and used for leukemia [66, 67] and melanoma
patients [68, 69]. IFN-𝛼 therapy turned out to be an effective
method for the treatment of leukemia and melanoma. At
present, IFN-𝛼 therapy remains the first choice for the
treatment of metastatic melanoma [70]. There are efforts to
improve the efficacy of IFN-𝛼 therapy for cancer treatment.
To this end, efforts are to develop a combination therapy, a
combination of IFN-𝛼 therapy with other treatment modal-
ities such as chemotherapy that can be more effective in the
treatment of cancer [71].

In 1998, the US Food and Drug Administration (FDA)
approved interleukin-2 (IL-2) therapy for cancer treatment.
Thus, IL-2 was the second cytokine used in cancer treatment.
Clinical trials demonstrated that IL-2 therapy was effective in
the treatment of patients with solid tumors such as metastatic
melanoma and renal cell carcinoma [72]. The combination
therapies of IL-2 with other cytokines such as granulocyte-
macrophage colony-stimulating factor (GM-CSF) [73] or
the sequence-specific combination of IL-2 therapy with
chemotherapy such as temozolomide [74] appeared to be
more beneficial in cancer treatment.

Tumor necrosis factor (TNF)-𝛼 has also been shown to
have antitumor activity [75], suggesting a therapeutic value
for the treatment of cancer [76]. TNF-𝛼 was used to treat
patients with advanced solid tumors. However, the use and
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efficacy of TNF-𝛼 therapy for cancer treatment are controver-
sial [77]. Recent studies showed that there was an association
between the anti-TNF treatments such as adalimumab for
noncancer patients and incidence of malignancies such as
melanoma [78]. Moreover, TNF-𝛼 administration induces
serious side effects such as septic shock-like condition [79],
and thus TNF-𝛼 therapy is stringently restricted [80].

GM-CSF is a cytokine produced by immune cells (includ-
ing T cells, NK cells, macrophages, and mast cells), endothe-
lial cells, and fibroblasts. GM-CSF stimulates white blood
cells to grow and stem cells to differentiate to granulocytes
and monocytes. Clinical trials have indicated that GM-CSF-
stimulating factor-secreting cancer immunotherapy in com-
bination with primed lymphocytes and autologous stem cell
transplantation in hematologic malignancies was potentially
effective against acute myeloid leukemia [81]. In addition,
a combination therapy of GM-CSF and IL-2 showed more
benefits for melanoma patients [82]. These results indicated
that GM-CSF can be used as cytokine therapy for cancer
patients.

Cytokines play an important role in the regulation of
immune responses. Cytokine therapy, however, rarely results
in complete cure for cancer patients due to its indirect anti-
tumor activity. Cytokine administration, on the other hand,
has induced toxicities in patients, which limits its potential to
be used as cancer therapy. Cytokine therapy may be effective
for cancer treatment if the high concentration of cytokines
is achieved at tumor sites. In recent years, targeted delivery of
cytokines has become possible and indeed antibody-cytokine
fusion proteins (immunocytokines) seem to be effective in
cancer treatment. Studies in mouse tumor models have
shown that the antibody-mediated targeted delivery of IL-
12 was very effective in cancer treatment [83, 84], indicating
that immunocytokine therapy may be promising in cancer
treatment.

Some cytokines have been shown to cause immunosup-
pression in cancer patients and therefore have the potential to
be used as anticytokine therapy for cancer treatment. There
are reports that IL-6 is an important tumor promoter in
early colitis-associated cancer [85]. IL-6, produced by tumor-
infiltratingmyeloid cells, increases cancer development in the
intestinal epithelium and protects cancer cells from apoptotic
eradication. Thus, anti-IL-6 therapy may be used in the
treatment of colorectal cancer [85].

