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Abstract: Approaches aimed at enhancement of the tumor specific response have provided 

proof for the rationale of immunotherapy in cancer, both in animal models and in humans. 

Ipilimumab, an anti-cytotoxic T lymphocyte antigen-4 (CTLA-4) antibody, is a new generation 

immunotherapeutic agent that has shown activity in terms of disease free and overall survival in 

metastatic melanoma patients. Its use was approved by the US Food and Drug Administration in 

March 2011 to treat patients with late stage melanoma that has spread or that cannot be removed 

by surgery. The mechanism of action of CTLA-4 antibodies in the activation of an antitumor 

immune response and selected clinical studies of ipilimumab in advanced melanoma patients 

are discussed. Ipilimumab treatment has been associated with immune related adverse events 

due to T-cell activation and proliferation. Most of these serious adverse effects are associated 

with the gastrointestinal tract and include severe diarrhea and colitis. The relationship between 

immune related adverse events and antitumor activity associated with ipilimumab was explored 

in clinical studies. Potential biomarkers predictive for clinical response and survival in patients 

treated with anti-CTLA-4 therapy are presently under investigation. Besides the conventional 

patterns of response and stable disease as defined by standard Response Evaluation Criteria in 

Solid Tumors criteria, in subsets of patients, ipilimumab has shown patterns of delayed clini-

cal activity which were associated with an improved overall survival. For this reason a new set 

of response criteria for tumor immunotherapy has been proposed, which was termed immune 

related response criteria. These new criteria are presently used to better analyze clinical activity 

of immunotherapeutic regimens. Ipilimumab is currently under investigation in combination 

with other treatments, such as chemotherapy, target agents, radiotherapy, and other immuno-

therapeutic regimens.
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Introduction
Approaches aimed at enhancement of the tumor specific response have provided proof 

for the rationale of immunotherapy in cancer, both in animal models and in humans. 

However, while many immunotherapeutic strategies generated potent and specific 

antitumor activity based on laboratory tests, the achievement of clinically meaningful 

and prolonged objective responses in cancer patients has been rarely observed. One 

reason for these results may be that many molecules identified as therapeutic targets 

in human cancer are self or “self altered” antigens, which may be either aberrantly 

expressed or overexpressed on malignant cells. Overcoming peripheral tolerance to 

these tumor associated targets may be of fundamental importance for the success of 

immune based therapies.1
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Antibodies that are able to target specific antigens on 

the surface of cancer cells have emerged as challenging 

approaches in modern oncology. Trastuzumab, a recombi-

nant humanized monoclonal antibody directed against the 

extracellular domain IV of HER2 (human epidermal growth 

factor receptor, type 2) in breast cancer, and rituximab, which 

binds CD20 on lymphoid cells, have become a mainstay 

in the therapy of HER2 overexpressing breast cancer and, 

respectively, in a variety of B-cell malignancies.2 A chal-

lenging strategy of using antibodies to stimulate the immune 

response was pioneered in the mid 1990s when the role of 

cytotoxic T lymphocyte antigen-4 (CTLA-4) as an inhibitory 

signal for the T-cell response became clearer.3

The role of CTLA-4
The T-cell compartment of adaptive immunity is regu-

lated at multiple levels to prevent inappropriate activation 

(ie, autoimmunity) and the inhibitory activity exerted by 

CTLA-4 represents a crucial checkpoint at the periphery. 

The role of CTLA-4 in the regulation of the T-cell response 

became evident after the generation of specific monoclonal 

antibodies.

Anti-CTLA-4 antibodies enhanced proliferation of T-cells 

activated via anti-CD3 and anti-CD28.4 T-cell proliferation 

was partially inhibited by low levels of B7-2 on freshly 

explanted T-cells and this inhibition was obtained via anti-

CTLA-4, and further, crosslinking of CTLA-4 together with 

the T-cell receptor (TCR) and CD28 strongly inhibited prolif-

eration and interleukin (IL)-2 production.5 Together with the 

finding that anti-B7 antibodies enhanced responses of T-cells 

activated by anti-CD3 along with anti-CD28 antibodies, these 

data suggested that CTLA-4 blockade resulted in removal of 

inhibitory signals.6,7 In vitro, mouse splenocytes stimulated 

with Staphylococcal enterotoxin B resulted in inhibition of 

T-cell responses in the presence of antibodies against B7 or 

Fab fragments of anti-CD28 antibodies and, conversely, in 

increased T-cell responses in the presence of Fab fragments 

of anti-CTLA-4 antibodies. Furthermore, blocking anti-B7 

antibodies along with anti-CD28 antibodies augmented the 

response.8 Finally, the observation that anti-CD28 antibodies 

inhibited, whereas anti-CTLA-4 antibodies enhanced T-cell 

responses in vivo, supported the hypothesis that CD28 and 

CTLA-4 exert opposing effects upon T-cell activation.3,8

Definitive evidence of the role of CTLA-4 in the inhi-

bition of T-cell activation and proliferation came from 

knockout mice. CTLA-4 deficient mice developed a fatal 

lymphoproliferative disorder consisting of a CD28 depen-

dent expansion of autoreactive T-cells in lymph nodes, 

spleen, and nonlymphoid tissues.9 T-cell activation started 

5 to 6 days after birth and the mice died at the age of 

3–4 weeks due to lymphocytic infiltration of nonlymphoid 

tissues and autoimmunity.10–12

Mechanism of action of CTLA-4
CD4+ and CD8+ T-cells are activated by at least two signals 

