
14 COMMUNITY ONCOLOGY ■ March 2008 www.CommunityOncology.net

R 
esults from animal studies exam-
ining the mechanism of antitumor 
immune responses indicate that T 
lymphocytes have a key role in me-
diating tumor regression. Thus, the 

suboptimal efficacy of immune therapies is likely 
related to inadequate activation and expansion of 
tumor-specific T-cell responses, suboptimal T-cell 
function (eg, inability to traffic to tumor; low affin-
ity for target antigens; tumor microenvironmental 
interactions that decrease their activity), or loss of 
recognition molecules by the tumor. 

New approaches to cancer immunotherapy are 
emerging based on an evolving understanding of 
normal and pathologic immune responses at the 
molecular level and specific interactions that occur 
between growing tumors and the host immune re-
sponse (Table 1). The control of T-lymphocyte acti-
vation and regulation is better defined. This knowl-
edge has allowed the development of new agents 
and approaches to broaden, expand, and increase 
the effectiveness of T-cell immune responses against 
cancer. In part, this new knowledge forms the ba-
sis for development of more sophisticated cancer 
vaccines to induce tumor-specific T-cell responses. 
There is an increasing consensus that cancer vac-
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cines alone will not be sufficient to treat melanoma 
in most patients, including those with residual mi-
crometastatic disease after surgery. This finding is 
due to natural regulatory mechanisms that limit the 
magnitude of induced T-cell responses and tumor-
related dampening of T-cell effector function. 

The greatest optimism for advances in the im-
munotherapy of melanoma comes from the intro-
duction of new agents and approaches that block 
or bypass the aforementioned regulatory mech-
anisms and tumor-related immunosuppressive 
mechanisms. Preclinical studies indicate that an-
titumor immune responses can be more powerful 
when agents are combined rationally. This article 
reviews the rationale and data supporting select-
ed promising new immunotherapeutic approaches 
for the treatment of metastatic melanoma. Poten-
tial combination strategies are discussed, including 
combinations of distinct agents as well as adoptive 
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immunotherapy with tumor antigen-
specific T cells. 

Because of the complexity of the 
immune system and the presence of 
the molecular immunologic target on 
multiple cell types (with potentially 
different downstream effects that are 
cell-type specific), the predominant 
mechanism for an individual agent’s 
antitumor activity often cannot be 
determined with certainty. For ex-
ample, the ligand for a T-cell receptor 
that is targeted by an antibody may 
be present on both tumor and anti-
gen-presenting dendritic cells (DCs). 
Blocking the receptor may affect both 
T-cell activation and interactions be-
tween tumor and infiltrating effector 

T cells. No attempt is made to group 
agents by specific mechanisms in 
this article because of the potentially 
broad actions of most agents. 

Anti-CTLA4 (ipilimumab, 
tremilimumab)

CTLA4 (cytotoxic T-lymphocyte–
associated antigen 4) is a homolog of 
the T-cell surface molecule CD28. 
Binding of CD28 to ligands from the 
B7 family expressed on the surface of 
antigen-presenting cells (APCs) is 
one of two signals essential for T-cell 
activation and differentiation to ef-
fector function.1,2 In contrast, binding 
of CTLA4 to the same ligands inhib-
its or dampens the T-cell response. 

Critical evidence pointing to the key 
role of CTLA4 in maintaining toler-
ance was provided by studies in which 
CTLA4 knockout mice developed a 
lethal lymphoproliferative disorder, 
characterized by progressive accumu-
lation of activated T-cell blasts in crit-
ical organs.3 Leach et al first demon-
strated that in vivo administration of 
anti-CTLA4 antibodies led to rejec-
tion of tumors in mouse models of co-
lon cancer and other tumors.4 Other 
investigators reported similar findings 
using anti-CTLA4 blockade alone or 
in combination with other treatments 
in experimental models of mammary 
carcinoma,5 melanoma,6 and prostate 
cancer.7,8

The findings that CTLA4 block-
ade boosts antitumor responses in 
vivo stimulated a keen interest in tar-
geting this molecule with antibodies 
to improve the antitumor immune re-
sponse in patients.4,9 Ipilimumab and 
tremilimumab are fully human anti-
CTLA4 monoclonal antibodies in 
late-stage clinical development. 