5. Antibody Therapy

Antibody therapy for cancer usually refers to the use ofmono-
clonal antibody (mAb) to bind specifically to cancer cells and
directly lead to the death of cancer cells. One of mechanisms
is that mAbs kill cancer cells by blocking cancer-specific cell
receptors [86]. Also, radioactive materials [87] or anticancer
drugs [88] may be conjugated with mAbs to destroy cancer
cells after binding of the mAbs to them. Thus, antibody
therapy may be very effective for cancer treatment [89].

There are many therapeutic antibodies approved by
the FDA for clinical applications in cancer treatment. For
instance, three mAbs including epidermal growth factor

receptor mAb (cetuximab, Erbitux), vascular endothelial
growth factor (VEGF)mAb (bevacizumab, Avastin), and epi-
dermal growth factor receptormAb (panitumumab,Vectibix)
have been approved in the clinical treatment of patients with
colorectal cancer [90–92]. Clinical trials also showed that
therapy of antiprogrammed death-1 (PD-1) antibody (BMS-
936558) was safe and effective for treatment of patients with
colorectal cancer [93]. Therefore, these antibodies may effec-
tively be used in the treatment for patients with colorectal
cancer.

Cetuximab was the first targeted therapy to be used
in the treatment of patients with squamous cell carcinoma
of the head and neck (SCCHN). Cetuximab therapy has
been shown to be clinically beneficial for patients with
recurrent/metastatic SCCHN [94].

Bevacizumab was approved in the treatment of lung
cancer in the October of 2006 [95]. In antibody-mediated
cancer therapy, the mAbs may bind to specific immune cells
to regulate antitumor immune responses, indirectly leading
to the death of cancer cells. Recent review indicated that
anticytotoxic T-lymphocyte antigen 4 (CTLA-4) antibody
(ipilimumab) and anti-PD-1 antibody (nivolumab), which
block immune-checkpoint pathways, were safe and effective
for squamous and nonsquamous non-small-cell lung cancer
(NSCLC) [96, 97]. Anti-PD-L1 antibody (BMS-936559) was
also found to be safe and effective for the treatment of patients
with NSCLC [98].

VEGF is usually overexpressed in patients with renal
cell cancer (RCC). Bevacizumab, a mAb against VEGF, was
shown to be promising for the treatment of RCC [99]. Clinical
trials also discovered that anti-PD-1 antibody (BMS-936558)
and anti-PD-L1 antibody (BMS-936559)were found to be safe
and effective for the treatment of RCC cancer [97, 98].

CTLA-4 binds to the proteins of the B7-family, resulting
in the suppression of T cell functions. Treatment with the
CTLA-4 antibodies (ipilimumab and tremelimumab) has
been extensively used in metastatic melanoma and showed
good benefits with prolonged survival [100]. Clinical trials
discovered that anti-PD-1 antibody (BMS-936558) and anti-
PD-L1 antibody (BMS-936559) were safe and effective for the
treatment of patients with melanoma [97, 98]. Thus, anti-
CTLA-4, anti-PD-1, and anti-PD-L1 antibodies may effec-
tively be used in the treatment of patients with melanoma.

It is estimated that approximately 20–30% of patients
with breast cancer have overexpressed human epidermal
growth factor receptor (HER-2) in breast cancer cells. Over-
expression of HER-2 has been shown to be associated
with an aggressive tumor phenotype and poor prognosis
[101]. Trastuzumab (Herceptin) is a recombinant, humanized,
monoclonal antibody that binds to the extracellular domain
of the HER-2 protein. Trastuzumab has been approved by the
FDA and clinical trials have shown its efficacy for metastatic
and early-stage HER-2-positive breast cancer [101, 102].

ThehumanB cell antigenCD20 is expressed at a high level
in B-cell non-Hodgkin’s lymphoma and thus has been used as
a target for antibody therapy for this disease. Clinical trials
have shown that the anti-CD20 mAb (rituximab, Rituxan)
therapy was effective for patients with B-cell non-Hodgkin’s
lymphoma and was recently approved by the FDA [103].
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Studies have shown that therapywith conjugated antibod-
ies is probably more potent in cancer treatment. Radioactive
antibodies have been used in imaging and treatment for
a long time. Recent developments have shown that a new
generation of radioactive antibodies may be effectively used
as therapeutic agents for various cancers [104].