between T-cells and antigen presenting cells (APCs). The first 

signal consists in the presentation of an antigen to TCR by a 

major histocompatibility complex molecule on an APC. The 

second costimulatory signal is generated by binding of the 

CD28 receptor on T-cells to B7 molecules on APCs.13 The 

activated CD28 receptor engages the same B7 molecules as 

the inhibitory CTLA-4 receptor, although with a reduced 

affinity (from 500 to 2,500 fold). CD28 and CTLA-4 display 

a different pattern of expression on T-cells: while CD28 is 

constitutively expressed on the surface of T-cells, CTLA-4 is 

slightly detectable in conventional naïve T-cells and appears 

upon T-cell activation.3,14

CTLA-4 binding to B7 molecules negatively regulates 

activated T-cells through different mechanisms. In addition 

to this competition with CD28, CTLA-4 can directly inhibit 

TCR signals, reduce IL-2 production and IL-2 receptor 

expression, and regulate cell cycle progression. The final 

result of CTLA-4 activation is the induction of peripheral 

tolerance in antigen specific T-cells, by induction of apoptosis 

or anergy (Figure 1).13–19

Preclinical models of checkpoint 
blockade as tumor immunotherapy
CTLA-4/B7 interaction blockade with anti-CTLA-4 anti-

bodies was shown to induce rejection of transplanted tumor 

cell lines in mouse models of colorectal carcinoma, renal 

carcinoma, lymphoma, prostatic carcinoma, and fibrosar-

coma.20–23 This antitumor activity appeared to be dependent 

on the intrinsic immunogenicity of the transplanted tumor 

cells. The failure of anti-CTLA-4 monotherapy in the less 

immunogenic tumors (eg, B16 melanoma) led to the explo-

ration of the combination of anti-CTLA-4 with vaccination 

approaches.1 Of particular relevance is the observation that 

mice carrying a small load of B16 melanoma cells could be 

successfully treated by combining CTLA-4 blockade with 

a vaccine consisting of irradiated B16 cells engineered to 

produce granulocyte-macrophage colony stimulating factor 

(GM-CSF).24 In the poorly immunogenic B16 murine mela-

noma model, the combination of CTLA-4 blockade/GM-CSF 

producing vaccine induced rejection of subcutaneous and 

metastatic tumors accompanied by autoimmune vitiligo.25 
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This depigmentation, similar to that observed in melanoma 

patients on immunotherapy, suggests that the immune targets 

for these responses can be represented by normally expressed 

differentiation antigens.1

Hurwitz et al reported that the combination of CTLA-4 

blockade and tumor derived GM-CSF resulted in regression 

of parental mammary carcinoma, despite the ineffective-

ness of either treatment alone.26 The same group observed 

that an effective immune response against primary prostate 

cancer in transgenic mice was elicited using anti-CTLA-4 

combined with an irradiated, GM-CSF expressing tumor 

cell vaccine.27 Histopathology revealed that treated mice 

had a lower tumor grade with accumulation of inflam-

matory cells in interductal spaces when treated with the 

combination regimen anti-CTLA-4/vaccine. Vaccination 

of nontransgenic mice with the same therapeutic strategy 

resulted in prostatitis, suggesting that the immune response 

was directed against normal prostate antigens.27 A similar 

synergism was observed in preclinical models combining 

CTLA-4 blockade with xenogeneic DNA, rather than cel-

lular vaccines.28

As for the combination of anti-CTLA-4 and peptide 

vaccines, Davila et al evaluated the role of synthetic 

 oligodeoxynucleotide adjuvants containing unmethylated 

cytosine-guanine motifs (CpG-ODN) and CTLA-4 blockade 

in enhancing the antitumor activity of a synthetic peptide.29 

The combined strategy increased survival of B16 melanoma 

transplanted mice and was accompanied by the induction of 

antitumor CD4+ T-cell responses.29

Pharmacodynamics and immunity 
stimulation
CTLA-4 is inducibly expressed on activated effector CD4+ 

and CD8+ T-cells and is constitutively expressed on a sub-

set of regulatory T-cells (Tregs). Two main mechanisms 

are involved in the CTLA-4 blockade induced antitumor 

response. On one hand, CTLA-4 acts on activated T-cells to 

oppose the costimulatory signal provided by the CD28/B7 

interaction. This intrinsic model is supported by both in vitro 

and in vivo observations that CD4+ and CD8+ cells that do 

not express CTLA-4 have a higher proliferative capacity.30–32 

The second mechanism is via depletion of tumor induced 

B7
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MHC/Ag

APC Naïve
T-cell

Activated
T-cell

IPI
CTLA-4

Inhibited
T-cell

Treg cell

B7
IPI

CTLA-4
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Figure 1 T-cells are activated by at least two signals between the T-cell and an antigen presenting cell.
Notes: The first signal consists of the presentation of an antigen to the T-cell receptor by the major histocompatibility complex class I or II molecules on an antigen 
presenting cell. The second costimulatory signal is generated by binding of the CD28 receptor on the T-cell to B7 molecules on the antigen presenting cell. Upregulation of 
cytotoxic T lymphocyte antigen-4 (CTLA-4), which follows T-cell activation, outcompetes with CD28 for binding to B7 ligands and activates inhibitory signals that turn the 
activated T-cell into an inhibited T-cell. Ipilimumab, an anti-CTLA-4 antibody, blocks CTLA-4 receptor binding with B7 ligands and allows the T-cell to remain in an activated 
state, thus enhancing T-cell activity. The second mechanism involved in the CTLA-4 blockade antitumor response is via depletion of tumor induced regulatory T-cells, a 
suppressive CD4+ T-cell population with an immunosuppressive activity. The green arrow represents stimulation and the red arrow represents inhibition.
Abbreviations: Ag, antigen; APC, antigen presenting cell; CTLA-4, cytotoxic T lymphocyte antigen-4; IPI, ipilimumab; MHC, major histocompatibility complex; TCR, T-cell 
receptor; Treg, regulatory T-cells.
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Tregs, a suppressive CD4+ T-cell population that expresses 

