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Abstract T cell activation is initiated by signaling through the TCR after binding
to MHC-presented antigen. Both positive and negative co-regulatory signaling can
modify this original activating signal. T cell co-regulation is provided by receptors
on the T cell surface membrane. Inhibitory signals are provided by CTLA4 or PD-1,
while co-stimulation is provided by CD28, 4-1BB, OX40, or GITR. These signals
are being studied in the laboratory and at the clinical level in order to therapeutically
modulate T cell responses to tumor cells. T cells can recognize tumor antigens in the
same way that these immune cells recognize bacteria, viral antigens, and other for-
eign peptides. If appropriately activated by the tumor antigen, the immune system
can mediate an antitumor gene response. Unfortunately, immune cells with antitu-
mor specificity are not present in abundance and are often inhibited by tumor
expression of CTLA4 or PD-1 ligands. Thus manipulation of co-regulatory signals
can be used as a strategy by which to strengthen the immune response, via augmen-
tation of T cell co-stimulation and/or blockade of inhibitory signals, in order to
effectively treat cancer. In this chapter we review the basic principles and science as
well as the ongoing clinical efforts in this area that have had recent success and offer
additional promise.

1 Normal Biology of T Cell Activation and Checkpoint
Signaling

T cells have long been a focus of translational oncology research, for in addition
to their ability to dispose of foreign viruses, bacteria, and infected tissues, they
may possess the ability to recognize cancer cells. Cell-mediated immunity may be
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mediated by cytotoxic, CD8+ effector T lymphocytes, which recognize and kill
cells expressing targeted antigens, and by CD4+ helper T cells that can facilitate
CD8 T cell activation and induce B cells to mature into antibody-producing
plasma cells [1].

The mounting of an immune response by the adaptive immune system involves
coordination between several different cell types. This process begins in a lymph
node where an antigen-presenting cell (APC), having phagocytized foreign antigen
and processed it into smaller peptides intracellularly, presents it on its surface via
the major histocompatibility complex (MHC) to a T cell for antigen sampling.
CD4 T cells include TH1 cells which amongst their activities secrete cytokines
such as interferon y that activate macrophages and TH2 cells which generally
secrete cytokines such as IL-4 to activate the B cells to produce antigen-specific
antibodies. Alternatively, a virally infected somatic cell may directly present pep-
tide antigen through MHC-I present on the cell surface. The T cell receptor (TCR),
together with CD4 or CDS co-receptors, recognizes cognate antigen presented on
the MHC by the APC. A cognate antigen is an antigen recognized by both the
T cell via the TCR complex and the APC or the somatic cell via the MHC complex.
This provides the first step towards T cell activation, initiating a signaling cascade
within the T cell known as signal 1, causing a naive T cell, which has never been
exposed to antigen, to become primed. However, to become an armed effector
T cell and to allow its subsequent expansion, the T cell also requires a second sig-
nal. The requisite co-regulatory ligands are provided as surface molecules by the
same APC presenting the MHC-bound antigen to the TCR. When cognate recep-
tors are bound by these co-stimulatory ligands, positive signals are imparted to the
activated T cell as signal 2.

In addition to these activating, co-stimulatory signals, other co-regulatory signals
may dampen the T cell response [1]. Such inhibitory signals provided to the T cell
are known as immune checkpoints, as they limit the extent to which an immune
response is strengthened and prevent hyperactivity and autoimmunity. Examples of
co-inhibitory receptors present on T lymphocytes include CTLA4 and PD-1, and
examples of co-stimulatory receptors include CD28, 4-1BB, OX40, and GITR
(Fig. 1).