Cancer therapy using antibodies conjugated with drug,
that is, antibody-drug conjugates (ADC), has been shown to
be more effective than unconjugated antibodies alone [105].
The efficacy of ADC therapy depends on the specific binding
of mAbs to cancer cells and the cytotoxicity of the conjugated
drugs. Therefore, use of antibody-drug conjugates for cancer
treatment looks promising.

An antibody may be also fused with cytokines such as
IL-2, IL-12, and GM-CSF to make antibody-cytokine fusion
proteins. The specific targeting of antibodies fused with
cytokines may cause high cytokine concentration in the
tumor microenvironment. Therefore, these fusion proteins
have the enhanced tumoricidal activity [106] andmay activate
a secondary antitumor immune response [107].

Bispecific antibodies (bsAbs) [108] or Tandem antibodies
(TandAbs) [109] are artificially designed antibodies con-
taining two binding sites, which can bind simultaneously
to two different antigens, one on immune system effector
cells such as cytotoxic T cells and the other on tumor
cells. Bispecific antibodies thus can cross-link tumor cells
and immune cells, leading to the activation of cytotoxic
activities of immune effector cells and killing of cancer cells.
Due to their strong antitumor activity, bispecific antibodies
will become a promising new method for cancer treatment.
Recently, attempt was also made to combine bsAbs and
multivalent immunocytokines with a tumor cell vaccine,
that is, trispecific immunocytokines. Preliminary data have
shown that therapy with trispecific immunocytokines is
very promising for a new generation of efficient and safe
cancer therapeutics that should confer long-lasting antitumor
immunity [108].

6. Vaccination

Vaccines, known as therapeutic cancer vaccines, are being
developed to treat patients with existing cancer and are one
of the most active fields in cancer research [110]. Treatment
with cancer vaccines, an active immunotherapy for cancer,
is a desired method for cancer patients, especially patients
with cervical cancer as cervical cancer is caused by viruses,
for example, human papillomavirus (HPV). Thus, similar
to traditional vaccines against viruses, vaccines are being
developed to treat such types of cancer, for example, Cervarix
[111] and Gardasil [112].

Sipuleucel-T, which elicited an immune response to
prostatic acid phosphatase expressed on prostate cancer cells,
was the first FDA-approved therapeutic cancer vaccine for
patients with metastatic prostate cancer [113]. Clinical trials
showed that the therapeutic telomerase- (TERT-) specific
vaccine Vx-001 could induce TERT-reactive T cells and have
a significant overall survival benefit in patients with chemore-
sistant advanced solid tumors [114]. A therapeutic vaccine,

composed of epidermal growth factor (EGF) chemically
conjugated to a carrier protein from Neisseria meningitides,
induced anti-EGF antibody titters, decreased EGF concen-
tration in plasma, and had survival advantages in vaccinated
patients with advanced lung cancer [110]. However, there are
currently no therapeutic vaccines available to treat cancers
effectively.

It has been reported that the synthetic vaccine of HPV
E7 protein-derived peptide antigen and star polymer could
be used to treat HPV-related cancers in mice [115]. As
an effective therapeutic cancer vaccine candidate, the live
attenuated vaccine strain (oncolytic measles virus, MV)
engineered with GM-CSF gene has been shown to induce
a complete tumor regression and rejected following tumor
reengraftment in murine colon adenocarcinomamodel [116].
Similarly, GM-CSF surface modified MB49 bladder cancer
cells were used as a therapeutic vaccine to inhibit tumor
growth significantly and induce resistance to the second
injection of MB49 bladder cancer cells but not the other
cancer cells [117]. Furthermore, both GM-CSF and TNF-
𝛼-modified RM-1 prostatic cancer cell vaccine, which was
superior to single GM-CSF- or TNF-𝛼-modified vaccine,
significantly prolonged the survival in themousemodel [118].
Thus, the effectiveness of these conjugated cancer vaccines
in mouse tumor models provided evidence for future clinical
trials.