CD25 (the high affinity IL-2α receptor subunit) and produces 

 immunosuppressive cytokines (eg, IL-10), which inhibit the 

immune response to tumor associated antigens (Figure 1).1

The relative contribution of CD4+ and CD8+ effector 

T-cell versus Treg cell compartments to mediate the effects 

of CTLA-4 blockade is currently under investigation. In an 

in vivo model of mouse melanoma expressing human instead 

of mouse CTLA-4, Peggs et al evaluated the independent con-

tributions of CTLA-4 blockade of each T-cell  compartment.33 

Although blockade of effector T-cells significantly improved 

tumor protection, blockade of only Treg cells failed to 

enhance antitumor responses. Concomitant blockade of both 

effector and Treg cells led to maximal antitumor activity, 

suggesting that the association of enhancement of effector 

T-cell activity and concomitant inhibition of Treg function is 

essential for the therapeutic effects of CTLA-4 blockade.33

Clinical data for anti-CTLA-4 
antibodies
CTLA-4 blockade has been shown to be clinically effective 

in combination with different therapeutic modalities, from 

chemotherapy to radiotherapy. Different mechanisms may 

account for the enhancement of the immune response in 

combination with CTLA-4 blockade, including reduction of 

tumor burden, increased availability of tumor antigens, and 

upregulation of costimulatory molecules. When translated to 

the clinic, treatment with anti-CTLA-4 antibodies resulted in 

objective tumor responses in a subset of metastatic melanoma 

and other cancer patients.1

Two CTLA-4 antibodies have been tested in clinical 

trials on patients with metastatic melanoma. Ipilimumab 

(MDX010) is an IgG1 antibody with a plasma half-life of 

12–14 days. Tremelimumab (CP-675,206) is an IgG2 anti-

body with a plasma half-life of 22 days.34

Clinical data for tremelimumab
In the first Phase I trial with tremelimumab, 39 patients with 

solid malignancies (melanoma, N=34; renal cell cancer, N=4; 

colon cancer, N=1) received intravenous tremelimumab at 

seven dose levels.35 Dose limiting toxicities and autoimmune 

phenomena included diarrhea, dermatitis, vitiligo, hypopi-

tuitarism, and hyperthyroidism. Two complete responses 

and two partial responses (maintained .25 months) were 

recorded among 29 patients with measurable disease. 

 Objective tumor responses of metastatic melanoma were 

noted in a subset of patients starting at the dose of 3 mg/kg 

and were more frequent at 15 mg/kg.35

In a Phase I/II trial, 28 patients with metastatic mela-

noma received monthly infusion of tremelimumab at 3, 6, 

or 10 mg/kg for up to 12 months.36 During Phase II, 89 patients 

received tremelimumab 10 mg/kg every month or 15 mg/kg 

every 3 months. No dose limiting toxicity was observed in 

Phase I. In Phase II, 8 (10%) of 84 patients experienced objec-

tive antitumor responses: the best overall objective response 

was one complete response and three partial responses in each 

dosing regimen and most responses were durable for a dura-

tion of up to .30 months. The results of this study suggested 

that the 15 mg/kg every 3 month schedule was preferred based 

on lower toxicity while maintaining tumor response.36

A large randomized controlled Phase III clinical trial on 

665 metastatic melanoma patients comparing tremelimumab 

(15 mg/kg every 3 months) with dacarbazine or temozolo-

mide recorded a median overall survival of 11.7 months 

with tremelimumab versus 10.7 months for conventional 

chemotherapy, without a statistically significant difference.35 

The proportion of partial responses was similar in the two 

groups (1.5% versus 1.8%).

Clinical data for ipilimumab
Phase I/II studies
Ipilimumab was used in several Phase I clinical trials in 

different tumor types, including prostate cancer, ovarian 

carcinoma, renal carcinoma, and melanoma. Based on pre-

clinical data the initial dose of 3 mg/kg was chosen. Dose 

limiting toxicities were observed in dose escalation trials but 

a maximum tolerated dose was not established.37–39

Forty-six pretreated, HLA-A0201 negative metastatic 

melanoma patients received ipilimumab at the dose of 

3 mg/kg (N=23) or 5 mg/kg (N=23), then the dose was 

escalated to a maximum of 9 mg/kg. Sixteen patients (35%) 

experienced grade 3/4 autoimmune toxicity and five patients 

(11%) had a partial response according to Response 

 Evaluation Criteria in Solid Tumors (RECIST) criteria after 

receiving the drug at 9 mg/kg.39

In a Phase I/II study on 88 advanced melanoma patients, 

single doses of ipilimumab up to 20 mg/kg, or multiple 

doses up to 5 mg/kg, or multiple doses up to 10 mg/kg were 

administered.40 Although a maximum tolerated single dose 

was not established, multiple dosing at 10 mg/kg resulted in 

better objective responses and durable stable diseases than 

was observed in the single high dose group.40

In 2008, Hodi et al reported the data on clinical and 

immunologic effects of anti-CTLA-4 antibodies after vac-

cination with irradiated, autologous tumor cells engineered to 

secrete GM-CSF (GVAX) in advanced melanoma and ovarian 
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cancer.41 In contrast to other more intensive regimens, no 

grade 3/4 toxicities were observed in the melanoma cohort. 

