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Abstract Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4 or CD152) is a

negative regulator of T-cell mediated immune responses, which plays a critical role

in suppressing autoimmunity and maintaining immune homeostasis. Because of its

inhibitory activity on T cells, CTLA-4 has been investigated as a drug target to

induce immunostimulation, blocking the interaction with its ligands. The

antitumour effects mediated by CTLA-4 blockade have been attributed to a

sustained active immune response against cancer cells, due to the release of a

brake on T cell activation. Ipilimumab (Yervoy, Bristol–Myers Squibb) is a fully

human monoclonal IgG1κ antibody against CTLA-4 approved by FDA and EMA in

2011 for the treatment of advanced (unresectable or metastatic) melanoma, based

on the increase of overall survival demonstrated in a phase III clinical trial. Further

development of ipilimumab includes its use in other refractory and advanced solid

tumours, either as monotherapy or in combination with additional immunosti-

mulating agents or molecularly targeted therapies.
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10.1 CTLA-4

Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4 or CD152) is a negative

regulator of T cell-mediated immune responses, which plays a critical role in

suppressing autoimmunity and maintaining immune homeostasis. The inhibition

of the effector T-cell function is induced by CTLA-4 using both effector T-cell

“intrinsic” (i.e., transducing a cell-intrinsic negative signal directly in effector T

cells) and “extrinsic” mechanisms.

CTLA-4 acts as a negative regulator of CD28-dependent T-cell responses

(Fig. 10.1). After the binding of T-cell receptor (TCR) with an antigen bound to

the major histocompatibility complex (MHC) on the surface of antigen-presenting

cells (APC), T-cell activation is completed by a second co-stimulatory signal,

represented by the interaction between CD28 on T cells and the B7 molecules on

APC (Fig. 10.1). The main effects of CD28 signalling are to augment and sustain

T-cell responses, favour survival of T cells and direct the production of cytokines

required for clonal expansion and differentiation of T cells. CTLA-4 is closely

related to CD28 and shares with it the same ligands, B7-1 (CD80) and B7-2

(CD86), with CTLA-4 exhibiting higher affinities than CD28, in particular for

CD80 [1, 2]. Like CD28 and the other costimulatory receptor inducible

costimulator (ICOS), CTLA-4 is a transmembrane protein bearing a single extra-

cellular immunoglobulin variable domain linked to a stalk region, containing a

unique cysteine residue responsible for the formation of disulfide-linked

homodimers, and a transmembrane segment followed by a short cytoplasmic tail

endowed with tyrosine-based signalling motifs [3]. Despite their structural and

sequence similarities, CD28 and CTLA-4 differ in their localization in T cells,

the former being expressed at the cell surface both in resting and activated cells.

CTLA-4 is, instead, up-regulated on the surface of activated T cells in response to

TCR/CD28 costimulation [3]. In resting T cells, CTLA-4 has a primarily intracel-

lular distribution that is dependent on motifs contained within its C terminal

cytoplasmic tail. Upon T-cell stimulation, CTLA-4 is mobilized to the cell surface

but not stabilized at the plasma membrane; in fact, it continues to undergo clathrin-

mediated endocytosis, recycling, and degradation [4]. Once expressed on plasma

membrane of activated T cells, CTLA-4 outcompetes with CD28 for the binding

to B7 complex inhibiting T-cell activation, as a result of decreased proliferation

and impairment of CD28-mediated interleukin 2 (IL-2) secretion [3]. CTLA-4

inhibits signal-transduction pathways downstream of TCR through the interaction

of its cytoplasmic tail with serine–threonine protein phosphatase 2A (PP2A) and src

homology 2 domain-containing tyrosine phosphatase 2 (SHP2) [5]. Moreover,

it stimulates T-cell survival through the binding of phosphoinositol-3 kinase

(PI3K), inducing T-cell anergy in the absence of T-cell death [5]. The CTLA-4

induced PI3K activation generates phosphatidylinositol 3,4-biphosphate (PIP2)

which recruits PH domain kinase 1 (PDK1), a kinase capable of activating

serine–threonine protein kinase B (PKB/AKT). The latter enzyme, in turn,

phosphorylates and inactivates the pro-apoptotic protein BAD, which is degraded
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by 14-3-3 proteins, preventing its interaction with the anti-apoptotic Bcl-XL and

Bcl-2 proteins, and causes up-regulation of Bcl-XL expression. In this way, Bcl-XL

and Bcl-2 are free to mediate mitochondrial-dependent cell survival [6]. Through

this pathway, CTLA-4 favours T-cell survival under condition of anergy induction,

thus ensuring the maintenance of a long-term tolerance in the immune system.

Other intrinsic mechanisms by which CTLA-4 inhibits T-cell activation rely on

the ability of CTLA-4 to increase T-cell motility, overriding the TCR-mediated

“stop-signal” (i.e., the arrest of T-cell motility), which is required for a stable

conjugate formation between T cells and APC [7]. In this way, CTLA-4 decreases

the contact period between T cells and APC, reduces the efficiency of MHC-peptide

presentation, and raises the threshold for T-cell activation conferring protection

against autoimmunity. Moreover, CTLA-4 inhibits the expression of lipid rafts, a
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Fig. 10.1 CTLA-4 is a negative modulator of T cell activation. a Costimulatory and coinhibitory

molecules. T-cell activation is triggered when TCR binds to an antigen bound to the MHC on the

surface of APC, and it is completed by a second co-stimulatory signal, represented by the

interaction between CD28 on T cells and its ligands B7-1 (CD80) or B7-2 (CD86) expressed on

APC. PD-1 and CTLA-4 are negative regulators of T-cell-mediated immune responses. CTLA-4

shares with CD28 the same ligands, B7-1 and B7-2. ICOS is a costimulatory receptor and its

ligand, B7-H2 (ICOS-L), has recently been proposed to bind also CD28 and CTLA-4. (The plus
sign represents a positive/activating signal; the minus sign indicates a negative/inhibitory signal).

b Inhibition of T-cell activation. Following T-cell activation, CTLA-4 is up-regulated in activated

effector T cells, and functions as an inhibitory co-stimulatory molecule, outcompeting with CD28

for the binding to B7 complex. CTLA-4 is constitutively expressed on Tregs surface, and its

interaction with B7 molecules triggers a reverse signalling in APC that leads to up-regulation in

APC of IDO, reducing the supply of tryptophan in the local tissue microenvironment and

producing kynurenines, with consequent inhibition of T-cell proliferation. Other mechanisms

involved in CTLA-4 inhibitory effects on T-cell activation are described in the text
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clustering of glycosphingolipid-enriched microdomains that is considered as an

essential component of the immunologic synapse [8]. Lipid rafts form, on the T-cell

surface, a “platform” for signalling proteins crucial for proper TCR-mediated

signalling. After TCR engagement, molecules such as Lck, Fyn, protein kinase C

(PKC)θ, phospholipase C (PLC)γ, and linker for activation of T cells (LAT), are

recruited to the raft aggregates at the T cell–APC contact area. During CTLA-4

interaction with the rafts, its associated phosphatases might dephosphorylate impor-

tant signal components and then cause dissociation of the raft associated molecules

such as Lck, Fyn, LAT, and TCR chain [8]. Finally, CTLA-4 also blocks the

formation of microclusters containing TCR and molecules needed for an effective

transmission of signals from TCR [9].