It has been well known that cancers result from multiple
gene mutations, which are diverse among individual cancer
patients. Thus, antitumor immune responses induced by
tumor-associated antigens are different from one cancer
patient to another [119], suggesting that single cancer vaccine
may not be effective for all of the cancer patients. Personalized
cancer vaccinationsmay provide a future direction for cancer
treatment as therapeutic cancer vaccines. Besides, combina-
tion therapy with cancer vaccines and other conventional
treatments such as radiation therapy may result in significant
tumor regression and serve as a potential treatment regimen
for cancer patients [120].

7. Adoptive Cell Therapy (ACT)

Conventional cancer treatments including surgery, radia-
tion, and chemotherapy appear to be unsatisfactory. Recent
studies have shown that immunotherapy may be a more
promising method for cancer treatment [121]. Clinical trials
have also demonstrated that adoptive cell therapy, a passive
immunotherapy for cancer, was very effective against cancer
[122, 123].

7.1. Lymphokine-Activated Killer (LAK) Cell Therapy. The
development of adoptive cell therapy started with the gener-
ation of lymphokine-activated killer (LAK) cells for cancer
treatment [124]. LAK cells are generated from peripheral
blood mononuclear cells (PBMC) after in vitro culture in
the presence of IL-2. PBMC from both healthy donors and
cancer patients can be used to generate LAK cells. Also, IL-2
can be used to generate LAK cells in cancer patients in vivo
[125]. LAK cells have potential to kill autologous tumor cells
and allogeneic cancer cells in vitro. It has been reported that
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LAK cells stimulated by IL-2 can effectively kill a wide variety
of tumors such as colon cancer, pancreatic cancer, adrenal
gland cancer, esophageal cancer, renal cancer, and sarcomas
in a nonspecific manner, whereas normal peripheral blood
lymphocytes could not [124, 126]. Furthermore, LAK cells can
be expanded in vitro without loss of antitumor activity. Thus,
LAK cells can be used in the adoptive immunotherapy for
cancers. Human LAK cells have been shown to suppress the
growth of human lung giant cell cancer in nude mice [127].
Human LAK cells can also induce the complete regression
of established human head and neck tumors in nude mice
[128]. Targeted human LAK cells had increased uptake into
the tumor and suppression of human colon cancer growth in
severe combined immunodeficient (SCID) mice [129]. Fluo-
rescent staining indicated that human LAK cells can persist
for 7 days in the implanted lung cancer tissue and peripheral
blood in SCID mice, leading to significant suppression of
human-lung squamous-cell carcinoma cell growth in mice
[130]. The results suggested that LAK cells can be used in the
immunotherapy for cancer patients.

A common protocol of adoptive LAK cell immunother-
apy for cancer patients includes 5 days of IL-2 injections.
Next, the cells are collected and activated in vitro in the
presence of IL-2 for several days and then the cells are
transfused into autologous patients in combination with IL-2
during the next 5 days. However, the clinical efficacy of LAK
cell immunotherapy appeared to be relatively low [125] and
therefore, LAK cell therapy is not currently used in cancer
patients [121].

7.2. Cytokine-Induced Killer (CIK) Cell Therapy. Due to the
apparent ineffectiveness of LAK cell therapy for cancer [125],
CIK cell therapy has been developed [131]. Generally, CIK
cells are generated from human PBMC after in vitro stimula-
tion by multiple factors including IL-2, IL-1, IFN-𝛾, and anti-
CD3 monoclonal antibody [131, 132]. As compared with LAK
cells, CIK cells showed increased antitumor activities both in
vitro and in vivo in mouse model [132], suggesting that CIK
cell therapy might be more effective for cancer patients.