By standard RECIST, three patients had a partial response. 

Biopsies of metastatic lesion were performed in six mela-

noma patients and revealed minimal to extensive tumor 

necrosis. All samples with extensive tumor necrosis contained 

a dense CD8+ cell infiltrate. Tumor necrosis was inversely 

related to the number of intratumoral FoxP3+ Treg cells 

(P,0.0001) and linearly related to the natural logarithm of 

the ratio of infiltrating CD8+/FoxP3 Treg cells (P,0.0001), 

corroborating other observations that the combination treat-

ment of GVAX and anti-CTLA-4 in B16 murine melanoma 

modulated the balance of antitumor CD8+ and Treg cells.27 

Two of nine ovarian cancer patients developed a grade 3 gas-

trointestinal toxicity and an objective response was observed 

in four patients (one partial response and three stable disease). 

Although only a small number of patients was recruited, the 

results of this study suggested that the combined treatment 

with immune stimulating agents may enhance the antitumor 

activity exerted by anti-CTLA-4 antibodies.41

Recently, data regarding the combination of ipilimumab 

with nivolumab, an antibody against the programmed death 

1 receptor, were published by Wolchok et al.42 Nivolumab 

had already shown durable tumor regression in a Phase I 

trial.43 In the Phase I trial by Wolchok et al,42 successive 

cohorts of advanced melanoma patients were treated with 

escalating doses of intravenous nivolumab and ipilimumab 

administered concurrently every 3 weeks for four doses, 

followed by nivolumab alone every 3 weeks for four doses 

(concurrent regimen group). The combined treatment was 

subsequently administered every 12 weeks for up to eight 

doses. In a sequenced regimen, patients previously treated 

with ipilimumab received nivolumab every 2 weeks for up to 

48 doses. A total of 53 patients received concurrent therapy 

with nivolumab and ipilimumab, and 33 received sequenced 

treatment. The objective response rate for all patients in 

the concurrent regimen group was 40%. Evidence of clini-

cal activity was observed in 65% of patients. Grade 3 or 4 

adverse events related to therapy were recorded in 53% of 

patients in the concurrent regimen group. Among patients in 

the sequenced regimen group, 18% experienced grade 3 or 4 

adverse events related to therapy and the objective response 

rate was 20% (Table 1). 42

Phase II studies
In a Phase II clinical trial, 217 pretreated, unresectable stage 

III/IV melanoma patients were randomly assigned to receive 

0.3 (N=73), 3 (N=72), or 10 (N=72) mg/kg ipilimumab every 

3 weeks four times, then every 3 months until progression.44 

A dose dependent effectiveness in the clinical activity was 

recorded with the dose of 10 mg/kg showing a best overall 

response rate (complete and partial responses) of 11.1%. 

Table 1 Selected Phase I and II clinical studies with ipilimumab in melanoma patients

Phase Number of  
patients

Regimen and arms Response Criteria Author Reference

I 46 Ipilimumab 3–9 mg/kg, with  
intrapatient dose escalation

5 PR (11%) ReCIST Maker et al 39

I/II 88 Group A, ipilimumab single  
dose: up to 20 mg/kg

1 PR, 3 SD ReCIST weber et al 40

Group A, ipilimumab multiple  
doses: up to 5 mg/kg

1 PR, 4 SD

Group B, ipilimumab multiple  
doses up to 10 mg/kg

1 PR, 1 CR, 7 SD

I 11 3 mg/kg + GvAX 3 PR, 5 SD ReCIST Hodi et al 41

II 217 Ipilimumab 0.3 mg/kg 10 SD (BORR 0%) ReCIST wolchok et al 44
Ipilimumab 3 mg/kg 3 PR, 16 SD (BORR 4.2%)
Ipilimumab 10 mg/kg 2 CR, 6 SD, 13 SD (BORR 11.1%)

II 155 Ipilimumab 10 mg/kg 5 PR, 33 SD (BORR 5.8%) ReCIST O’Day et al 45
II 115 Ipilimumab 10 mg/kg + budesonide 1 CR, 6 PR (BORR 12%) ReCIST weber et al 46

Ipilimumab 10 mg/kg + placebo 0 CR, 9 PR (BORR 16%)

II 72 Ipilimumab 10 mg/kg 0 CR, 6 PR, 4 SD (mwHO),  
9 SD (irRC)

mwHO,  
irRC

Margolin et al 48

II 86 Ipilimumab 10 mg/kg +  
fotemustine 100 mg/m2

6 irCR, 19 irPR, 15 irSD,  
40 irDC (46.5%)

irRC Di Giacomo  
et al

49

Abbreviations: BORR, best overall response rate; CR, complete response; GVAX, autologous tumor cells engineered to secrete granulocyte-macrophage colony stimulating factor; 
irCR, immune related complete response; irDC, immune related disease control; irPR, immune related partial response; irRC, immune related response criteria; irSD, immune related 
stable disease; mWHO, modified World Health Orga nization criteria; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.
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Although the study design had no power to detect differences 

in overall survival, a positive trend for both overall survival 

and progression free interval was noted for ipilimumab at 

the highest dose.44 This was the first randomized clinical 

trial to evaluate the dose responsiveness of ipilimumab. The 

most common grade 3–4 adverse events were gastrointestinal 

immune related adverse events (irAEs) (eleven in the 10 mg/

kg group and two in the 3 mg/kg group) and diarrhea.