Ipilimumab

Ipilimumab (formerly, MDX-
010) is a fully human immunoglob-
ulin G (IgG) 1κ monoclonal anti-
body that has been shown to cause 
cancer regression and autoimmuni-
ty in patients with metastatic mela-
noma10 and other cancers, including 
hormone-refractory prostate can-
cer (HRPC).11 Small clinical studies 
have examined the safety and efficacy 
of ipilimumab as monotherapy and 
in combination with other agents for 
the treatment of patients with met-
astatic melanoma (Table 2).12–16 Du-
rable complete responses (CRs) and 
partial responses (PRs) have been ob-
served; some patients had prolonged 
stable disease (SD), but the clinical 
significance of disease stabilization 
within the context of these single-
arm trials remains to be verified in 
randomized phase III studies. The 
majority of objective responses to ipi-
limumab have a slow onset and may 

TABLE 1

Investigational immunotherapeutic approaches to the treatment  
of metastatic melanoma

   Developmental 
Target Drug Class  phase

Blockade of natural regulation or tumor-induced suppression of T-cell effector function

CTLA4 Ipilimumab  Fully human IgG1 mAb Phase III 
 (MDX-010) 

  Tremilimumab  Fully human IgG2 mAb Phase III 
 (CP-675,206)

PD1 MDX-1106 Fully human mAb Phase I

TGF-β GC1008 Fully human mAb Phase I

TGF-β2 AP12009 Antisense oligonucleotide  Phase I

Indoleamine  D-1-methyl- Indoleamine 2,3-dioxygenase  IND filing 
2,3-dioxygenase tryptophan (1-MT) inhibitor 

Arginine BCT-100 Recombinant arginase Preclinical

TLR regulation CpG 7909  Synthetic oligonucleotide Phase I 
of Treg cells (Promune,  
 PF-3512676)

New cytokines and other T-cell–activation signals

CD137 BMS-663513 mAb Phase I

Cytokines Interleukin-21 Recombinant human  Phase II 
  molecule

Dendritic cell–activating signals

CD40 CP-870,893 Fully human mAb Phase I

TLR PF-3512676 TLR9 agonist Phase II

Delivery of cytokines to tumor

Immunocytokines EMD 273063 Humanized anti-GD2  Phase II 
  mAb linked to IL-2

Nanoparticles Aurimune  TNF covalently linked  Phase I 
 (CYT-6091) to pegylated colloidal gold

CTLA4 = cytotoxic T-lymphocyte–associated antigen 4; IgG = immunoglobulin G; IL-2 = interleukin-2; IND = in-
vestigational new drug; mAb = monoclonal antibody; PD = programmed death; TGF = transforming growth fac-
tor; TLR = Toll-like receptor; Treg = regulatory T cell; TNF = tumor necrosis factor
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be preceded by disease progression, 
mixed response, or months of SD. 
This finding suggests a slower time 
course for evaluation of responses to 
anti-CTLA4 compared with conven-
tional therapy.17,18 The slow evolution 
of response and occasional reports of 
initial disease progression or mixed 
response followed by tumor regres-
sion complicate the clinical manage-
ment of these patients, in particular 
the critical decision to continue anti-
CTLA4 treatment/observation ver-
sus administration of a new therapy 
after an initial treatment induction 
period. The reason for slow response 
to treatment is unclear but may be re-
lated to the relative balance and ki-
netics of expansion of regulatory and 
effector cells over time.19 

Most adverse events linked to ipi-
limumab stem from presumed auto-
immune reactions, referred to as auto-
immune breakthrough events (ABEs) 
or immune-related adverse events 
(irAEs). The most common grade 
3/4 events are enterocolitis (~ 20%) 
and hypophysitis (~ 10%), but other 

organs can be affected.20 Hepatitis, 
dermatitis (with or without pruri-
tus), alveolitis, uveitis, nephritis, and 
arthralgias have been reported in ipi-
limumab-treated patients. Patients 
may develop multiple irAEs after sin-
gle or multiple doses of the drug. The 
time course to evolution of an irAE 
is variable.