A well-characterized extrinsic mechanism by which CTLA-4 may act as nega-

tive regulator of T-cell responses is through the action of regulatory T cells (Tregs)

(Fig. 10.1), where CTLA-4 is constitutively expressed [10]. Tregs are a subset of

TCR αβ+ CD4+ T cells, which behave as immunosuppressive regulators both

through the production of cytokines and by direct cell–cell contacts [11]. They

are characterized by surface expression of IL-2 receptor alpha chain (CD25) and

intracellular expression of the X-chromosome–linked transcription factor forkhead

box protein P3 (FoxP3). In Tregs, CTLA-4 expression is controlled by Foxp3 and

further up-regulated by TCR stimulation. These Foxp3+CD4+CD25+ Tregs sup-

press naı̈ve T-cell activation (referred to as “suppression”), have impaired TCR

signal transduction (“TCR hyposignalling”), scarcely produce IL-2 and are anergic

in vitro (“anergy”), although they are highly proliferative when provided with an

exocrine source of IL-2 [12]. Recently, it has been found that Treg suppression and

anergy require the external domain of CTLA-4, which binds to costimulatory

ligands on APCs, whereas TCR hyposignalling only requires CTLA-4 internal

domain [12]. Suppression of the activation of naı̈ve T cells associated with Treg

externalization of CTLA-4 can be mediated by its interaction with CD80/CD86,

which triggers a reverse signalling in APC, causing up-regulation of the

indoleamine 2,3-dioxygenase (IDO), an enzyme involved in the catabolism of

tryptophan. The increase in IDO activity limits the available tryptophan in the

local tissue microenvironment, required for T-cell proliferation, and enhances the

formation of kynurenines which induce apoptosis in T cells [13–16]. The trypto-

phan starvation and the presence of kynurenines can also stimulate the conversion

of naı̈ve CD4+CD25� T cells into highly suppressive CD4+CD25+FoxP3+ Tregs,

further expanding the Treg cell compartment [17].

CTLA-4 proteins have been shown to induce costimulatory blockade either by

sequestering or removing costimulatory ligands from the APC surface. In fact,

Tregs expressing CTLA-4 on the surface can induce the down-regulation of CD80

and CD86 on APC, limiting the activation of naı̈ve T cells via CD28 [18]. CTLA-4

expressed in Tregs or in activated T cells is able to capture and remove

co-stimulatory ligands (i.e., CD80 and CD86) from opposing cells by trans-

endocytosis. Following removal, these costimulatory ligands are degraded inside

CTLA-4-positive cells, depriving T cells of CD28-mediated co-stimulation [19].
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10.2 CTLA-4 as Pharmacological Target for

Immunosuppression or Immunostimulation

Because of its inhibitory activity on T-cell-mediated responses, CTLA-4 has been

investigated as a drug target either to induce immunosuppression, using agents that

mimic its function, or, conversely, to induce immunostimulation, blocking the

interactions with its ligands (Fig. 10.2). With regard to immunosuppressive

compounds that amply the CTLA-4 function, abatacept and belatacept are recom-

binant soluble homodimeric fusion proteins composed by the extracellular domain

of CTLA-4 fused with the hinge region, and CH2 and CH3 Fc portions of human

IgG1 [20, 21]. Via their CTLA-4 portion, these recombinant proteins act as

competitors in the binding of CD28 to CD80/86 with CD28 on T cells, thus

inhibiting full T-cell activation (Fig. 10.3). The Fc portion of both recombinant

proteins has been deliberately mutated at three sites so that it lost the complement

binding and Fc receptor-binding capabilities. For this reason, the Fc portion present

in abatacept and belatacept cannot trigger complement-dependent cytotoxicity and

antibody-dependent cellular cytotoxicity. Abatacept (Orencia, Bristol–Myers

Squibb) was approved in 2006 by FDA and in 2007 by EMA for rheumatoid

arthritis and polyarticular juvenile idiopathic arthritis [20]. Belatacept (Nulojix,

Bristol–Myers Squibb), which differs from abatacept in two amino acid residues in

the CTLA-4 part and binds with greater avidity to CD80/86 compared with

abatacept, received approval in 2011 by FDA and EMA to prevent rejection of

kidney transplantations [21] (Fig. 10.2).

In contrast, since it is known that tumours have developed numerous ways to

suppress and evade the immune system, the blockade of CTLA-4 signalling was

expected to prolong T-cell activation and to amplify T-cell-mediated immunity

against cancer cells. Preclinical evidence that abrogation of CTLA-4 function

would have resulted in increase of T-cell activation and proliferation came from

CTLA-4 knock-out mice, which showed a massive CD28-dependent expansion of

autoreactive T cells in lymph nodes, spleen, and other peripheral tissues, causing

severe myocarditis and death by 3–4 weeks of age [22, 23]. In-vivo preclinical

studies in the murine model indicated that administration of antibodies to CTLA-4

resulted in the rejection of tumours of different tissue origin, such as colon,

prostatic, and renal carcinomas, fibrosarcoma, and lymphoma [24–28].

Two monoclonal antibodies (tremelimumab and ipilimumab) that block the

inhibitory signal of CTLA-4 have been developed for clinical use (Fig. 10.2).

The antitumour effects mediated by CTLA-4 blockade have been attributed to a

sustained active immune response against cancer cells, due to the release of a brake

on T-cell activation. The increase of the antitumour immune response appears to

derive from a combination of direct enhancement of effector T cell function and

concomitant inhibition of Treg activity through blockade of CTLA-4 on both cell

types (Fig. 10.4) [29].

Tremelimumab (CP 675206; CP-675; CP-675,206; CP-675206; ticilimumab;

Pfizer) is a fully human non-complement-fixing IgG2 monoclonal antibody.
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non-complement-fixing IgG2 antibody against CTLA-4

10 Monoclonal Antibodies to CTLA-4 with Focus on Ipilimumab 239



Currently, it is in phase I/II clinical trials in combination with short-term androgen

deprivation for prostate-specific antigen (PSA)-recurrent prostate cancer without

radiographic evidence of metastatic disease, or with the CD40 agonist monoclonal

antibody CP-870,893 for metastatic melanoma, and, as single agent, for advanced

hepatocellular carcinoma, refractory metastatic colorectal cancer and mesothelioma

([30], http://www.clinicaltrials.gov). In a previous phase III study, tremelimumab

monotherapy, as first-line treatment in patients with advanced melanoma, failed to

demonstrate an improvement in overall survival with respect to temozolomide or

dacarbazine [31]. A recently concluded phase II study, in which 37 patients with

metastatic melanoma received tremelimumab in combination with high doses of

interferon α-2b, showed that this treatment has an acceptable toxicity profile and

promising antitumour efficacy that warrant further testing in randomized trials [32].