Another Phase II study evaluated the safety and activ-

ity of ipilimumab in previously treated patients with stage 

III (unresectable)/stage IV melanoma. Patients (N=155) 

received ipilimumab at the dose of 10 mg/kg every 3 weeks 

for four cycles followed by maintenance therapy every 

3 months.45 The best overall response rate was 5.8% (five 

partial responses, no complete response) with 1- and 2-year 

survival rates of 47.2% and 32.8%. Even if this study was not 

designed to show an improvement in overall survival, encour-

aging survival outcomes were observed. Adverse events were 

mainly irAEs involving the skin and gastrointestinal tract.45

A third Phase II study was a randomized study in which 

115 untreated and previously treated patients received ipili-

mumab at the dose of 10 mg/kg, every 3 weeks for four doses, 

with and without prophylactic budesonide.46 The best overall 

response rate ranged from 12.7% (ipilimumab plus budes-

onide group) to 15.8% (ipilimumab plus placebo group), 

and the median overall survival was 17.7 and 19.3 months, 

respectively. Budesonide did not significantly affect the inci-

dence of grade $2 diarrhea.46 Follow-up analyses of Phase II 

trials in patients with advanced melanoma showed a 1-year 

survival rate of around 25.5%.47

An open-label Phase II trial prospectively evaluated 

ipilimumab activity in patients with active melanoma brain 

metastases.48 Patients received four doses of 10 mg/kg of ipili-

mumab every 3 weeks. Seventy-two patients were stratified 

into two groups: those in arm A (N=51) were neurologically 

asymptomatic and were not receiving corticosteroids at the 

beginning of the study and patients in arm B (N=21) were 

symptomatic and on a stable dose of steroids. Results sug-

gested that ipilimumab had a similar level of activity both 

in brain and in noncentral nervous system metastases with 

a disease control rate of 24% and 27%, respectively, for the 

patients in arm A.48 Responses in the brain were durable, with 

a median duration .15 months.17

In the NIBIT-M1 Phase II trial, 86 patients with unresect-

able stage III/IV melanoma received ipilimumab 10 mg/kg 

every 3 weeks for four doses and fotemustine 100 mg/m2 

weekly for 3 weeks and, and subsequently every 3 weeks.49 

Patients with a confirmed clinical response were eligible for 

maintenance treatment from week 24, with ipilimumab every 

12 weeks and fotemustine every 3 weeks. To note, 20 patients 

had asymptomatic brain metastases at baseline. Forty patients 

achieved disease control (46.5%, 95% confidence interval 

[CI]: 35.7–57.6), as did ten patients with brain metastases 

(50%). After a median follow-up of 8.3 months, median pro-

gression free survival was 5.3 months (95% CI: 3.5–7.1) and 

the 1-year overall survival was 51.8% (95% CI: 37.5–66.1). 

Forty-seven patients (55%) had grade 3 or 4 treatment related 

adverse events, of which the most common was myelotoxic-

ity (Table 1).49

Phase III studies
The most promising results for ipilimumab were published 

by Hodi et al in 2010.50 In this Phase III study, ipilimumab 

administered with or without a glycoprotein 100 (gp100) 

peptide vaccine was compared with gp100 alone in previ-

ously treated advanced melanoma patients. A total of 676 

HLA-A0201 positive patients with unresectable stage III/IV 

melanoma were randomly assigned to receive ipilimumab 

plus gp100 (N=403), ipilimumab alone (N=137), or gp100 

alone (N=136). In the induction phase, ipilimumab at 3 mg/kg 

was administered with or without gp100 every 3 weeks for 

up to four treatments. Eligible patients could receive rein-

duction therapy. The primary endpoint was overall survival. 

The median overall survival was 10.0 months for patients 

receiving ipilimumab plus gp100 and 6.4 months for patients 

receiving gp100 alone (hazard ratio for death 0.68; P,0.001). 

The median overall survival with ipilimumab alone was 

10.1 months (hazard ratio for death in comparison with gp100 

alone 0.66, P=0.003). No difference in overall survival was 

detected between the ipilimumab groups. Grade 3 or 4 irAEs 

occurred in 10%–15% of patients treated with ipilimumab 

and in 3% of those treated with gp100 alone. Fourteen deaths 

related to the study drugs (2.1%) were recorded, and seven 

were associated with irAEs. The authors concluded that ipili-

mumab, with or without gp100, when compared with gp100 

alone, improved overall survival in patients with previously 

treated metastatic melanoma.50

Remarkably, about 70% of patients enrolled in this trial 

had M1c stage (with pretreated central nervous system 

metastases not being an exclusion criteria), and 37% had 

elevated serum lactic dehydrogenase (LDH) levels.50 All 

these factors, considered predictors of poor survival, did 

not seem to affect patients’ response rates.17,34 The survival 

kinetics showed a delayed separation for overall survival 

curves, which was consistent with a building cellular immune 

response followed by changes in tumor burden and overall 
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survival.51 Even though the study did not include a mainte-

nance dosing phase, ipilimumab reinduction was evaluated. 