Treatment of most grade 3/4 
irAEs requires the use of steroids. 
Algorithms have been developed for 
detecting and managing the more 
common events, such as enterocoli-
tis and hypophysitis. Because of the 
small risk of bowel perforation relat-
ed to enterocolitis, immediate use of 
high-dose steroids with tapering over 
at least 1 month is recommended for 
patients with grade 3/4 diarrhea or 
persistent grade 2 diarrhea.21 Entero-
colitis refractory to steroids can be 
treated effectively with a single dose 
of infliximab (Remicade). 

Analysis of data from the ipilim-
umab trials suggests a strong corre-
lation between irAEs and antitumor 
response.17,20 For example, 22% of 36 

patients with grade 1/2 irAEs and 
28% of 50 patients with grade 3/4 
irAEs had objective responses, com-
pared with only 2% of 53 patients 
who had no autoimmune toxicity (P 
= 0.0004).20 In their study, Weber et 
al noted that all patients who had an 
objective response to ipilimumab ex-
perienced an ipilimumab-related ad-
verse event.16

Several clinical trials are active-
ly recruiting patients with melano-
ma to further evaluate ipilimumab 
monotherapy and combination stud-
ies. Opened in June 2006, a phase III 
placebo-controlled trial is actively re-
cruiting patients with untreated, unre-
sectable stage III or IV melanoma for 
randomization to dacarbazine with or 
without ipilimumab (10 mg/kg). The 
primary endpoint of this study is pro-
gression-free survival (PFS), and the 
planned enrollment is 500 patients.

Tremilimumab

Tremilimumab (formerly, CP-
675,206) is an IgG2 monoclonal an-
tibody directed against CTLA4. Be-
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TABLE 2

Clinical trial experience with ipilimumab in patients with unresectable stage III or metastatic melanoma
Study Number of patients Dosing schedule Efficacy Safety

Attia et al12 56 Ipilimumab 3 mg/kg Q3W 2 CRs (ongoing at 31 and 30  14 patients (25%) had grade 3/4 
  or 3 mg/kg as initial dose,  months); 5 PRs (ongoing at 34,   autoimmune toxicities (ie, colitis,  
  then 1 mg/kg Q3 W 26, and 25 months); 3% ORR; dermatitis, uveitis, enterocolitis, 
   no differences between  hepatitis, hypophysitis); no 
   schedules differences between schedules 

Weber et al13 25 (resected  Ipilimumab 3 mg/kg IV 12-month median follow-up: 12 patients had grade 2/3 colitis, 
 stage III or IV) Q8W for 12 months +   no deaths and 6 relapses rash, or hypophysitis 
  multipeptide vaccine

Maker et al14 36 Ipilimumab dose escalation  3 CRs; 5 PRs; 22% RR; 6 of  5 patients (14%) had grade 3/4 
  (0.1, 0.3, 1.0, 2.0, 3.0  these 8 patients had ongoing   autoimmune toxicities (ie, entero- 
  mg/kg Q3W) + IL-2  responses at 11–19 months colitis, arthritis, uveitis) 

Fischkoff et al15 Monotherapy, 37; Ipilimumab 3 mg/kg  Monotherapy arm: 2 PRs Adverse events due to immune  
 combination Q1M × 4 ± dacarbazine (ongoing at 16–18 months);  activation were managed with drug  
 therapy, 35 250 mg/m2 for 5 days each  5% RR discontinuation and corticosteroids 
  month × 4 Combination therapy arm:  
   2 CRs; 4 PRs; 17% RR