Several of these immune checkpoints are being studied in the laboratory and in
the clinical setting as potential targets of immunotherapy, with promising results.
Cancer cells express tumor-specific antigens due to mutations that occur in their
genome and due to epigenetic changes that alter normal expression of genes, which
can theoretically be recognized and targeted by the immune system. Recent studies
have shown that targeting T cell co-regulatory signals can slow, halt, or even
reverse cancer growth. The hypothesis underlying these efforts is that blocking
immune checkpoint inhibitory signals or strengthening T cell co-stimulatory sig-
nals with biologic therapeutics will strengthen the immune system’s response
against tumor antigens. In point of fact, the cancer cells themselves often express
T cell inhibitory ligands on their surface that weaken the immune response [2].
Hence, efforts have been directed at blocking inhibitory signals in order to
strengthen effector responses.
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Fig. 1 APC and T cell with their ligands and bound co-regulatory receptors. The ligands on the
APC bind to the T cell co-regulatory receptors and can alter the signaling of these receptors.
CTLA4 and PD-1 are inhibitory receptors, and positive signals are sent from 4-1BB, 0X40, GITR,
and CD28

2 CTLA4 and CD28

CTLAA4 is one of the better studied and well-defined inhibitory immune checkpoint
receptors. It is a member of the immunoglobulin superfamily, and its gene is located
on chromosome 2q33. CTLA4 is expressed on the surface membrane of activated
T cells and counters the stimulatory effect of the CD28 receptor, which is another
member of the immunoglobulin superfamily and is present on naive CD4 and most
naive CD8 T cells [3]. The CD28 gene is also found on chromosome 2q33, and its
protein on the T cell surface membrane binds to its ligands B7.1 (CD80) or B7.2
(CD86) expressed on APCs. The resulting co-stimulatory signals induce T cells to
proliferate and differentiate into effector and memory T cells. However, once acti-
vated the T cells up-regulate the expression of CTLA4, providing negative feedback
to dampen the T cell activation signals [1]. CTLA4 is an alternate receptor for B7,
and its amino acid sequence is very similar to that of CD28. In fact, B7 binds CTLA4
with an affinity 20 times stronger than CD28. Once bound, CTLA4 signal transduc-
tion activates inhibitory phosphatases, including SHP2 and PP2A, which counter
the stimulatory kinase signaling of the B7:CD28 interaction. CTLA4 signaling has
an inhibitory effect on CD8 effectors, preventing their cytotoxic effects, and on CD4
helper T cells, preventing these cells from activating B cells. In contrast, CTLA4
activation has been found to have a stimulatory effect on T regulatory cells (Tregs)
where it is expressed constitutively, as its signaling causes increased immunosup-
pressive Treg activity. The mechanism of Treg stimulation by CTLA4 signaling is
not known. The normal role of CTLA4 is to keep the immune system from becom-
ing over-activated by preventing the uncontrolled activation of naive T cells, and
CTLAA4 knockout mice develop fatal T cell hyperactivity and autoimmunity [2].
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CTLA4 has been well studied in the laboratory in preclinical studies. Partial
blockade of the CTLA4 receptor with antibodies in mice has demonstrated signifi-
cant antitumor activity. Researchers predicted that antibody blockade of the CTLA4
receptor would cause increased immune activity and autoimmunity [2]. However,
although CTLA4 knockout is lethal in mice, anti-CTLA4 antibodies are better toler-
ated as they only partially inhibit CTLA4 activity and can be employed following
the development of a normal T cell repertoire. Notably, such partial blockade is
sufficient for an inhibitory effect on tumor growth [4]. Studies have been done
showing no effect on melanoma tumors in mice treated with CTLA4 antibody alone;
however, when treated with antibody in addition to a GM-CSF-expressing tumor
vaccine, inhibition was observed in 80 % of mice. GM-CSF vaccines consist of
cancer cells that secrete GM-CSF, which causes migration and accumulation of
APCs at the injection site, allowing increased antigen presentation and thus
increased activation of the T cell immune response [5]. In addition, there was rejec-
tion of the melanoma following rechallenge, suggesting the establishment of immu-
nological memory.

B7 and CD28 have also been the focus of research efforts. T cells in the tumor
microenvironment become anergic secondary to receiving signaling through only
the TCR:MHC complex as the co-stimulatory ligands B7.1 and B7.2 are not present
on the tumor cells and receipt of signal 1 in the absence of signal 2 induces T cell
anergy. In preclinical experiments B7 was shown to be important when its exoge-
nous expression in tumor cells induced a CD8 T cell response allowing for tumor
rejection. These experiments were performed in several different tumor models, and
rejection was seen primarily with relatively immunogenic tumors [6].