The following sections will focus on the pharmacological properties of

ipilimumab and on the main results of clinical trials with this agent.

10.3 Ipilimumab

Ipilimumab (BMS734016, MDX 101, MDX-010, MDX-CTLA-4, MDX-CTLA4,

Yervoy, Bristol–Myers Squibb) is a fully human monoclonal IgG1κ antibody that

specifically binds to human and cynomolgus CTLA-4. Ipilimumab was originated

by the University of Berkeley (CA, USA) and licensed to Medarex, which was then

acquired by Bristol–Myers Squibb. The antibody was initially produced by

immunizing, with the extracellular domain of CTLA-4, Medarex’s proprietary

transgenic HuMAb mice (strain HC2/KCo7), which express the human genes

Treg
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TCRAPC T-CELL

ipilimumab
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TCR CTLA-4 CD28
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Fig. 10.4 Inhibition of CTLA-4 function. The monoclonal antibodies ipilimab and tremelimumab

block CTLA-4 inhibitory signals prolonging T-cell activation and amplifying T-cell-mediated

immunity against tumours
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encoding heavy and light antibody chains and have the corresponding murine genes

inactivated. Spleen cells from immunized animals were then fused with a murine

myeloma cell line (P3X63Ag8.653) to produce hybridomas, which were screened

for IgGκ production and CTLA-4 reactivity. The hybridoma 10D1 was selected for

further development based on binding specificity, affinity, and ability to block

ligand binding [33]. This product was used for phase I studies; for phase II studies

and beyond, ipilimumab was produced from a recombinant Chinese hamster ovary

(CHO) cell line, transfected with a vector containing the coding sequences for both

heavy and light chains of ipilimumab and expressing the same sequence of the

antibody produced by the 10D1 hybridoma (EMA/CHMP/557664/2011). The anti-

body is purified using standard chromatography and filtration steps.

Ipilimumab was approved by FDA in March 2011 for the treatment of

unresectable or metastatic melanoma, and in July 2011 by EMA for advanced

(unresectable or metastatic) melanoma in adults who have received prior therapy.

The recommended dose of ipilimumab is 3 mg/kg administered intravenously every

3 weeks for a total of four doses.

The pharmacokinetic profile of intravenous ipilimumab was studied in three

monotherapy trials on a total of 498 patients with advanced melanoma treated with

four doses of 0.3, 3, or 10 mg/kg every 3 weeks. The values of peak concentration

(Cmax), trough concentration (Cmin), and area under the curve (AUC) were found to

be dose-proportional within the dose range examined. The steady state concentra-

tion was reached by the third dose. The Cmax with the 3 mg/kg approved regimen

ranges between 72 � 33 μg/ml and 84.5 μg/ml, according to different studies

[34–37]. Since the maximal blockade of the binding of CD80 and CD86 to

human CTLA-4, induced in vitro by ipilimumab, is observed at 6–20 μg/ml and

1–3 μg/ml respectively, the target Cmin concentration is 20 μg/ml. Prior to the

second dose of 3 mg/kg the mean Cmin is 12 � 7 μg/ml, and the concentration at

steady-state is 21.8 � 1.2 μg/ml [36, 37]. The terminal half-life of ipilimumab is

14.7 days [35, 36]. The mean (percentage coefficient of variation) systemic clear-

ance is 15.3 ml/h (38.5 %) and the volume of distribution at steady-state is 7.21 L

(10.5 %) [36].

10.3.1 Clinical Efficacy Studies with Ipilimumab

10.3.1.1 Malignant Melanoma

Melanoma is the most aggressive form of skin cancer that, if detected at an early

stage, before dermis invasion, can be cured by surgery in 99 % of patients. In

contrast, the median overall survival of patients with metastatic melanoma is low

(about 6–9 months), and the expected 2-year survival rate is 10–20 %. The first

chemotherapeutic agent approved by FDA in 1975 for the treatment of metastatic

melanoma was the DNA methylating compound dacarbazine, which is still consid-

ered the reference drug. The response rates with intravenous administration of

dacarbazine are 15–25 %, with median response durations of 5–6 months, but
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complete responses are less than 5%. Dacarbazine is unable to cross the blood–brain

barrier; thus, it is ineffective against brain metastases that at autopsy can be

identified in up to two thirds of patients with metastatic melanoma [38]. The oral

dacarbazine analogue temozolomide and the chloroethylating agent fotemustine

have also been compared with dacarbazine, but none of these agents were found to

be more efficacious [39, 40]. Temozolomide has been approved by FDA and EMA

only for the treatment of newly diagnosed glioblastoma multiforme and recurrent

anaplastic astrocytoma. However, it is frequently used off-label for the treatment of

metastatic melanoma, especially in the presence of brain metastases, due to its

higher brain penetration with respect to dacarbazine. The overall response rates

with temozolomide, alone or in combination with whole brain irradiation, in patients

with brain metastases frommelanoma were up to 9% [41]. Unfortunately, in a phase

III study with 149 patients the global and 1-year incidence of CNS metastases in

melanoma patients was not significantly reduced by temozolomide, in combination

with cisplatin and IL-2, with respect to the same combination with dacarbazine

[42]. A number of studies are currently evaluating temozolomide in combination

with other chemotherapeutic agents or with modulators of DNA repair, such as

inhibitors of poly(ADP-ribose) polymerase activity ([43], http://www.clinicaltrials.

gov). In some European countries, fotemustine is used for the treatment of brain

metastases in melanoma patients; the reported overall response rate was 5.9 %

versus 0 % with dacarbazine [40]. However, the bone-marrow toxicity induced by

fotemustine is more severe than that caused by temozolomide.

In 1998 high doses of IL-2 have been also approved by FDA in USA, but not by

EMA in Europe, for the treatment of the metastatic disease, based on the results of

phase II studies showing its ability to induce durable responses in 5–7 % of patients

[44]. The IL-2 antitumour activity is dependent on its ability to modulate immune

responses in the host. The high toxicity (including hypotension, vascular leak

syndrome, cardiac dysrhythmias) restricts the use of this cytokine to carefully

selected and younger patients with preserved performance status and absence of

cardiovascular disease.