Weber et al16 Cohort A: 34 Cohort A: 2.8, 3, or 5 mg/kg Cohort A: 1 PR Overall, 72% had an adverse 
 Cohort B: 30 on days 1, 57, and 85 Cohort B: 1 PR event, mostly grade 1 or 2, that  
 Cohort C: 24 Cohort B: single dose of Cohort C: 1 CR; 1 PR   was reversible without sequelae; 
  7.5, 10, 15, or 20 mg/kg  1 patient had a perforated bowel, 
  Cohort C: 10 mg/kg Q3W   grade 4 diarrhea, grade 4 colitis 
  on days 1, 22, 43, and 64

CR = complete response; IL = interleukin; ORR = overall response rate; PR = partial response; Q3W = every 3 weeks; Q8W = every 8 weeks; Q1M = every month; RR = response rate
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cause it is an IgG2 antibody, it would 
be expected to induce minimal com-
plement activation and antibody-de-
pendent cell-mediated cytotoxic-
ity (ADCC).22 In an initial phase I 
dose-escalation trial of a single dose 
of tremilimumab in 39 patients with 
solid tumors (including 34 patients 
with melanoma), autoimmune events 
including diarrhea, dermatitis, viti-
ligo, panhypopituitarism, and hyper-
thyroidism were observed (Table 3).23 

Among the 29 patients with measur-
able melanoma, 2 had CRs main-
tained for > 34 and > 25 months, re-
spectively; 2 had PRs lasting > 26 and 
> 25 months, respectively. The maxi-
mum tolerated dose was 15 mg/kg.

These results led to a larger, multi-
dose phase I/II trial conducted in 119 
patients with unresectable or stage IV 
recurrent melanoma.24 The phase I, 
open-label portion of the study test-
ed doses of 3, 6, or 10 mg/kg every 
month (Q1M) for up to 1 year, with 
an expansion cohort for HLA (hu-
man leukocyte antigen)-A2−positive 
patients to receive 10 mg/kg Q1M 
for immune monitoring. The phase 
II portion of the study randomized 
patients to treatment with 10 mg/kg 
Q1M or 15 mg/kg every 3 months 
(Q3M).25 The primary endpoint of 
the phase II part of the study was ob-
jective response. Most patients en-
rolled in the phase II study had re-
ceived one or two prior chemotherapy 

or immunotherapy regimens.
There were 1 CR and 3 PRs among 

44 patients in the monthly dosing 
group and 2 CRs and 1 PR among 46 
patients in the Q3M dosing group.25 
The median time to best response was 
219 days (range, 51–396 days) for the 
monthly dosing group and 125 days 
(range, 49–845 days) for the Q3M 
group. Responses were durable, with 
CRs and almost all PRs lasting > 2 
years. The 1-year survival was 32% 
for the monthly dosing group and 
46% for the Q3M dosing group; the 
median overall survival (OS) was 10.2 
months and 11.5 months, respective-
ly. The survival data, although prom-
ising, require confirmation in a ran-
domized trial.

Grade 3/4 adverse events were ex-
perienced by 27% of patients in the 
10 mg/kg dosing group and 13% 
of patients in the 15 mg/kg dosing 
group. The most common drug-re-
lated grade 3/4 adverse events were 
diarrhea and colitis, which occurred 
in 28% of patients in the monthly ad-
ministration arm and 13% of patients 
treated with the Q3M regimen. Tox-
icity was dose-dependent. 

Based on these results, which sug-
gested comparable antitumor activity 
and less toxicity, the 15 mg/kg Q3M 
regimen was selected for further clini-
cal testing. Several trials are open for 
enrollment of patients with melano-
ma and other solid tumors. An ongo-

ing phase III, open-label randomized 
study, with a planned enrollment of 
630 patients, is comparing tremili-
mumab with either dacarbazine or 
temozolomide (Temodar; investiga-
tor choice) in patients with advanced 
melanoma not treated with previous 
systemic therapy, except adjuvant cy-
tokines or vaccines after initial com-
plete resection. The primary endpoint 
of this study is OS. 