Anti-CD28 agonistic antibodies have been used to expand T cell populations.
These antibodies allow for T cell proliferation, survival, and cytokine secretion. In
preclinical experiments in which humanized anti-CD28 antibodies were injected
into monkeys, peripheral T cells were activated, with secretion of low levels of pro-
inflammatory cytokines. However, in a phase I clinical trial with a super-agonist
humanized antibody TGN 1412, CD28 resulted in severe cytokine storm which was
life threatening for many patients [7]. Subsequent efforts have largely involved use
of anti-CD28 antibodies for purposes of ex-vivo T cell expansion.

3 PD-1

PD-1 is another immune checkpoint inhibitory receptor on the T cell surface mem-
brane. The PD-1 receptor is a 50-55 kDa transmembrane glycoprotein receptor of
the immunoglobulin superfamily. The ligands for PD-1 are PDL1, also referred to
as B7-H1 or CD274, and PDL2, also referred to as B7-DC or CD273. These ligands
are up-regulated on APCs during the inflammatory response. PDL1 is up-regulated
in response to interferon y and is expressed on hematopoietic, endothelial, and epi-
thelial cells. PDL2 is expressed on macrophages and dendritic cells in response to
IL-4 and other cytokines. The PD-1 receptor is expressed on B cells, NK T cells,
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and Tregs. PD-1 limits autoimmunity and the T cell response during inflammation
and primarily inhibits activated effector T cells. PD-1 dampens the T cell response
in the peripheral tissues during inflammation, and it also limits the immune response
to prevent autoimmunity. Since its ligands are expressed on peripheral surrounding
tissues, these areas are protected from inflammation spreading to areas outside the
main focus of inflammation [8]. PD-1 also plays a role in induction of T cell anergy
and tolerance [9]. Its expression is increased following T cell activation. Binding of
PDLI1 or PDL2 to PD-1 results in activation of the inhibitory phosphatase SHP2
and decreased TCR signaling. B7.1 (CD80) on the T cell has also been shown to
bind PDL1, sending additional inhibitory signals into the T cell [2]. PD-1 knockout
mice also develop significant autoimmunity suggesting that, as with CTLA4, PD-1
prevents the immune system from becoming overactive [8]. Other studies in mice
infected with lymphocytic choriomeningitis virus have shown that CD8 T cells in a
chronic infectious setting become “exhausted” and less active and that antibody
blockade of PD-1 restores the CD8 T cell function and reverses such exhaustion
[10]. PD-1 has also been shown to deplete memory B cells, as shown in experi-
ments in which rhesus macaques infected with the SIV virus had rapid depletion of
memory B cells that specifically expressed PD-1. The researchers then blocked
PD-1 using antibodies in vitro, which prevented the depletion of the memory B
cells. Inhibiting PD-1 using antibodies in macaques resulted in increased humoral
immunity, presumed to be due to increased survival of memory B cells [11]. PDL1
has also been shown to promote Treg inhibitory functions, as PDL1-coated beads
promote Treg proliferation in vitro and Tregs are significantly reduced in number in
dual PDL1~7-/PDL2"~ double-knockout mice [12].

Malignant tumors often contain tumor-infiltrating CD8 and Treg lymphocytes
that express PD-1, and tumor cells at times express PDL1 or PDL2 leading to T cell
anergy. In malignant cells, PDL1 expression increases when the PTEN tumor-
suppressor gene is deactivated or when the cells are exposed to interferon y. Tumor
expression of inhibitory T cell checkpoint ligands is an example of the tumor co-
opting natural immune functions to protect against immune attack and induce toler-
ance. Inhibiting PD-1 signaling therefore has the potential to increase immunity
against cancer [2].

There have been several preclinical mouse studies showing that antibody block-
ade of the PD-1 receptor or its ligand inhibits tumor growth. Anti-PDL1 antibodies
were administered to mice with myeloma and inhibited cancer cell growth tran-
siently; however, in mice deficient for PD-1, tumor growth was inhibited completely
without the addition of anti-PDL1 antibodies [13]. Mice lacking PD-1, PDLI, or
PDL2 survive, unlike CTLA4 knockout mice, suggesting that there would be less
toxicity associated with its blockade in humans, and this appears to be true in human
trials [2]. When over-expressed in mouse tumors, PDL1 promotes tumor-reactive T
cell apoptosis and tumor cell proliferation. It has also been shown that human can-
cers such as lung, ovary, colon, and melanoma express increased PDL1 relative to
their normal cell counterparts [14]. Therefore, PD-1 inhibition appears to be a via-
ble strategy by which to augment antitumor response.
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4 4-1BB/CD137