A case study observed that modified CIK cells could
induce partial response in a patient with severe pleural
metastasis of collecting duct carcinoma (CDC) of the kidney
[133]. A patient with advanced pancreatic adenocarcinoma
experienced a longer progression-free survival of>19months,
following cytokine-induced killer (CIK) cell therapy, making
it the first report showing the beneficial effect of CIK cell
immunotherapy in patients [134]. Analysis by searching
phase II/III clinical trial databases of CIK cell therapy
revealed that CIK cell therapy significantly increased half-
year progression-free survival, one-year progression-free sur-
vival, and median time to progression. However, CIK cell
therapy did not improve the objective response rate in cancer
patients [135]. Similar analysis of CIK therapy of cancer
patients observed that out of 426 cancer patients receiving
CIK cell therapy, only three patients showed a decrease in
tumor volume [136]. Clinical studies concluded that the
therapeutic efficacy of CIK cell therapy was not satisfactory
[137].

7.3. Dendritic Cell- (DC-) CIK Cell Therapy. Lack of tumor
antigen specificities may contribute to the clinical ineffec-
tiveness of CIK cell therapy for cancer. Thus, DC-CIK cells
were pursued. After culturing of CIK cells in the presence of
antigen-specific pulsed DC, DC-CIK cells showed enhanced
lytic activity in vitro against cancer cells such as multiple
myeloma cells [138], chronic myelogenous leukemia [139],
and osteosarcoma cells [140]. When compared with CIK
cells, DC-CIK cells had significantly increased antitumor
activities both in vitro and in vivo [141]. DC-CIK cells had
also significant inhibitory effects on the growth of A549 lung
cancer cells in BALB/c nude mice [142]. These data suggest
that DC-CIK cells can be used in the treatment of cancer
patients.

Clinical trials of DC-CIK treatment showed increased
tumor progression-free survival of patients with advanced
non-small-cell lung cancer [143]. Combination of DC-CIK
cell therapy with other treatments also increased the over-
all survival of patients with metastatic non-small-cell lung
cancer [144]. Thus, combination of DC-CIK cell therapy
with high-dose chemotherapy can increase progression-free
and overall survival in patients with metastatic breast cancer
[145]. In addition, DC-CIK cells in combination with Chi-
nese herbal medicine Lingdankang composite induced the
clearance of minimal residual leukemia in leukemia patients
[146]. The results suggested that DC-CIK cell therapy might
be effective for cancer patients; however, further studies are
required to confirm the effectiveness of DC-CIK cell therapy.

7.4. Tumor-Infiltrating Lymphocyte (TIL) Therapy. Studies
have shown that tumor-infiltrating lymphocytes are present
in tumor tissues and play an important role in tumor
development, regression, and treatment in cancer patients
[147–149]. Adoptive cell therapy with TIL in combination
with cyclophosphamide and IL-2 cured advanced hepatic
metastases and pulmonarymetastases inmice [150].The data
suggested that TILs can be used in effective cancer treatment.

It has been documented that tumor-reactive TILs can eas-
ily be generated from patients with metastatic melanoma for
adoptive cell therapy [151, 152]. Tumor reactive TILs were also
obtained from patients with renal cell carcinoma [153], breast
cancer [154], and oral squamous cell carcinoma (OSCC)
[155]. Similarly, TILs can also be generated from patients with
ovarian carcinoma and can be expanded up to 8,000-fold for
clinical application by adoptive immunotherapy [156].

Clinical trials have demonstrated that adoptive cell ther-
apy with antitumor TILs in lymphodepleted hosts induced
tumor regression in 50% to 70% of treated patients with
metastatic melanoma refractory to standard therapies [123],
suggesting that adoptive cell therapy with antitumor TIL was
an effective method for cancer treatment. Further studies
demonstrated that the persistence of multiple tumor-reactive
cell clones might be responsible for tumor regression in
responding patients receiving TIL therapy [157, 158]. In
addition, the telomere length of transferred lymphocytes was
correlated with clinical responses in metastatic melanoma
patients after adoptive cell therapy with antitumor TILs [159].
These results indicated that young TILs with long telomeres
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may be more potent in the induction of tumor regression for
adoptive cell therapy [160].