Anti-TGF-β 
Tumor secretion of the potent im-

munosuppressive cytokine TGF-β 
(transforming growth factor-beta) 
is believed to mediate an important 
mechanism by which tumors can 
evade the immune response.26 

A phase I trial is evaluating the 
fully human, anti-TGF-β mono-
clonal antibody GC1008 in patients 
with unresectable, locally advanced 
or metastatic renal cell carcinoma or 
malignant melanoma. A small-mole-
cule TGF-β receptor also is in clini-
cal trials, and an antisense phospho-
rothioate oligonucleotide (AP12009) 
directed against TGF-β2 mRNA 
was evaluated in a phase I/II study 
in patients with pancreatic cancer, 
melanoma, and colorectal cancer.27–29 
Preliminary results showed a good 
safety profile in 17 patients. One pa-
tient with metastatic melanoma was 
alive 64 weeks after the start of treat-
ment, and another with pancreatic 

TABLE 3

Clinical trial experience with tremilimumab in patients with unresectable stage III or metastatic melanoma 
Study Number of patients Dosing schedule Efficacy Safety

Ribas et al23 34 (29 with  Tremilimumab dose 2 CRs (ongoing at 34+  Dose-limiting toxicities were   
 measurable  escalation (0.01 mg/kg   and 25+ months); 2 PRs dermatitis and diarrhea 
 disease) and up); single infusion (ongoing at 26+ and 25+  
   months) 

Gomez-Navarro 119  Phase I: 3, 6, and 10 mg/kg,  Phase II: 1 CR (ongoing at Grade 3/4 diarrhea/colitis  
et al24; Ribas   followed by 10 mg/kg Q1M 33+ months) and 3 PRs  27.5% at 10 mg/kg Q1M   
et al25  (expansion cohort)  (11 months and ongoing at and 13% at 15 mg/kg Q3M 
  Phase II: 10 mg/kg Q1M 34+ and 25+ months) at  
  (n = 44) vs 15 mg/kg Q3M 10 mg/kg Q1M; 2 CRs 
  (n = 46) (ongoing at 33+ and 29+  
   months) and 1 PR (ongoing  
   at 29+ months) at 15 mg/kg 
   Q3M 

CR = complete response; PR = partial response; Q1M = every month; Q3M = every 3 months
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cancer had CR and is still alive af-
ter 72 weeks. An additional study is 
planned. 

Anti-PD1 and anti-CD137
The biology of PD1 and CD137 is 

explained in detail in the article by Dr. 
Wong in this supplement. Agents tar-
geting PD1 and CD137 are in phase I 
trials, and clinical data have not been 
reported. Data suggest that PD1 and 
its ligand (PDL1) play an important 
role in allowing potentially immuno-
genic tumors to evade the immune 
response and provide a compelling ra-
tionale for blocking the ligand or the 
receptor as a stand-alone or combina-
tion immune therapy strategy.30,31 

The fully human anti-PD1 mono-
clonal antibody MDX-1106 is cur-
rently being tested in a phase I dose-
escalation trial in patients with 
recurrent or treatment-refractory 
solid malignancies, including non-
small cell lung cancer, colorectal can-
cer, melanoma, renal cell cancer, and 
HRPC. The agonistic anti-CD137 
monoclonal antibody BMS-663513 
is being investigated as monotherapy 
and in combination therapy in pa-
tients with solid tumors. 

Anti-CD40
Activated T cells upregulate ex-

pression of CD40 ligand. T-lympho-
cyte engagement with CD40, which 
is a cell-surface molecule expressed 
by various immunologic cell types 
(eg, DCs, B lymphocytes, and mono-
cytes), activates APCs and stimulates 
an immune response. CD40 is also 
expressed by a variety of tumor cells.32 
The fully human, anti-CD40 mono-
clonal antibody CP-870,893 induced 
DC maturation and promoted autol-
ogous antitumor T-cell responses in 
vitro and in vivo.33–35

A phase I trial in 29 patients with 
advanced solid tumors showed that a 
single dose of CP-870,893 was well 
tolerated and resulted in 4 PRs in pa-
tients with melanoma (correspond-
ing to 14% of all patients and 27% 

of patients with melanoma).36 The 
most common adverse event was a 
grade 1/2 cytokine-release syndrome, 
which included chills, rigors, and fe-
ver. Transient changes in lymphocyte, 
monocyte, and platelet counts and 
laboratory abnormalities in D-dimer 
and liver function tests were observed 
24–48 hours post infusion. A multi-
dose phase I trial is ongoing. 