Positive, co-stimulatory regulators have also been shown to have potential as
therapeutic targets. One such example is 4-1BB, also known as CD137, a 27 kDa
member of the TNF receptor superfamily. 4-1BB signaling stimulates survival and
proliferation signals and inhibits apoptosis. 4-1BB ligand activates 4-1BB. While
CD28 co-stimulation causes expansion of CD4 T cells, CD8 T cells are activated
preferentially by 4-1BB. In particular, beads linked to anti-CD28 stimulate CD4 but
not CD8 T cells to expand in vitro, while the converse is seen with beads linked to
anti-4-1BB antibodies. Prior to activation only a small proportion of resting naive
and memory CD8 T cells express 4-1BB. Furthermore it was found that 4-1BB
signaling stimulated the growth and survival of CD8 memory cells while CD28
signaling allowed for proliferation of naive CDS cells. This suggests that temporally
in CD8 T cell activation, CD28 signaling occurs first, which then leads to up-
regulation of 4-1BB, allowing 4-1BB signaling which can then strengthen the posi-
tive co-stimulation. Potentially, 4-1BB signaling can be utilized to specifically
increase antigen-specific memory CD8 T cells which can then be utilized in adop-
tive cell transfer to specifically allow proliferation of antigen-specific CD8 T cells
[15]. 4-1BB, although mainly expressed on the surface of CD8 T cells, can also be
found on CD4, NK, dendritic, and Treg cells. 4-1BB ligand also stimulates release
of IL-12 and IL-8 by dendritic cells and macrophages [16].

Preclinical experiments studying 4-1BB show that the immune response is
strengthened through increased 4-1BB signaling. 4-1BB can be activated in T cells
by antibodies or by soluble 4-1BB ligand [17]. Mittler et al. showed that anti-4-1BB
blocking antibodies decrease activation of T cells upon challenge with T cell-
dependent antigens and increase the number of anergic CD4 T cells [18]. Similarly,
Hong et al. showed that anti-4-1BB blocking antibodies suppress T cell reaction to
ovalbumin in monkeys [19].

The first studies to show that 4-1BB antibody has anticancer activity were done
using mouse models for sarcoma or mastocytoma. In mice treated with an agonistic
anti-4-1BB antibody, cytotoxic T cell activity increased and the tumors regressed
[20]; this effect required both CD4 and CD8 T cells [21]. Other experiments in mice
have combined anti-4-1BB with other treatments to show anticancer effect; for
example, treatment of melanoma cells with IL-12 gene transfer alone or with anti-
4-1BB alone was not as effective as when these strategies were combined [2].

S 0X40

0X40 (CD134) is another co-stimulatory regulator present on the surface of activated
T cells and like 4-1BB is also a member of the TNF receptor superfamily. OX40
is present mainly on CD4 T cells but is also found on CDS8 T cells, DCs, PMN:ss,
and Tregs. OX40 expression and up-regulation on the T cell surface membrane are
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dependent on naive T cell activation through CD28 [22]. OX40 is increased 48—72 h
after the T cell is activated through CD28, and 120 h later it is down-regulated [23].
Binding of OX40 to its ligand OX40L (CD252), which is present mainly on APCs,
stimulates proliferation, function, and survival of T cells [24]. It also stimulates the
secretion of IL-2 and IL-2R [23]. Studies show that initial versus delayed OX40 sig-
naling causes antibody class switching which allows different antibody subsets to be
secreted. Initial OX40 binding causes interferon y and IL-4 to be secreted as well as
IgG2a and IgG1, while delayed signaling causes a stronger TH2 cell response than
that seen in the initial response and facilitates IgG1 production.