TILs were also generated from 113 out of 131 patients
with non-small-cell lung carcinoma. Clinical trials have
demonstrated that adoptive immunotherapy with TILs and
IL-2 was safe to use for the treatment of patients with non-
small-cell lung carcinoma and improved at least three-year
survival for patients [161]. Thus, adoptive cell therapy with
antitumor TILs may also be used in the effective treatment
of patients with the other cancers.

7.5. Genetically Engineered T Cell Therapy. It is impossible to
obtain tumor-reactive TILs from all of the cancer patients
for adoptive cell therapy. There are reports indicating that
antitumor activity was detected in TIL samples of 81% of
patients with metastatic melanoma [151], which was one of
the best situations for generating tumor-reactive TILs. From
patients with gastrointestinal (GI) cancers, however, less than
3% of expanded bulk TILs were tumor-reactive [162]. Thus,
there is need to employ genetic methods to modify T cells
to increase antitumor activities for adoptive cell therapy of
cancer patients.

Normally, viral vectors carrying genes coding T cell
receptors (TCRs) specific to tumor antigens or chimeric
antigen receptors (CARs) are genetically introduced into
PBMC or tumor-infiltrating lymphocytes. At present, there
are two types of genetically engineered T cells available
for adoptive cell therapy for cancers, TCR gene- and CAR
gene-modified T cells. Genetically engineered T lympho-
cytes have high avidity and tumor reactivity. For example,
genetically engineered T lymphocytes are highly reactive to
gp100 melanoma tumor antigen [163]. Antiepidermal growth
factor receptor variant III (EGFRvIII) CAR-engineered T
cells were generated to have antitumor reactivity against
antigen-expressing glioma target cells [164].

A clinical trial of genetically engineered T lymphocytes
reactive to MART-1 and gp100 for adoptive cell transfer
showed effectiveness against tumor progression in metastatic
melanoma patients [165]. Adoptive cell therapy with T
cell receptor- (TCR-) transduced T cells against NY-ESO-1
induced tumor regression in patients with synovial cell
sarcoma and metastatic melanoma [166].

T cells engineered with a CAR which binds to CD19
on chronic lymphocytic leukemia (CLL) cells through an
antibody-derived domain triggered T cell activation through
CD3𝜁 upon tumor cell engagement [167]. Infusion of CD19-
specific CAR-transduced mouse T cells alone induced long-
term B cell eradication in mouse model of B cell acute
lymphoblastic leukemia (B-ALL) and primary human pre-
B-cell acute lymphoblastic leukemia [168, 169]. Therefore,
adoptive cell therapy using genetically engineered T cells with
antitumor activity seems to be effective in cancer treatment.

8. Prospects in Cancer Immunotherapy

Recent developments and clinical trials have shown that
immunotherapy may be promising and effective for patients
with cancers [102, 103, 123, 166, 169]. Due to the multistep
nature of cancer development [24, 25], numerous genetic

clones of cancer cells [28], and tumor antigen heterogeneities
[119], effective therapies for cancer patients may require
highly personalized treatments. Thus, cancer vaccines may
be used in the prevention and treatment of patients with
virus-induced cancers such as HPV-induced cervical cancer
[111, 112].

Merkel cell polyomavirus (MCV) has been shown to
be directly linked to human cancer, Merkel cell carcinoma
(MCC) [170]. MCV viral oncoproteins, expressed in the
majority of MCC tumors, played an important role in tumor
development [171]. Besides, an intense T cell infiltration was
found to be associated with the presence of MCV DNA in
MCC and tumor-infiltrating T cell counts were connected
with good survival [172]. Therefore, MCV viral oncoproteins
may be a good candidate for cancer vaccine development for
MCC treatment.

Infection with Hepatitis B virus (HBV) and Hepatitis C
(HCV) virus appeared to be one of the factors contributing
to hepatocellular carcinoma (HCC) development [173]. It
has been reported that chronic HBV infection is responsible
for HCC development in >50% of cases and viral proteins
may play a critical role in liver cancer [174]. Thus, HBV
viral proteins may be used for the development of preventive
vaccines for liver cancers.