The 1-year survival of patients with unresectable melanoma treated with a

variety of chemotherapeutic protocols is about 25 %, as indicated by the meta-

analysis of a large number of phase II trials [45]. Before the recent approval of

ipilimumab and of the BRAF inhibitor vemurafenib, no other agents have

demonstrated better results than dacarbazine in phase III studies. Vemurafenib

(Zelboraf, Hoffman–La Roche) was approved by FDA in August 2011 and by

EMA in February 2012 for unresectable or metastatic melanoma with the BRAF

V600E mutation as detected by an FDA-approved test. BRAF is a threonine/serine

protein kinase that activates the mitogen activation protein (MAP) kinase–ERK

pathways. Mutations of BRAF (resulting in about 90 % of cases in glutamic acid

substitution for valine at amino acid 600, BRAF V600E) are present in 50 % of

melanoma patients, and cause an over-activation of the downstream MAP kinase/

ERK pathway, involved in cell proliferation and survival. Vemurafenib is a small-

molecule kinase inhibitor that selectively targets activated BRAF V600E and lacks

activity against melanoma cell lines with wild-type BRAF. Differently from

ipilimumab, which is given intravenously for a total of four doses, treatment with
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vemurafenib requires continuous daily doses per os. In a phase III trial enrolling

untreated patients with metastatic melanoma carrying the BRAF V600E mutation,

the overall survival at 6 months was 84 % in the vemurafenib arm and 64 % in the

group treated with dacarbazine, and the response rates were 48 % and 5 % respec-

tively [46]. In previously treated patients with BRAF V600E-mutant metastatic

melanoma, vemurafenib induced clinical responses in more than half of patients,

with a median overall survival of 16 months [47]. The most commonly reported

adverse effects of vemurafenib include arthralgia, rash, photosensitivity, fatigue,

pruritus, alopecia, diarrhoea, nausea, and cutaneous squamous-cell carcinoma [46,

47]. Evidence on the clinical efficacy deriving from targeting BRAF V600E also

derives from the results of a phase III trial with the other BRAF inhibitor dabrafenib

that led to drug approval in 2013 (GSK-2118436, GlaxoSmithKline) [48]. Unfortu-

nately, responses to BRAF inhibitors are short-lived due to the development of

different mechanisms of acquired tumour drug resistance that lead to the recovery

of the MAPK signalling. Among these resistance mechanisms, switching between

BRAF isoforms or secondary activating NRAS mutations are frequently described

[49]. Interestingly, the cutaneous squamous-cell carcinomas and keratoacanthomas

that develop in 15–30 % of patients treated with vemurafenib or dabrafenib

frequently show RAS mutations [50].

The approval of ipilimumab by FDA was based on its ability to increase the

overall survival with respect to vaccine with gp100 peptide in a phase III study

(NCT00094653/CA184-002) that recruited 676 patients with unresectable stage III

or IV melanoma, whose disease had progressed after at least one prior systemic

treatment with chemotherapy [51]. This phase III study is the first randomized

clinical trial showing increased overall survival in patients with metastatic mela-

noma (about 70 % of the patients had visceral metastases), and the first reporting

efficacy as second-line treatment of melanoma. The patients were randomly in a

3:1:1 fashion to receive: ipilimumab (3 mg/kg) plus gp100 (1 mg each of two

modified peptides) every 3 weeks for four doses, ipilimumab plus placebo, and

gp100 plus placebo. All patients were HLA-A*0201-positive, since the cancer

vaccine consists of a nine amino acid synthetic peptide derived from the

melanosomal glycoprotein 100 (gp100) that is presented to the immune system in

the context of HLA-A*0201. Before ipilimumab approval, no accepted standard of

care for second-line therapy of metastatic melanoma was available, and enrolment

in a clinical trial was recommended. The median overall survival with ipilimumab

alone was 10.1 months, while with gp100 alone it was 6.4 months. The rationale of

evaluating ipilimumab in combination with gp100 was based on the hypothesis that

the addition of the cancer vaccine might have enhanced T-cell responses compared

with ipilimumab alone. However, ipilimumab did not synergize with the vaccine,

since the overall survival of the combined treatment was identical to that of

ipilimumab alone [51]. On the other hand, gp100 was recently found to increase

the efficacy of IL-2 in patients with locally advanced stage III or IV melanoma [52].

Ipilimumab, as single agent or in combination with gp100, almost doubled the 1-

or 2-year survival rate for patients with stage III or IV melanoma. In fact, the rates

of overall survival in the ipilimumab plus gp100 group, the ipilimumab-alone group
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and the gp100-alone group, respectively, were 43.6 %, 45.6 %, and 25.3 % at 1 year,

and 21.6 %, 23.5 %, and 13.7 % at 2 years [51]. A retrospective analysis of pooled

efficacy data stratified by HLA-A*0201 status showed that ipilimumab-treated

patients had similar outcomes regardless of their HLA-A*0201 status [53]. Despite

the fact that the NCT00094653 study was done exclusively in patients who had

failed prior therapy, FDA approved ipilimumab, at the dose of 3 mg/kg, for all

patients affected by metastatic melanoma, both those who were treatment-naı̈ve and

those who had failed previous therapy. Approval almost coincided with the

announcement by Bristol–Myers Squibb Company that a phase III study

(NCT00324155/CA184-024) in 502 previously untreated patients, comparing the

efficacy of 10 mg/kg ipilimumab plus dacarbazine versus monotherapy with

dacarbazine, had met the primary endpoint of improving overall survival. The

results, published 3 months later, indicated that ipilimumab every 3 weeks for

four doses in combination with dacarbazine (850 mg/m2) significantly improved

overall survival compared to dacarbazine plus placebo (11.2 months versus 9.1

months) as the front-line metastatic setting [54]. After the induction phase, eligible

patients received a maintenance therapy with ipilimumab every 12 weeks. The

survival rates in the ipilimumab–dacarbazine arm were higher than in the

dacarbazine arm, being 47.3 % and 36.3 % at 1 year, 28.5 % and 17.9 % at

2 years respectively. In the ipilimumab–dacarbazine group, prolonged survival

was observed in patients monitored for 4 years [54]. A randomized double-blind

phase III study (NCT01515189/CA184-169) is presently comparing 3 mg/kg with

10 mg/kg ipilimumab in patients with previously treated or untreated unresectable

or metastatic melanoma. Moreover, a phase II study (NCT01119508/2009-0408) is

evaluating the efficacy and safety of 10 mg/kg ipilimumab in combination with

temozolomide (200 mg/m2) on day 1–4, every 3 weeks for four courses, followed

by a maintenance therapy with ipilimumab every 12 weeks and temozolomide on

day 1–5 every 4 weeks until the occurrence of disease progression or unacceptable

toxicity. The results on 64 patients indicated that the treatment was well-tolerated

and efficacious in this clinical setting [55]. Moreover, a prospective phase I/II dose-

escalation trial is investigating the safety of the combination of ipilimumab plus

vemurafenib in patients with metastatic melanoma containing the BRAF V600E

mutation (NCT01400451/CA184-161) [56].

Apart from the phase III registration trial used by FDA for ipilimumab approval

(NCT00094653/CA184-002) in which 10–15 % of patients in each arm presented

CNS involvement at baseline [51], in most of the clinical trials with ipilimumab,

patients with brain metastases were excluded. The outcomes among these patients

are quite poor; in fact, after diagnosis of brain metastases the median overall

survival is only 4 months [57]. Previous case reports showed clinical benefits of

ipilimumab for brain metastases from melanoma [58, 59]. Moreover, a recent phase

II trial specifically designed to enrol patients with brain metastases (NCT00623766/

CA184-042) indicated that 10 mg/kg ipilimumab has activity in this clinical setting,

particularly when metastases are stable, asymptomatic, and do not need glucocor-

ticosteroid treatment [60]. Moreover, the Italian Network of Tumour Biotherapy

(NIBIT) has evaluated the efficacy of ipilimumab (10 mg/kg every 3 weeks for four
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doses and once every 12 weeks from week 24) in combination with fotemustine

(100 mg/m2 weekly for 3 weeks and every 3 weeks from week 9) in a phase II study

(NIBIT-M1) for patients with metastatic melanoma, with or without brain

metastases [61–63]. Of the 86 patients enrolled in this study, 20 showed brain

metastases, and combination of ipilimumab with fotemustine was found to be active

regardless of prior treatment, warranting further investigation in a subsequent phase

III NIBIT-M2 trial [62].