Preclinical experiments demonstrated an increase in T cell proliferation with the
use of OX40 agonists [24]. One of the initial experiments involved inoculating mice
with the MCA 303 methylcholanthrene-induced sarcoma tumor cells and then inject-
ing these mice with an OX40L:Ig fusion protein or saline control; tumor regression
occurred in up to 60 % of OX40L:Ig-treated mice compared to controls in which no
mice survived. In addition, the mice were resistant to re-challenge, suggesting devel-
opment of antitumor memory. Similarly, in another experiment mice inoculated with
the weakly immunogenic B16/F10 melanoma tumor cell line were treated with
OX40L:Ig fusion protein, OX40 receptor agonist antibody, or PBS or IgG controls.
Results showed that in both experimental groups 25 % of mice with increased OX40
signaling due to the applied therapy survived, whereas no mice in the control groups
survived [25]. It was determined that the above result was dependent on both CD4
and CDS8 T cells as their depletion allowed the tumors to grow [26].

6 GITR

The glucocorticoid-induced tumor necrosis factor receptor (GITR) is another co-
stimulatory TNF superfamily member found on T cells. GITR binds to its ligand,
GITR-L, which is expressed in low levels on antigen-presenting macrophages,
B cells, and dendritic cells, where it is up-regulated when these cells are activated.
Studies have shown that GITR provides a positive growth signal to CD4 and CDS8
naive T cells allowing for enhanced survival and function. GITR works by signaling
through the NF-kB pathway causing up-regulation of IL-2R, IL-2, and interferon 7,
and GITR knockout mice have decreased number and reduced survival of CD8 T cells.
GITR is also expressed on NK T cells where signaling causes increased cytotoxicity,
with increased production of interferon y and other inflammatory cytokines [27].
GITR is expressed in high concentrations on Treg cells, and its activation decreases
Treg function. GITR expression on Tregs is controlled by Foxp3, a potent transcrip-
tional regulator. While GITR reduces Treg function, preventing their suppressive
roles, GITR signaling also induces Treg proliferation. Therefore, once transient
GITR signaling terminates, the Tregs will regain their suppressive function, and
since there is now an expanded population, these suppressive activities are stronger
than they were previously. Thus while the immediate function of GITR is to decrease
Treg function, GITR stimulation causes a long-term strengthening of Treg suppres-
sive abilities [28].
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Studies have shown that agonistic anti-GITR antibodies help overcome self-
tolerance and Treg suppression [29]. In other experiments using a mouse model of
melanoma it was shown that GITR monoclonal antibody could be used as immu-
notherapy; the antibody induced suppression of Tregs and tumor challenge was
rejected [30]. When dendritic cells engineered to express GITR-L-Fc fusion pro-
tein or GITR agonistic antibody were injected into a melanoma mouse model, they
decreased tumor survival by about 60 %, compared to 100 % survival in controls
[31]. Vaccines that targeted sarcoma antigens combined with GITRL also decreased
tumor growth [32]. In vivo studies have shown that anti-GITR antibody causes
tumor-infiltrating Tregs to lose suppressive properties because they lose expres-
sion of Foxp3—which may move T cells toward effector rather than regulatory
function [30].

6.1 Clinical Trials

Table 1 provides a summary of the clinical trials discussed in this review.