Patients (N=40) showing a confirmed objective response or 

stable disease $3 months were reinduced with additional 

courses of anti-CTLA-4 following disease progression, with 

a disease control rate of up to 67%.52

In the study by Hodi et al, patients were selected for 

HLA-A0201 positive status based on the mechanism of 

action of gp100.50 However, the activity of anti-CTLA-4 

antibody may be independent of HLA-A0201status, given 

that anti-CTLA-4 targets the TCR-major histocompatibility 

complex I/II checkpoint.17 An unconventional aspect of the 

study by Hodi et al is that the control arm did not consist of 

dacarbazine treated patients, as was the case in previous clini-

cal Phase III trials, but instead was a vaccine treated group. 

Indeed, the best overall response rate was higher in the anti-

CTLA-4 group than in the combination group (anti-CTLA-4 

plus gp100). However, the combination group did perform 

better than the group receiving the vaccine alone, suggesting 

that it is unlikely that the vaccine could have been harmful in 

the study by Hodi et al.50 This observation was further cor-

roborated by recent results from another Phase III study on 

185 HLA-A0201stage IV or advanced stage III melanoma 

patients who were randomly assigned to receive IL-2 alone 

or gp100:209–217(210M) plus incomplete  Freund’ adjuvant 

(Montanide ISA-51) plus IL-2.53 The vaccine/IL-2 group had 

a significant improvement in overall clinical response (16% 

versus 6%, P=0.03) and a longer progression free and median 

overall survival, when compared with the IL-2 group.53 

Although, in the study by Hodi et al,50 the difference in the 

median overall survival in the two groups receiving anti-

CTLA-4 versus the gp100 alone group was only 4 months, the 

true impact of the anti-CTLA treatment was in the long-term 

benefit which was observed in a subset of patients.2

Long-term follow-up data of responder patients were 

recently reviewed. Prieto et al evaluated 177 melanoma 

patients treated with ipilimumab in three clinical trials from 

2002 to 2005.51 In protocol 1, 56 patients received ipilimumab 

with gp100 peptides. In protocol 2, 36 patients received 

ipilimumab with IL-2. In protocol 3, 85 patients received 

ipilimumab with intrapatient dose escalation and were 

randomized to receive gp100 peptide. Long-term follow-up 

showed that the median survival was 14 months for protocol 

1 (median follow-up 92 months; 5-year survival rate 13%), 

16 months for protocol 2 (median follow-up 84 months; 

5-year survival rate 25%), and 13 months for protocol 3 

(median follow-up 71 months; 5-year survival rate 23%). 

These results were consistent with durable tumor regressions 

(past 6 years) induced by CTLA-4 blockade in subsets of 

metastatic melanoma patients and highlighted the importance 

of identifying valuable markers to predict this outcome.54

In 2011 the results of a second Phase III trial on 502 

patients with previously untreated metastatic melanoma were 

published by Robert et al.55 Patients were randomly assigned 

to ipilimumab (10 mg/kg) plus dacarbazine (850 mg/m2) or 

dacarbazine (850 mg/m2) plus placebo. Treatment was given 

every 3 weeks for four cycles and followed by dacarbazine 

alone through week 22. Responding patients (stable disease 

or objective response) could receive ipilimumab or placebo 

every 3 months as maintenance therapy. Overall survival 

was significantly longer in the ipilimumab plus dacarba-

zine group than in the dacarbazine plus placebo group 

(11.2 months versus 9.1 months, respectively), with higher 

survival rates in the ipilimumab plus dacarbazine group at 

1, 2, and 3 years (hazard ratio for death, 0.72; P,0.001). 

Grade 3 and 4 adverse events occurred in 56.3% of patients 

in the ipilimumab plus dacarbazine group compared with 

27.5% treated with dacarbazine and placebo (P,0.001). 

The most common study drug adverse events were those 

classified as irAEs, and were observed in 77.7% of patients 

in the ipilimumab plus dacarbazine arm. The most common 

grade 3 or 4 irAEs were immune mediated hepatitis, and were 

observed in 78 patients in the ipilimumab plus dacarbazine 

group (31.6%). Grade 3 or 4 immune mediated colitis was 

observed in 12 patients in the ipilimumab plus dacarbazine 

arm (4.9%). No gastrointestinal perforations were reported. 

No drug related deaths were reported in the ipilimumab plus 

dacarbazine group. To note, more than 50% of patients had 

visceral metastases, elevated LDH levels, or both. Durable 

objective responses were recorded with a median duration 

of best overall response of 19.3 months in the ipilimumab 

plus dacarbazine group compared to 8.1 months in the dac-

arbazine group. In the ipilimumab plus dacarbazine group, 

an estimated 28.5% of patients were alive at 2 years and 

20.8% at 3 years (versus 17.9% and 12.2%, respectively, in 

the dacarbazine group).55

In March 2011, ipilimumab became the first drug to 

receive Food and Drug Administration approval to treat 

patients with late stage melanoma that has spread or that 

cannot be removed by surgery.56

Current trials with ipilimumab
Combinations of ipilimumab with other therapeutic 

approaches are currently under investigation in several clini-

cal trials. Phase II studies evaluating toxicity and efficacy of 

ipilimumab combined with chemotherapy (ie,  dacarbazine, 
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carboplatin plus paclitaxel), or immunotherapy (ie, BCG 