An association between JC virus (JCV) and colorectal
cancers (CRC) is known [175, 176]. JCV encodes a gene
expressing T-antigen, which is detected in the majority of
CRC patients with positive family history [177]. These results
indicate that T-antigen may be used in the development of
cancer vaccines for CRC.

The Epstein Barr virus (EBV) has been shown to cause
different types of lymphoma and nasopharyngeal cancer
[178]. EBV encoding viral proteins such as LMP1may serve as
important targets for cancer vaccines [179–181]. Studies have
shown that EBV vaccines appear to bemost promising for the
prevention and treatment of EBV-related cancers [182].

Other viruses such as human T cell lymphoma virus-1
(HTLV-1) also play a role in cancer development. HTLV-1
is responsible for the development of adult T cell leukemia
(ATL) [183]. HTLV-1 viral proteins may be used in the
development of cancer vaccines for ATL [184, 185]. Mouse
model studies have reported that a live attenuated measles
vaccine virus Hu-191 strain (MV) could effectively suppress
the growth of mouse lung carcinoma, suggesting that this
approach may be promising in the treatment of human
advanced lung cancer [186].

Clinical trials have demonstrated that adoptive cell
therapy with antitumor TILs could effectively induce
tumor regression in approximately 50–75% of patients
with metastatic melanoma [122, 123]. Thus, adoptive cell
transfer therapy with antitumor TILs may be extended to
treat patients with other forms of cancers such as breast,
renal, and lung cancers. Recent studies have shown that TILs
generated from liver and lung metastases from patients with
GI cancers had similar proportions of CD8+ T cells, T cell
differentiation stage, expression of costimulatory molecules,
and expansion scale for clinical application to those derived
from patients with metastatic melanoma [162]. Different
from TILs from metastatic melanoma, however, TILs from
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GI cancers usually did not maintain the antitumor activity
after large-scale expansion and less than 3% of expanded
bulk TILs from GI cancers were tumor-reactive. Thus, the
obstacle for adoptive transfer therapy with TILs for patients
with GI cancers was the loss of the antitumor reactivity of
TILs after expansion. Use of selected and enriched tumor-
reactive T cells instead of bulk TILs for expansion may
keep the antitumor reactivity of expanded TILs [162]. It is
expected that adoptive cell therapy with antitumor TILs can
be successfully used in the treatment of patients with various
forms of cancers.

Genetically engineered T cells with T cell receptor genes
and chimeric antigen receptors have been shown to be effec-
tive in the treatment of cancer patients [165, 166, 169]. Thus
far, limited genetically engineered T cells, which are reactive
to only several tumor antigens (such as gp100, MART-1 and
NY-ESO-1) and one CAR binding to CD19, are available for
cancer treatment [165, 166, 169]. Sincemore than 2,000 tumor
antigens have been identified from various cancers [187], it is
anticipated that more genetically engineered T cells will be
used in the effective treatment of cancer patients in the near
future.

Combination therapies usually are the most promising
and effective in the treatment of human diseases [188]. For
example, combination therapy of DC vaccine and IL-2 can
induce antigen-specific immune response, reduce inhibitory
immunity, and stabilize diseases in patients with renal cell
carcinoma and breast cancer [189]. DC-CIK immunother-
apy in combination with high-dose chemotherapy can
improve progression-free and overall survival in patients
with metastatic breast cancer [145]. DC-CIK immunother-
apy in combination with cryotherapy or chemotherapy was
proved to the best treatment for patients with metastatic
NSCLC [144]. Adoptive cell therapy with antitumor TILs
in combination with nonmyeloablative chemotherapy and
total body irradiation can induce tumor regression in 72%
of patients with metastatic melanoma, whereas TIL adop-
tive immunotherapy in combination with nonmyeloablative
chemotherapy can induce tumor regression in only 52% of
treated patients [123]. Therefore, combination therapies will
be superior choices for cancer immunotherapy in the future.
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