7 Targeting CTLA4

One of the first clinical trials, led by Dranoff and co-workers, was a phase I study in
which an antagonistic antibody against CTLA4 called MDX-CTLA4, a humanized
monoclonal antibody, was injected into nine patients with different types of
advanced cancer. MDX-CTLA4 caused tumor necrosis in three of the patients, each
of whom had metastatic melanoma and had been previously injected with a
GM-CSF-secreting tumor cell vaccine. In addition, anti-CTLA4 antibody treatment
reduced or arrested the increase in CA-125 in two patients who had metastatic ovar-
ian cancer that had also been previously treated with a GM-CSF-secreting tumor
cell vaccine. However, there was no effect seen in four metastatic melanoma patients
treated with a vaccine consisting of melanoma antigens. Several patients developed
autoimmune side effects, as predicted by preclinical studies, including grade I retic-
ular and erythematous rash, and T cells appeared to infiltrate into the area of the
rash. Patients also had low levels of autoimmune antibodies, including antinuclear,
antithyroglobulin, and rheumatoid factor; however, no additional symptoms were
manifested. Therefore anti-CTLA4 treatment had an effect on malignancy with
acceptable autoimmune side effects [33]. With this initial success, other trials were
designed and a phase I trial in advanced stage [V melanoma patients was completed
with 14 patients using the human monoclonal anti-CTLA4 antibody, MDX-010,
also named ipilimumab. In this study by Seipp et al., ipilimumab was administered
in conjunction with peptide vaccines derived from gpl00 melanoma-associated
antigen. The study achieved two complete remissions and one partial remission. Six
of the 14 patients in this trial suffered severe grade 3 and 4 autoimmune side effects
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including dermatitis, enterocolitis, hepatitis, and hypophysitis [34]. A phase II clinical
trial in metastatic renal cell carcinoma (RCC) was performed by Rosenberg et al. In
this study, one group of 21 patients was treated with a loading dose of ipilimumab
at 3 mg/kg and then subsequent dosing at 1 mg/kg every 3 weeks, and the second
group of 40 patients was treated with ipilimumab at 3 mg/kg every 3 weeks. In the
first group only one partial response was seen. In addition, three of the patients
suffered enterocolitis, and one of these three also developed a generalized rash and
multiarticular arthritis. The second group who received ipilimumab only at 3 mg/kg
had five partial responses. Seventeen patients suffered from immune-mediated
autoimmune side effects. Thirteen had enteritis, one had hypophysitis, one had
both enteritis and hypophysitis, one had primary adrenal insufficiency, and one had
aseptic meningitis with cerebral spinal fluid lymphocytosis [35]. Interestingly, most
of the patients who had antitumor responses also developed significant autoimmune
side effects such that a response rate of 30 % was seen in those patients with autoim-
mune events and 0 % response rate seen in patients without autoimmune events
(P=0.009) [36].

A phase III, randomized, double-blinded trial was carried out by Urba et al. and
tested ipilimumab in advanced stage III and IV melanoma patients. In this trial ipili-
mumab was administered with or without GP100, a melanoma tumor antigen, and
one group of patients received GP100 peptide alone. The results showed a 10-month
median survival in the ipilimumab-administered groups whether or not GP100 was
also given, and a 6.4-month median survival in patients only given GP100. Sixty
percent of the 676 enrolled patients had severe immune-related side effects when
given ipilimumab, including diarrhea, injection-site reactions, vitiligo, and colitis.
Fourteen deaths occurred out of the 540 patients who received ipilimumab [37]. In
another phase III trial, 502 patients with metastatic melanoma who were treatment
naive received a combination of ipilimumab and dacarbazine or dacarbazine alone
during weeks 1, 4, 7, and 10, followed by dacarbazine alone every 3 weeks until
week 22. After this time if patients had a response then they received dacarbazine or
placebo every 12 weeks as maintenance regardless of their original treatment group.
This randomized controlled trial led by Wolchok showed 20.8 % vs. 12.2 % sur-
vival, at 3 years in patients who received ipilimumab together with dacarbazine
compared with those who received dacarbazine alone. Similar side effects were
seen in this trial as in the earlier trial with GP100 randomization; however, no deaths
and less severe gastrointestinal side effects were observed. Administering high-dose
steroids appears to be effective in reducing grade III-IV diarrhea (colitis) and sub-
sequent drug-induced mortality [38]. As a result, the FDA approved the use of ipili-
mumab in metastatic melanoma in 2010.