[Bacillus of Calmette-Guèrin], dendritic cell vaccine, 

interferon α-2b), or radiotherapy are currently recruiting 

patients.57 New target therapies, such as vemurafenib, a 

BRAF inhibitor, were tested in combination with ipilimumab, 

either as combined or sequential treatments, but no published 

data are available as yet on toxicity and outcome of such a 

combination. An ongoing study aims at the evaluation of ipili-

mumab as monotherapy in the adjuvant setting for resected, 

high risk stage III melanoma patients (CA184-029).17

Immune related response criteria
In Phase II studies aimed at evaluating the effect of a 

drug without a concurrent control group, the objective 

response was the most frequently used primary endpoint.58 

 Nevertheless, objective response criteria according to World 

Health Organization (WHO) or RECIST were developed to 

define the effects of chemotherapy; therefore, they may not 

be adequate for agents with other mechanisms of action, 

ie, antiangiogenic drugs, cytokines, or immunomodulating 

agents. Besides the conventional patterns of partial/complete 

response and stable disease (decrease or stability in target 

lesion dimensions, without appearance of new lesions), ipili-

mumab has also shown activity after an increase in tumor 

burden, as demonstrated in specimens of regressing tumors 

during therapy with anti-CTLA-4.51 These tumors became 

infiltrated with CD8+ lymphocytes, leading to tumor cell 

killing and eventual regression of metastases, detectable by 

objective response criteria.41,59 This delayed, radiologically 

assessed, clinical activity may reflect the dynamics of the 

immune system.51

In 2009, a new set of response criteria for tumor immu-

notherapy was proposed, which was termed immune related 

response criteria (irRC).60 The irRC were derived from the 

WHO and RECIST criteria and were defined on the basis of 

the results from Phase II studies with ipilimumab.17 Four dis-

tinct response patterns were described: immediate response, 

durable stable disease, response after tumor burden increase, 

and response in the presence of new lesions. All these patterns 

were associated with an improved overall survival compared 

to patients with progressive disease as assessed by standard 

criteria. While the first two patterns are conventional, the lat-

ter two are specifically recognized with immunotherapeutic 

agents and may identify potential subsets of responding 

patients who otherwise would be considered progressive 

disease according to standard criteria. In particular, the use of 

irRC may avoid early discontinuation of immunotherapeutic 

regimens in patients who may eventually benefit from treat-

ment, ie, those patients where tumor infiltration may mimic 

a progressive disease.51,60

irAEs
Vitiligo in mice treated with anti-CTLA-4 antibodies in 

combination with a GM-CSF expressing tumor cell vaccine 

evidenced the ability of CTLA-4 blockade to break periph-

eral immune tolerance.27 Histological evaluation of depig-

mented lesions revealed infiltration of polymorphonuclear 

cells and deposition of antibody.61 Prostatitis in a prostate 

cancer model was also observed.26 In early clinical studies 

“autoimmunity” adverse events (ie, dermatitis, enterocolitis, 

hepatitis, uveitis, hypophysitis, thyroiditis) consistent with 

anti-CTLA-4 dependent breaking tolerance to self antigens 

were reported.38,62 These unique side effects of CTLA-4 

blockade were associated with prolonged survival in patients 

with metastatic melanoma and were later termed irAEs.37 

Even if in most cases irAEs were reversible in clinical trials 

with ipilimumab, irAEs may be severe and life threatening. 

Grade 3/4 diarrhea/colitis was the most frequently reported 

adverse event in clinical trials and in a few cases resulted in 

death due to bowel perforation.17,34 In one Phase III clinical 

trial,17 grade 3/4 irAEs occurred in 10%–15% of patients 

treated with anti-CTLA-4 antibodies and 14 deaths related to 

the study drugs were reported. Of these, seven were associ-

ated with irAEs. Four of these seven patients died of bowel 

perforation.17,50

Grade 3/4 irAEs must be treated with high dose corticos-

teroids and other immunosuppressive therapies in the most 

severe cases. Corticosteroids used to treat irAEs do not appear 

to affect the efficacy of anti-CTLA-4 therapy.63

The relationship between irAEs and antitumor activ-

ity associated with anti-CTLA-4 therapy was explored in 

clinical studies. A higher frequency of these toxicities, and 

especially grade 3/4 irAEs, was observed in responding 

patients.38,63 In the double blind, placebo controlled, Phase II 

study by Weber et al, the disease control rate was higher in 

patients with grade 3/4 irAEs than in patients with grade 0/2 

irAEs, although many patients with grade 1/2 irAEs also 

experienced a clinical benefit.46 Nonetheless, data from other 

trials or pooled analyses were not conclusive and so far, the 

relationship between severity of irAEs and clinical response 

to anti-CTLA-4 therapy is not definitive.

Potential biomarkers for clinical 
response and survival
In a single institution experience, 53 advanced melanoma 

patients received ipilimumab 10 mg/kg every 3 weeks 
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for four doses.64 Patients with an absolute lymphocyte 