Conventional treatment options for melanoma brain metastases consist of

surgical resection, whole-brain radiation and stereotactic radiotherapy. An effect

observed when ipilimumab was combined with radiotherapy is the abscopal effect,

a phenomenon related to activation of the immune system, in which local radiother-

apy is associated with the regression of metastatic cancer at a distance from the

irradiated site. The regression of non-irradiated lesions in melanoma patients treated

with radiotherapy and ipilimumab suggests a potential synergism between these two

therapeutic approaches [64, 65]. Indeed, several phase I/II clinical trials are

evaluating the combination of ipilimumab with radiation therapy for the treatment

of unresectable stage III or stage IV melanoma (http://www.clinicaltrials.gov).

According to the experiences of the Italian Medical Oncology and Immunotherapy

Unit at the University Hospital of Siena, in the context of an ipilimumab–ocular

melanoma expanded access program, and of the Memorial Sloan Kettering cancer

centre, ipilimumab monotherapy has shown promising activity also for uveal

melanoma [66, 67]. Trials are currently recruiting patients for this clinical setting

[NCT01585194/2011-0919, NCT01355120/DeCOG-MM-PAL11].

Ipilimumab is also being tested in phase III trials as adjuvant therapy after

surgical removal of melanoma for patients with high-risk stage III or IV, versus

high-dose interferon α-2b (NCT01274338/ECOG-E1609) or versus placebo

(NCT00636168/CA184-029). A neoadjuvant use of ipilimumab monotherapy

(NCT00972933/08-144) or in combination with high doses of interferon α-2b
(NCT01608594/NCT01608594) is currently under evaluation in patients with

stage IIIB/C melanoma before surgery. These studies also aim at comparing

immunological parameters at baseline and after treatment. Data on 30 patients

indicated that ipilimumab induced a significant increase in the frequency of

circulating Tregs at 6 weeks, and that greater increases in Tregs were associated

with improved progression-free survival [68].

Phase II combination studies are currently testing ipilimumab with other

immunostimulating agents, such as nivolumab (BMS-936558), a fully human

monoclonal antibody against programmed death-1 (PD-1), an inhibitory receptor

expressed on activated T cells (NCT01927419/CA209-069), or various cancer

vaccine. One of the vaccines combined with ipilimumab is TriMix-DC, formed

by of autologous dendritic cells, transfected with mRNA encoding CD40 ligand,

constitutively active toll-like receptor 4, and CD70. The dendritic cells have been

further co-electroporated with mRNA encoding the melanoma-associated antigens

MAGE-A3, MAGE-C2, tyrosinase, and gp100 [69], in order to induce a T-cell

repertoire able to recognize in a HLA-restricted way these melanoma antigens

(NCT01302496/2010-023058-35).
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10.3.1.2 Hormone-Sensitive and -Resistant Prostate Cancer

The standard of care for hormone-sensitive metastatic prostate cancer is androgen

deprivation therapy via medical [i.e., with the gonadotropin-releasing hormone

(GnRH) agonist/analogues leuprolide or goserelin or with the GnRH antagonist

degarelix] or surgical castration. However, most recurrent prostate cancers that

initially responded to androgen deprivation therapy eventually become castration-

resistant. Once the prostate cancer becomes refractory to hormonal therapy, the

disease course is uniformly fatal, since the treatment options available so far only

modestly extend survival. Docetaxel-based regimens are regarded as the standard

first-line chemotherapy for metastatic castration-resistant prostate cancer. Recently,

cabazitaxel, a semisynthetic taxane derivative, and abiraterone, a pregnenolone

derivative that irreversibly inhibits CYP17A (a key enzyme in androgen synthesis),

have been approved for patients previously treated with a docetaxel-containing

regimen. In addition, immunotherapy with sipuleucel-T, an autologous antigen-

presenting cell vaccine loaded with prostate acid phosphatase conjugated with

granulocyte–macrophage colony-stimulating factor (GM-CSF), was approved for

men with asymptomatic metastatic disease [70]. Ipilimumab has shown some

activity in several phase I/II clinical trials in metastatic prostate cancer, as single

agent [71] and in combination with GM-CSF [72] or radiotherapy [73]. A phase II

study with ipilimumab given alone or in combination with docetaxel has been

recently completed (NCT00050596/CA184-019). Two multicentre randomized

phase III studies, both with overall survival as primary endpoint, are currently

underway in chemotherapy-naı̈ve or post-docetaxel patients with metastatic

castration-resistant prostate cancer. One of these studies is comparing radiotherapy

followed by ipilimumab (10 mg/kg) versus radiotherapy plus placebo in patients

who have received prior treatment with docetaxel (NCT00861614/CA184-043)

[74], based on data supporting a role for irradiation to enhance the immune

responses, whereas the other is testing the same dose of ipilimumab versus placebo

in asymptomatic or minimally symptomatic chemotherapy-naı̈ve patients

(NCT01057810/CA184-095) [75].

Phase II studies with ipilimumab in combination with either GnRH analogues

(leuprolide, goserelin) or the GnRH antagonists degarelix plus androgen depriva-

tion therapy in castrate-sensitive prostate carcinoma (NCT01377389/2009-0378),

or as neoadjuvant therapy before surgery (NCT01194271/2009-0135), are ongoing.

Based on the previously reported synergy between the anti-CTLA-4 antibody in

combination with GM-CSF secreting tumour-cell vaccines, a phase I trial with

GMCF-transduced allogeneic prostate cancer cells vaccine (GVAX) plus 3 mg/kg

ipilimumab has been undertaken in patients with metastatic castration-resistant

prostate cancer (NCT01510288/G-0016) [76]. Moreover, another phase I study

(NCT00113984/NCT00124670) has been carried out with escalating doses of

ipilimumab plus PSA-Tricom vaccine, a poxviral-based vaccine targeting PSA

and containing three T-cell co-stimulatory molecules (CD58, CD80, and

ICAM1) [77].

246 G. Graziani et al.



10.3.1.3 Lung Cancer

About 85–90 % of all lung cancers are non-small-cell lung cancers (NSCLC); at an

advanced stage, standard chemotherapy only marginally improves overall survival.