Another monoclonal anti-CTLA4 antibody was developed named tremelim-
umab, a human IgG2 monoclonal anti-CTLA4 antibody. A phase I trial was con-
ducted by Gonzalez et al. in which stage 3 and 4 melanoma patients received
tremelimumab in 1-h infusions every 90 days up to four times. Of 36 patients evalu-
able for response to therapy, 4 had a partial remission and there were no complete
remissions, and the drug was well tolerated without major complications. The side
effects included fatigue, diarrhea, and dehydration [39]. In addition, a phase II trial by
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Bulanhagui et al. studied the tumor response of tremelimumab when administered
to refractory melanoma patients. The drug was given at 15 mg/kg every 90 days.
The infusion was repeated up to four times if the patient had tumor stabilization or
response. This study involved 246 patients with a response rate of 6.6 %, with 16
partial responses. The duration of response ranged from 9-30 months [40]. The
positive results of early trials led to the recent phase III trial by Hauschild et al. In
this study 655 treatment-naive, unresectable stage III and IV melanoma patients
received tremelimumab or standard chemotherapy (either temozolomide or dacar-
bazine, investigators’ choice). Results showed no difference between the groups in
response rate, which was approximately 10 %; however, duration of response was
longer in the tremelimumab group (36 months vs. 14 months, P<0.0011). Side
effects included rash, pruritis, and diarrhea. In addition, there were 7 deaths due to
the tremelimumab, which is 2 % of the 325 patients treated, versus 1 death of the
319 patients in the chemotherapy group, which is <1 % of the patients treated. The
authors pointed out that 16 % of the control arm received ipilimumab as salvage
therapy and that this may have impacted the difference in survival. Furthermore, this
trial excluded patients with lactate dehydrogenase (LDH) more than twice the upper
limit of normal, whereas ipilimumab trials did not. Thus, patients on the chemo-
therapy control arm may have done better than expected and this may have lessened
the survival difference. This is suggested by analysis of the forest plot in which
there is a trend toward better hazard ratio in patients with more advanced melanoma
(e.g., higher LDH baseline levels). Thus, a number of factors may explain why the
results of this trial were different from the results of the phase III ipilimumab trials [41].
Although these studies demonstrated little improvement compared to standard
chemotherapy, additional clinical trials are ongoing [42].

8 Targeting PD-1

Following the success of CTLA4 monoclonal antibodies, anti-PD-1 therapies have
also been developed. There are three PD-1 antagonistic antibodies and one fusion
protein currently being tested in the clinic. These are known as MDX-1106, CT-011,
MK-3475, and AMP-224, respectively. The first three are monoclonal anti-PD-1
antagonistic antibodies, and the fourth is a B7-DC/IgG1 fusion protein [8]. In addi-
tion, trials of antibodies targeting PDL1 are also being conducted, and BMS-936559
is one such antagonistic anti-PDL1 antibody.

9 MDX-1106

A phase I trial conducted by Topalian et al. tested MDX-1106, a human monoclonal
IgG4 antagonistic antibody also known as BMS-936558. It was given to patients
with several types of metastatic refractory solid tumors including RCC, melanoma,
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prostate, colon cancer, and non-small-cell lung cancer (NSCLC). The study was
designed to test escalating doses to a maximum dose of 10 mg/kg of MDX-1106
and included 39 patients. Results include one complete remission in colon cancer
and two partial responses in melanoma and NSCLC. The study also demonstrated
durability of the drug’s effect and showed that the drug was well tolerated [43].

Another phase I trial reported by Sznol involved patients with advanced mela-
noma, NSCLC, castration-resistant prostate cancer, RCC, or colorectal cancer and
treatment with MDX-1106. Complete or partial responses were seen in NSCLC,
melanoma, or RCC. Of the 296 patients included in this study, response rates were
18 % in 76 patients with NSCLC, 28 % in 94 patients with melanoma, and 27 % in
33 patients with RCC. These responses were often durable, with 20 of 31 patient
responses lasting over a year in patients that had at least a year of follow-up. Thirty-
two of the total 296 patients had severe drug-related events, including pneumonitis,
vitiligo, colitis, hepatitis, hypophysitis, and thyroiditis. Intriguingly, PDL1 expres-
sion on tumors appears to correlate with response [44]. Also, effective reinduction
therapy with anti-PD-1 antibody has been reported [45]. A recent phase I trial by
Wigginton et al. tested MDX-1106 in refractory metastatic RCC, prostate cancer,
melanoma, NSCLC, and colorectal cancer. The study tested 1, 3, or 10 mg/kg of the
drug administered biweekly in 126 patients. Side effects included rash, pruritus,
diarrhea, and fatigue. This study included 16 RCC patients treated with 10 mg/kg,
and at this dose an overall response rate of 31.2 % (5 of 16 patients) was observed
with sustained disease of over 4 months observed in 6 of 16 patients. One of the two
RCC patients treated with 1 mg/kg had a partial remission lasting over 12 months,
and one had sustained disease lasting over 21 months. One of the 15 evaluable
patients with prostate cancer had a partial response lasting over 2 months, and 3 of
15 had stable disease for over 4 months [46].