count (ALC) $1,000 cells/µL after two anti-CTLA-4 

doses had a significantly improved clinical benefit rate 

(51% versus 0%; P=0.01) and median overall survival 

(11.9 versus 1.4 months; P,0.001) when compared with 

those with an ALC ,1,000 cells/µL.64 The rationale for the 

correlation between ALC and antitumor effect may reflect 

the immunologic activity of ipilimumab. Presumably, an 

ALC value of 1,000 cells/µL represents a threshold for the 

immune system to be adequately stimulated by ipilimumab 

to mediate objective responses. Further investigations are 

needed to confirm if ALC represents a biomarker for tumor 

response to help identify patients who may not benefit from 

anti-CTLA-4 therapy.64

Interestingly, other well known prognostic factors in 

advanced melanoma, such as serum LDH level, do not seem 

to impact on clinical benefit in patients under anti-CTLA-4 

therapy.50

In a pooled analysis of four Phase II trials, peripheral 

blood lymphocyte subsets were analyzed from 35 advanced 

melanoma patients receiving ipilimumab 10 mg/kg every 3 

weeks for four doses.65 Patients could receive a maintenance 

treatment in case of disease control. Interestingly, increased 

CD8+ T-cells were associated with improved clinical out-

come, while absolute change in CD4+ CD25+ T-cells did not 

seem to differ among the clinical outcome groups.65

In a recent report of a Phase II trial, 75 stage IIIC/IV, 

surgically rendered free of disease, melanoma patients 

received ipilimumab either at 3 mg/kg (N=25) or 10 mg/kg 

(N=50) every 6–8 weeks for 12 months.66 Eligible patients 

received further maintenance treatments. In HLA-A0201 

positive patients, anti-CTLA-4 infusions were combined 

with subcutaneous injections of a multipeptide vaccine 

containing tyrosinase, gp100, and Mart-1. Interestingly, 

patients whose baseline C-reactive protein (CRP) level was 

2 mg/L or greater had a significantly improved freedom 

from relapse. These results were in contrast with a previous 

study by Marshall et al who performed blood analyses from 

525 patients in a randomized Phase III trial comparing a 

different CTLA-4 blocking antibody, tremelimumab, versus 

dacarbazine or temozolomide in patients with advanced 

melanoma. In this study, patients with a low baseline CRP 

(#1.5 times the upper normal limit) experienced an improved 

overall survival, while patients with higher baseline level of 

CRP apparently did not benefit from tremelimumab when 

compared to chemotherapy.66

In a randomized, double blind, Phase II study aimed at 

identifying biomarkers of response and toxicity in advanced 

melanoma patients, 82 patients were induced with ipili-

mumab either at 3 or 10 mg/kg, every 3 weeks, for four doses 

and could receive maintenance therapy from week 24.67 

Candidate biomarkers were evaluated in tumor biopsies 

collected before treatment started and up to 72 hours after 

the second dose of ipilimumab. Immunohistochemistry 

and histology on tumor biopsies revealed significant asso-

ciations between clinical outcome and high baseline levels 

of FoxP3 (P=0.0014) and indoleamine 2,3-dioxygenase 

(P=0.0012), and between clinical activity and increase in 

tumor infiltrating lymphocytes within 3 weeks after the first 

administration (P=0.005). Microarray analysis of mRNA 

from tumor samples obtained pre- and post-treatment 

showed significantly increased expression of several immune 

related genes (immunoglobulins, granzyme B, perforin-1, 

granulysin, CD8 beta-subunit, and TCR-α and -β subunits) 

and decreases in expression of genes implicated in tumor 

progression (tyrosinase-related protein-2).67 Interestingly, 

FoxP3 is expressed by immunosuppressive Tregs, which 

play a major role in suppression of the immune response in 

the tumor microenvironment. Indoleamine 2,3-dioxygenase 

is an immune regulatory enzyme exerting a pro-apoptotic 

activity on T-cells as well as melanoma cells.17,68 The prog-

nostic significance of tumor infiltrating lymphocytes has been 

associated with a favorable prognosis both in melanoma and 

other cancer types.69

Another important biomarker may be the expression on 

the inducible costimulator (ICOS) molecule, a member of the 

immunoglobulin gene family, on T-cells.70 ICOS was associ-

ated with clinical outcome in a small cohort of patients with 

localized urothelial carcinoma treated with ipilimumab in a 

preoperative setting and the ICOS (inducible costimulator)/

ICOSL pathway was found to be necessary for the optimal 

therapeutic effect of anti-CTLA-4.71,72

Conclusion
Ipilimumab is a new generation immunotherapeutic agent 

that has shown activity in terms of disease free and over-

all survival in metastatic melanoma patients. Ipilimumab 

was approved by the Food and Drug Administration in 

March 2011 to treat patients with late stage melanoma that 

has spread or that cannot be removed by surgery. In July 2011, 

the  European Commission approved ipilimumab for the treat-

ment of adult patients with advanced melanoma as second 

line treatment at the dose of 3 mg/kg. Ipilimumab has not 

yet been approved as maintenance therapy, but patients who 

have progressed after an initial benefit may be retreated if 

clinically indicated.
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Ipilimumab treatment has been associated with severe 

irAEs due to T-cell activation and proliferation. Most of these 

serious adverse effects are associated with the gastrointestinal 

tract and include severe diarrhea and colitis. Some cases of 

deaths have been reported, most frequently due to bowel 

perforation. These unique side effects of CTLA-4 blockade 

were sometimes associated with prolonged survival.

Because patients on anti-CTLA-4 therapy may experience 

delayed responses or durable stable disease after an initial 

apparent disease progression (due to tumor T-cell infiltra-

tion and inflammation), irRC is now used to better analyze 

additional responses that would otherwise be classified as 

progressive disease according to RECIST or WHO criteria. 

The introduction of irRC may avoid early discontinuation of 

immunotherapeutic regimens in patients who may eventually 

benefit from treatment.

An open issue concerns the optimal dose of ipilimumab, 

with the dose of 10 mg/kg being presently underway in clinical 

trials. Data on markers predictive for benefit from treatment 

with ipilimumab are still not known. An increase in ALC may 

be a marker of immune stimulation and occurrence of immune 

related reactions may accompany clinical effectiveness. 

Ipilimumab is currently under investigation in combination 

with other treatments, such as chemotherapy, target agents, 

radiotherapy, and other immunotherapeutic regimens.73
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