Platinum-based combination therapies are the standard of first-line care for patients

with advanced NSCLC, with a median overall survival of 8–12 months. In 203 che-

motherapy-naı̈ve recurrent or stage IIIb/IV patients with NSCLC, 10 mg/kg

ipilimumab was administered concomitantly with (concurrent ipilimumab) or

sequentially (phased ipilimumab) to carboplatin and paclitaxel, and compared to

chemotherapy alone (NCT00527735/CA184-041). The results of this phase II trial

indicated that phased ipilimumab plus paclitaxel and carboplatin improved

progression-free survival (phased ipilimumab 5.1 months and concurrent

ipilimumab 4.1 months versus chemotherapy alone 4.2 months). Median overall

survival were 12.2, 9.7, and 8.3 months respectively [78]. A phase III trial has been

recently planned to test the impact of paclitaxel/carboplatin followed by

ipilimumab on overall survival in NCSLC with squamous histology

(NCT01285609/CA184-104) [79]. Similar results to those obtained with NCSLC

were reported also in patients with extensive-disease small-cell lung cancer

(ED-SCLC) who were enrolled onto the same phase II study NCT00527735/

CA184-041 [78]. For newly diagnosed ED-SCLC, a phase III trial

(NCT01450761/CA184-156) is recruiting patients to compare the efficacy of

ipilimumab plus etoposide/cisplatin or carboplatin, which represent the standard

treatment for metastatic SCLC [80].

10.3.1.4 Other Cancers

Ipilimumab is in phase I/II clinical trials for a variety of solid tumours. In renal cell

cancer, immunotherapy with IL-2 induces 15–25 % objective response rate. In a

phase II trial (NCT00057889/NCI-03-C-0094) with 61 patients affected by meta-

static renal cell cancer, refractory to or ineligible for treatment with IL-2 treatment,

single-agent ipilimumab (1 mg/kg and 3 mg/kg) induced an overall response rate of

12.5 % in the group receiving the higher dose of ipilimumab, and responses were

seen in patients previously not responding to IL-2 [81]. Another phase II study

(NCT01524991/GU10-148) has been designed to assess the efficacy of ipilimumab

in combination with gemcitabine and cisplatin against metastatic urothelial carci-

noma, which is regarded as an immunogenic tumour and is generally treated with

first-line platinum-based combinations [82]. A small phase I study has also

evaluated the tolerability of ipilimumab as neoadjuvant treatment for urothelial

carcinoma before surgery (NCT00362713/CA184-027) [83]. Phase I trials are

testing the safety of ipilimumab in combination with gemcitabine

(NCT01473940/NU 10I02) or with a pancreatic cancer vaccine, consisting of

allogeneic pancreatic tumour cells transfected with a GM-CSF gene

(NCT00836407/J0834), for locally advanced, unresectable, or metastatic pancre-

atic adenocarcinoma.
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10.4 Immune-Related Response Criteria

The clinical experience with ipilimumab has indicated that the Response Evalua-

tion Criteria in Solid Tumours (RECIST) or modified World Health Organization

(mWHO) criteria, typically used by oncologists to define tumour response and

disease progression, are not suitable for assessing the clinical responses to

imuunotherapy. In fact, patients treated with ipilimumab may have a delayed yet

durable response and obtain long-term survival benefit despite an initial tumour

growth. On the contrary, the cytotoxic activity of chemotherapeutic agents gener-

ally causes tumour shrinkage within a few weeks from the beginning of drug

administration. A decrease in tumour size after the initial cycle of chemotherapy

is predictive of improved survival, whereas an early increase of the primary tumour

or the appearance of new lesions is indicative of progressive disease and drug

failure. On the other hand, ipilimumab, due to its particular mechanism of action

that relies on activation of T-cell mediated immune responses against the tumour,

may induce four distinct response patterns, all of them associated with a favourable

survival: (a) a shrinkage in baseline lesions, (b) a stable disease followed by a slow

decline in tumour burden, (c) a response after an increase of tumour burden, or (d) a

response in the presence of new lesions [84]. The progression during treatment

might indicate an actual tumour growth occurring before an adequate immune

response is raised against cancer cells. Alternatively, the progression may reflect

an active immune response with infiltration of cytotoxic T lymphocytes and

inflammatory cells within the tumour, which will cause an increase in the size of

the lesion [85]. Therefore, RECIST or mWHO criteria might underestimate the

clinical benefit of ipilimumab, since an increase in tumour size or the appearance of

new lesions would be considered progressive disease, leading to an unwanted early

cessation of treatment in potential responders.

This unusual pattern of treatment responses has led to the development of new

immune-related criteria (irRC) that may help in the decision-making regarding

continuation of therapy [84]. Patients with new lesions, but with a decrease in

size of baseline lesions, will not necessarily be considered to have progressive

disease. They will, instead, be considered responders and continue to receive

ipilimumab, with possible long-term benefits. Nevertheless, the value of irRC has

to be tested in prospective clinical trials.

10.5 Adverse Effects

The adverse effects of ipilimumab are related to increased immune-reactivity

against normal tissues (immune-related adverse effects or irAEs). The most com-

mon irAEs include rash and pruritus, colitis and diarrhoea, vitiligo, endocrinopathies

involving pituitary, thyroid, or adrenal gland, hepatitis, and uveitis. Indeed, the

prescribing information of ipilimumab includes a boxed warning about the risk of

severe and fatal irAEs due to T-cell activation and proliferation [36]. Moreover, the
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FDA required a Risk Evaluation and Mitigation Strategy (REMS) from the manu-

facturer to ensure that the benefits of ipilimumab outweigh its risks. The REMS

program consists in a communication plan for healthcare providers and patients to

facilitate early identification of the risks deriving from treatment with ipilimumab,

and to provide an overview of recommended management of patients with moderate

or severe irAEs (http://www.yervoy.com/hcp/rems.aspx).

A retrospective review of safety data from 14 completed phase I–III trials of

ipilimumab in 1,498 patients with advanced melanoma indicated that irAEs

occurred in 64.2 % of patients, and confirmed that the gastro-intestinal tract and

the skin were the most common sites of adverse effects [86]. In the registration

phase III trial (NCT00094653/CA184-002), the most common irAE was diarrhoea

at any grade in 27–31 % of the patients receiving ipilimumab [51]. Interestingly,

health-related quality of life (HRQL) outcomes demonstrated that ipilimumab with/

without gp100 vaccine did not have a significant negative HRQL impact during the

treatment induction phase relative to gp100 alone in melanoma patient [87]. Analy-

sis of the safety profile of patients alive after 2 years of the phase III trial

NCT00324155/CA184-024, in which ipilimumab plus dacarbazine was compared

to dacarbazine plus placebo, indicated a low rate of irAE in the ipilimumab-

containing arm, and indicated that irAE were medically manageable according to

established guidelines [88]. Indeed, algorithms are available for the correct man-

agement of irAEs, which depends on the severity of adverse effects

[89]. Frequencies of dose-limiting ipilimumab-related irAEs increased with dose.