Anti–interleukin-10
Melanoma cells appear to be the 

main producers of interleukin-10 
(IL-10) in metastatic lesions, where 
IL-10 may allow tumors to evade 
or suppress an immune system re-
sponse.37,38 Experiments with cul-
tured human melanoma cells from 
primary melanomas, locoregional 
lymph nodes, and metastases suggest 
that IL-10 downregulates immune-
recognition molecules, such as HLA 
class I, HLA class II, and intercellular 
adhesion molecule (ICAM)-1.39 In 
a mouse model of melanoma, IL-10 
promoted melanoma growth by in-
hibiting macrophage functions and 
inducing proliferation of tumor and 
vascular cells.40 Investigators have also 
determined that secretion of IL-10 
by metastatic, but not primary, mela-
noma cells caused downregulation of 
CD1 molecules on infiltrating DCs, 
leading to a suppressed immune re-
sponse.41 This suppressive effect was 
blocked by a neutralizing anti–IL-10 
antibody. IL-10 is also produced by 
a subset of T-regulatory (Treg) cells. 
Although the cumulative data sup-
port clinical evaluation of anti–IL-10 
alone or in combination in patients 
with metastatic melanoma, IL-10 has 
also been shown to promote T-cell 
activation. Thus, the net antitumor 
effect of neutralizing this cytokine in 
patients remains to be determined. 

Interleukin-21 
The pleiotropic class I cytokine in-

terleukin-21 (IL-21) has been shown 
to activate CD8+ T cells and natural 
killer (NK) cells.42,43 In experimental 

tumor models, IL-21 therapy inhibit-
ed tumor growth and induced antitu-
mor immunity.44–46 Unlike IL-2, which 
stimulates effector and Treg cells, IL-21 
may not support Treg-cell survival or 
expansion.

In a phase I trial of a recombinant 
human IL-21 in patients with met-
astatic melanoma, the dose-limiting 
toxicities included an increase in as-
partate aminotransferase (AST) and 
alanine aminotransferase (ALT) lev-
els, neutropenia, fatigue, and throm-
bocytopenia.47 In one patient, a PR 
was observed after 6 weeks of treat-
ment and then was converted to a CR 
after 3 additional months.

Based on this study, a phase II 
trial was initiated using a regimen of 
IL-21 (30 µg/kg/d × 5) followed by 
9 days of rest in patients with previ-
ously untreated metastatic melanoma. 
Early results indicate that 1 of 14 pa-
tients initially treated achieved a CR 
(subsequently progressing in the cen-
tral nervous system), and 9 others had 
SD.48 This study is continuing with 
recruitment of a second patient co-
hort. A National Cancer Institute of 
Canada phase II trial also will evalu-
ate the safety and activity of recombi-
nant human IL-21 in previously un-
treated metastatic melanoma. 

TLR agonists
At least nine known Toll-like re-

ceptors (TLRs), which act as pattern-
recognition receptors for innate im-
mune responses, are known to exist. 
In preclinical tumor models, stimula-
tion of TLR9 by natural or synthetic 
molecules directly activates DCs and 
indirectly induces an innate immune 
response.49 The clinical and immu-
nologic effects of weekly injections of 
the synthetic oligonucleotide TLR9 
agonist PF-3512676 (also called 
CpG 7909) were tested in a phase II 
trial in 20 patients with unresectable 
stage IIIb/c or stage IV melanoma.50 
Few adverse events were observed; 
overall treatment was well tolerated. 
Two patients had a confirmed PR, 
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one of which was ongoing at 140+ 
weeks; three patients had SD. Evi-
dence of immune activation included 
induction of an activated phenotype 
of plasmacytoid DCs, elevation of se-
rum levels of 2′,5′-oligoadenylate (a 
surrogate marker of type I interferon 
production), and stimulation of NK 
cytotoxicity. Additional clinical eval-
uation of PF-3512676 in combina-
tion with other immune modulators 
is warranted. Other TLR agonists 
may prove useful as activators of anti-
tumor immune responses. 