CT-011 is a humanized monoclonal IgG1 antagonistic antibody against PD-1.
CT-011 has also been investigated in a phase I trial by Nagler et al. to identify the
maximum tolerated dose. In this study 17 patients were given escalating doses of
CT-011, to a maximum dose of 6 mg/kg, as a single IV infusion. The drug was well
tolerated with diarrhea being the main side effect, and no maximal tolerated dose
was determined. CT-011 showed preliminary antitumor efficacy, with 33 % of
patients having a response and one patient having a complete remission. This trial
tested the drug in hematologic malignancies including acute myeloid leukemia
(AML), chronic lymphocytic leukemia, non-Hodgkin’s lymphoma, Hodgkin’s lym-
phoma, or multiple myeloma [47].

A phase I anti-PDL1 antibody trial has also been conducted. BMS-936559 is a
humanized IgG4 monoclonal antibody, which prevents PDL1 binding to PD-1.
BMS-936559 was tested in patients with several cancers including melanoma,
colon, pancreatic, gastric, and breast cancer, RCC, and NSCLC. Patients were
treated with 1-h infusions on days 1, 15, and 29 of 6-week cycles, and they received
up to 16 cycles as long as they were able to tolerate the treatments. This study, con-
ducted by Wigginton et al., showed durable tumor regression, with an overall
response rate of 19 % in melanoma patients with response seen in 9 of 52 patients.
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An overall response rate was observed in 10 % or 5 of 49 patients with NSCLC as
well as in 6 % or 1 of 17 patients with ovarian cancer and in 12 % of 207 patients
with RCC. These data are overall average responses seen in patients treated with 1,
3, or 10 mg/kg BMS-936559; and the highest doses gave the highest response rates
when analyzed alone. Immune side effects related to the drug occurred in 81 of the
207 patients and included rash, hypothyroidism, hepatitis, sarcoidosis, endophthal-
mitis, diabetes, and myasthenia gravis [48].

10 Anti-4-IBB Therapy

There are several anti-4-1BB agonist antibodies under study in the clinical setting.
BMS-666513 is a human monoclonal antibody that has been tested in a phase I trial
by Logan et al. The study was conducted in 83 patients with melanoma, RCC, pros-
tate cancer, or ovarian cancer. The drug, at several dose levels, was given intrave-
nously every 3 weeks, and response was tested after the fourth dose and then every
two doses thereafter. There were partial responses in 9 of 54 melanoma patients.
The therapy was well tolerated with a 6-15 % side effect rate including neutropenia,
increased liver function tests, fatigue, rash, pruritis, diarrhea, and fever [49].

11 Anti-OX40 Therapy

A phase I trial of anti-OX40 led by Weinberg and Curti using a mouse monoclonal
agonist antibody. To determine a safe and effective dose the antibody was infused
on days 1, 3, and 5 of each cycle at 0.1, 0.4, or 2 mg/kg. The study involved 30
patients with a variety of refractory solid tumors, with 10 patients in each dose cat-
egory. It was thought that since there are few T cells that express OX40 the immune
response would be efficacious without having the same high side effect profile as
agents targeting CTLAA4. This turned out to be the case, with mild fatigue and lym-
phopenia being most common adverse effects. The efficacy of the OX40 antibody
in this trial is still being assessed [50], and anti-OX40 antibodies are also being used
in other ongoing trials.

12 GITR-Targeted Therapy

Phase I trials targeting GITR are ongoing. One is a trial in melanoma testing the
safety of GITR agonistic antibody TRX518. Another is a phase I trial in melanoma
patients testing dendritic cells alone or dendritic cells expressing GITRL, anti-
CTLAA4, or both together [27].
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13 Conclusion

There are many other receptor and ligand co-stimulatory or inhibitory pairs that
affect T cell activity that are being studied in the laboratory and in the clinic. As we
gain knowledge regarding the normal functions of the different T cell co-regulatory
receptors, we will be able to better manipulate their functions in hopes of further
improving immunotherapy as a standard treatment option for cancer patients, to be
used alone or in conjunction with other treatment modalities such as chemotherapy
or radiation therapy. Manipulation of co-regulatory receptor signaling has already
demonstrated early efficacy and will increasingly be incorporated in combination
with additional immune therapy strategies in a variety of human tumors.
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