Grade 3 and 4 irAE have been reported in 25 % of patients treated with 10 mg/kg,

and in 7 % of those treated with 3 mg/kg [34]. The majority of irAEs resolve with

systemic administration of glucocorticosteroids; for grade �2 irAEs or in patients

experiencing symptomatic endocrinopathy, ipilimumab should be held. Once side-

effects improve to grade 0–1, steroids should be gradually tapered within at least

1 month. The influence of high-dose systemic glucocorticosteroids on ipilimumab

antitumour efficacy has not been established in large-scale trials. Retrospective

studies or case reports did not show so far unfavourable effects of steroid treatments

on the antitumour efficacy of ipilimumab [90–92]. Several trials have reported a

possible correlation between grade 3 and 4 irAEs with the clinical efficacy of

ipilimumab [93, 94], suggesting that tumour regression is associated with the

development of autoimmunity. However, clinical benefit has been observed also

in patients who did not develop irAEs [94].

10.5.1 Skin Toxicity

Maculopapular rash and pruritus have been observed in 47–68 % of patients

receiving ipilimumab, generally appearing 3–4 weeks after the beginning of treat-

ment. Histological analysis of affected skin revealed perivascular lymphocytic

infiltrate in the dermis and epidermis and immunohistochemical staining showed

the presence of CD4+ and melan-A specific CD8+ T lymphocytes in the proximity

of apoptotic melanocytes [95]. Skin eruptions and pruritus usually do not require
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skipping a dose or discontinuation of ipilimumab, and resolve with topical

glucocorticosteroids or urea-containing creams and antipruritic agents.

10.5.2 Colitis and Diarrhoea

Diarrhoea has been observed in 31–46 % of patients, after about 7 weeks, and can

be associated with colitis, which can lead to obstruction and bowel perforation

(<1 %). In ipilimumab-related colitis, the descending colon is more often affected

than ascending colon, sigmoid colon, or rectum. Colon biopsies show neutrophilic

infiltrate in 46 % of patients, lymphocytic infiltrate in 15 %, and neutrophilic-

lymphocytic infiltrate in 38 % [96]. Treatment of mild diarrhoea is symptomatic,

with loperamide, oral hydration, and electrolyte substitution. For persistent or grade

�2 diarrhoea, infection must be excluded by stool cultures, and sigmoidoscopy or

colonoscopy is indicated to confirm or rule out colitis [97]. Ipilimumab must be

suspended, and budesonide, a locally acting glucocorticosteroid with low bioavail-

ability after oral administration, or 1 mg/kg prednisone are used. Unfortunately, the

prophylactic use of budesonide did not reduce the rate of grade �2 gastro-intestinal

irAEs [98]. In patients with severe diarrhoea or colitis (grade �3), ipilimumab

should be permanently discontinued. These patients require high-dose intravenous

steroids (e.g., methylprednisolone or dexamethasone) or, in case of no improve-

ment after a week, infliximab. Refractory or severe cases of colitis may require

ileostomy or colectomy.

10.5.3 Hepatitis

Hepatotoxicity (3–9 %; after 6–7 weeks) is usually revealed by an asymptomatic

increase in transaminases and bilirubin or by an immune-mediated hepatitis. Dis-

ease progression with metastases in the liver, as well as viral hepatitis must be ruled

out. The histologic changes observed with ipilimumab-related hepatitis are similar

to those with acute viral and autoimmune hepatitis [99]. For grade 3 and 4 liver

toxicity, ipilimumab should be discontinued, and high doses of intravenous

glucocorticosteroids given, followed by an oral steroid taper with dexamethasone.

If serum transaminase levels do not decrease within 48 h after the beginning of

systemic steroids, oral mycophenolate may be required [97].

10.5.4 Endocrinopathies

Among the endocrine dysfunctions provoked by ipilimumab (4–6 %, after about

9–11 weeks), hypophysitis is the most frequently reported. The presenting clinical

symptoms relate to a pituitary mass effect and hormonal deficiencies. The enlarge-

ment of pituitary gland causes symptoms which mimic intracranial hypertension

caused by brain metastases, which need to be excluded. Most patients present with
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headache, fatigue, asthenia, lethargy, nausea, vertigo, behaviour change, loss of

libido, or visual disturbances. Typically, low levels of thyroid, adrenal, and gonadal

hormones may be found, and clinical symptoms depend on the prevalent suppres-

sion of endocrine axes (thyroid, adrenal glands, or gonads). The majority of male

patients (83–87 %) have hypogonadotrophic hypogonadism [100]. Treatment of

endocrine irAEs includes high-dose steroid therapy and appropriate hormone

replacement, which should be undertaken in consultation with an endocrinologist

[89, 97]. Unlike most of the other irAEs, hypophysitis takes a long time to resolve

and in many cases persists, requiring lifelong therapy.

10.5.5 Other irAE

Immune-related pancreatitis has been reported in less than 1.5 % of treated patients,

and generally manifested as an asymptomatic increase of amylase and lipase

[93]. Diffuse lymphadenopathy and a sarcoid-like syndrome have been reported

anecdotally [101–103]. Transient peripheral neuropathies, both sensory and motor,

associated with ipilimumab have been noted in less than 1 % of patients [97]. A case

of acquired hemophilia A was diagnosed in a patient with metastatic melanoma

2 months after the introduction of ipilimumab, and was related to ipilimumab

therapy [104].

10.6 Conclusions

About one third of melanoma patients achieve clinical benefit from ipilimumab

treatment, and some of the responses are long-lasting, with follow-up >5 years for

the earliest studies. The most impressive property of ipilimumab is represented by

the ability of a short-course treatment (four doses) to increase the overall survival in

a subset of heavily pre-treated patients with metastatic melanoma [51].

The immune-related toxicity of ipilimumab needs a prompt diagnosis and

treatment according to product-specific guidelines to adequately manage irAE,

which sometimes can be also life-threatening. The use of a specified treatment

algorithm has substantially reduced the drug-related deaths to<1 % of patients, and

requires an accurate training of physicians who will use this agent.

The clinical experience with ipilimumab indicates that patients receiving

ipilimumab should not have treatment terminated prematurely (unless severe tox-

icity occurs) because of early progressive disease. In fact, lack of objective response

evaluated by standard criteria might not always reflect treatment failure, due to the

peculiar kinetics of response deriving from the immune-mediated mechanism of

action of ipilimumab. This highlights the importance of identifying biomarkers

capable of recognizing those patients who will behave as late responders, in order to

spare non-responder patients unnecessary toxicity.

Despite the dramatic effects in a subgroup of patients, the majority of patients with

metastatic melanoma do not obtain long-lasting clinical benefit from ipilimumab.
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Thus, combination therapies with other novel immunomodulating agents, targeted

therapies, or anti-angiogenic agents need to be evaluated principally to enhance the

percentage of long-term survivors, and to improve ipilimumab efficacy.
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Calabrò L, Rossi CD, Giacomo AM, Ferrucci PF, Ridolfi L, Altomonte M, Miracco C,

Balestrazzi A, Maio M (2012) Ipilimumab in pretreated patients with metastatic uveal

melanoma: safety and clinical efficacy. Cancer Immunol Immunother 61:41–48

67. Khan SA, Callahan M, PostowMA, Chapman PB, Schwartz GK, Dickson MA, D’Angelo SP,

Luke JJ, Bluth MJ, Roman RA, Montefusco M, Barker CA, Abramson DH, Wolchok JD,

Carvajal RD (2012) Ipilimumab in the treatment of uveal melanoma: the Memorial Sloan-

Kettering Cancer Center experience. J Clin Oncol 30(15s):8513

68. Tarhini AA, Edington H, Butterfield LH, Tawbi H, Moschos SJ, Shuai Y, Lin Y, Horak M,

Sarkisian S, Shipe-Spotloe J, Milburn C, Sander C, Johnson TJ, Kirkwood JM (2012)

Neoadjuvant ipilimumab in locally/regionally advanced melanoma: clinical outcome and

immune monitoring. J Clin Oncol 30(15s):8514

69. Van Nuffel AM, Benteyn D, Wilgenhof S, Corthals J, Heirman C, Neyns B, Thielemans K,

Bonehill A (2012) Intravenous and intradermal TriMix-dendritic cell therapy results in a

broad T-cell response and durable tumour response in a chemorefractory stage IV-M1c

melanoma patient. Cancer Immunol Immunother 61:1033–1043

70. Higano CS, Crawford ED (2011) New and emerging agents for the treatment of castration-

resistant prostate cancer. Urol Oncol 29:S1–S8

71. Small EJ, Tchekmedyian NS, Rini BI, Fong L, Lowy I, Allison JP (2007) A pilot trial of

CTLA-4 blockade with human anti-CTLA-4 in patients with hormone-refractory prostate

cancer. Clin Cancer Res 13:1810–1815

72. Fong L, Kwek SS, O’Brien S, Kavanagh B, McNeel DG, Weinberg V, Lin AM, Rosenberg J,

Ryan CJ, Rini BI, Small EJ (2009) Potentiating endogenous antitumour immunity to

prostate cancer through combination immunotherapy with CTLA4 blockade and GM-CSF.

Cancer Res 69:609–615

73. Slovin SF, Beer TM, Higano CS, Tejwani S, Hamid O, Picus J, Harzstark A, Scher HI, Lan Z,

Lowy I (2009) Prostate Cancer Clinical Trials Consortium. Initial phase II experience of

ipilimumab (IPI) alone and in combination with radiotherapy (XRT) in patients with meta-

static castration-resistant prostate cancer (mCRPC). J Clin Oncol 27(15s):5138

74. Drake CG, Scher HI, Bossi A, van den Eertwegh AJM, McHenry B, Fitzmaurice TF,

Cuillerot JM, Chin KM, Gagnier P, Fizazi K, Gerritsen WR (2012) CA184-043: a

randomized, double-blind, phase III trial comparing ipilimumab versus placebo following a

single dose of radiotherapy (RT) in patients (pts) with castration-resistant prostate cancer

(CRPC) who have received prior treatment with docetaxel (D). J Clin Oncol 30(15s):

TPS4689

256 G. Graziani et al.



75. Beer TM, Logothetis C, Sharma P, Bossi A, McHerry B, Fairchild JP, Gagnier P, Chin KM,

Cuillerot JM, Fizazi K, Gerritsen WR (2012) CA184-095: a randomized, double-blind, phase

III trial to compare the efficacy of ipilimumab versus placebo in asymptomatic or minimally

symptomatic patients (pts) with metastatic chemotherapy-naı̈ve castration-resistant prostate

cancer (CRPC). J Clin Oncol 30(15s):TPS4691

76. van den Eertwegh AJ, Versluis J, van den Berg HP, Santegoets SJ, van Moorselaar RJ,

van der Sluis TM, Gall HE, Harding TC, Jooss K, Lowy I, Pinedo HM, Scheper RJ, Stam AG,

von Blomberg BM, de Gruijl TD, Hege K, Sacks N, Gerritsen WR (2012) Combined

immunotherapy with granulocyte–macrophage colony-stimulating factor-transduced allo-

geneic prostate cancer cells and ipilimumab in patients with metastatic castration-resistant

prostate cancer: a phase 1 dose-escalation trial. Lancet Oncol 13:509–517

77. Madan RA, Mohebtash M, Arlen PM, Vergati M, Rauckhorst M, Steinberg SM, Tsang KY,

Poole DJ, Parnes HL, Wright JJ, Dahut WL, Schlom J, Gulley JL (2012) Ipilimumab and a

poxviral vaccine targeting prostate-specific antigen in metastatic castration-resistant prostate

cancer: a phase 1 dose-escalation trial. Lancet Oncol 13:501–508

78. Lynch TJ, Bondarenko I, Luft A, Serwatowski P, Barlesi F, Chacko R, Sebastian M, Neal J,

Lu H, Cuillerot JM, Reck M (2012) Ipilimumab in combination with paclitaxel and

carboplatin as first-line treatment in stage IIIB/IV non-small-cell lung cancer: results from

a randomized, double-blind, multicenter phase II study. J Clin Oncol 30:2046–2054

79. Reck M, Lu H, Gribkoff G, Maier S, McGovern R, Cuillerot JM, Lynch TJ (2012) CA184-

104: randomized, multicenter, double-blind, phase III trial comparing the efficacy of

ipilimumab (Ipi) with paclitaxel/carboplatin (PC) versus placebo with PC in patients (pts)

with stage IV/recurrent non-small cell lung cancer (NSCLC) of squamous histology. J Clin

Oncol 30(15s):TPS4691

80. Spigel DR, Zielinski C, Maier S, de Pril V, Fairchild JP, Cuillerot JM, Reck M (2012)

CA184-156: a randomized, multicenter, double-blind, phase III trial comparing the efficacy

of ipilimumab (Ipi) plus etoposide/platinum (EP) versus EP in subjects with newly diagnosed

extensive-stage disease small cell lung cancer (ED-SCLC). J Clin Oncol 30(15s):TPS7113

81. Yang JC, Hughes M, Kammula U, Royal R, Sherry RM, Topalian SL, Suri KB, Levy C,

Allen T, Mavroukakis S, Lowy I, White DE, Rosenberg SA (2007) Ipilimumab (anti-CTLA4

antibody) causes regression of metastatic renal cell cancer associated with enteritis and

hypophysitis. J Immunother 30:825–830

82. Gartrell BA, Hahn NM, Hutson TE, Sonpavde G, Hauke RJ, Starodub A, Small AC, Tsao CK,

Galsky MD (2012) Phase II trial of gemcitabine and cisplatin plus ipilimumab as first-line

treatment for metastatic urothelial carcinoma. J Clin Oncol 30(15s):TPS4676

83. Carthon BC, Wolchok JD, Yuan J, Kamat A, Ng Tang DS, Sun J, Ku G, Troncoso P,

Logothetis CJ, Allison JP, Sharma P (2010) Preoperative CTLA-4 blockade: tolerability

and immune monitoring in the setting of a presurgical clinical trial. Clin Cancer Res 16:

2861–2871

84. Wolchok JD, Hoos A, O’Day S, Weber JS, Hamid O, Lebbé C, Maio M, Binder M,
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