Strategies to inhibit Treg cells
Studies suggest that tumor cells 

can recruit Treg cells to locally inhib-
it the antitumor immune response, 
creating localized tumor-specific im-
mune tolerance, a major barrier to suc-
cessful anticancer immunotherapy.51 
The phenotype of lymphocytes with 
Treg cell function can vary (although it 
is generally characterized as express-
ing CD4+, CD25high, CTLA4, GITR, 
and Foxp3), and no markers specific 
for human Treg cells have been defined 
that would allow specific elimination 
of Treg cells or suppression of their 
function. Clinical strategies currently 
used include low-dose cyclophospha-
mide and denileukin diftitox (Ontak; 
CD25 immunotoxin). Although the 
approaches are perhaps partially and 
transiently effective in diminishing 
CD25high Treg cells, better strategies 
are needed. Controversy exists over 
the role of anti-CTLA4 in suppress-
ing Treg cell function; the majority of 
preclinical and clinical data suggest, 
however, that the major antitumor ef-
fects of anti-CTLA4 are unrelated to 
Treg-cell inhibition. 

Potential combination 
strategies

Individual agents such as IL-2 and 
anti-CTLA4 can produce impressive 
durable CRs in only a small fraction 
of patients. The complex regulatory 
checkpoints to immune cell activation 
and multiple tumor-induced immune-

suppressive mechanisms suggest that 
no single agent will significantly im-
pact the disease course in most pa-
tients. Inevitably, combinations will 
be needed to produce optimal antitu-
mor activity. The right combination 
for each patient will depend on the in-
dividual’s tumor biology and host fac-
tors; however, at this time, identifica-
tion of the relevant biology and host 
factors that would predict response to 
an individual agent or combination is 
not possible. 

Nevertheless, preclinical data pro-
vide a compelling rationale for a first 
generation of combinations to test in 
clinical trials. For example, preclini-
cal data strongly support combina-
tions of vaccines or other methods to 
release antigen to APCs (such as che-
motherapy or irradiation) with anti-
CTLA4 or anti-CD137. In mouse 
tumor models, combinations of anti-
CD137 with anti-PDL1 produced 
particularly impressive tumor regres-
sion despite minimal or no activity of 
these agents when used alone. Similar 
results could be expected with com-
binations of anti-CTLA4 and anti-
PD1 (or anti-PDL1). Combinations 
of anti-CTLA4 with anti-CD137 
produced enhanced antitumor ef-
fects. In animal tumor models, Treg 
inhibition increased the activity of 
anti-CTLA4 and vaccines.52 In the 
future, it may be possible to identify 
the various strategies used by an in-
dividual’s melanoma to blunt T-cell 
activation and effector responses. 
Because evidence exists that many 
patients with melanoma already have 
activated tumor-specific T cells at 
the time of presentation, excellent 
antitumor activity may be observed 
by administering a rational combina-
tion of agents that break down the 
tumor’s immune defenses. 

Adoptive immunotherapy 
Adoptive immunotherapy is an 

antitumor treatment that involves 
the isolation, in vitro expansion, and 
activation of antigen-specific cells, 

followed by autologous administra-
tion.53 Early clinical studies of adop-
tive immunotherapy with infusion of 
activated autologous tumor-specific 
T lymphocytes in metastatic mela-
noma demonstrated modest activity. 
In the largest of these studies, autolo-
gous tumor-infiltrating lymphocytes 
plus high-dose bolus IL-2 with or 
without concomitant cyclophospha-
mide resulted in objective responses 
in 34% of 86 patients with metastatic 
melanoma.54

Several factors may have limited 
the activity of adoptive immunother-
apy. For example, infused cells did not 
persist in vivo, and the activity of the 
infused cells may have been blunted 
by preexisting Treg cells. Basic studies 
in animal models showed that adop-
tively transferred T cells demonstrated 
increased proliferation and survival if 
the host was first depleted of existing 
lymphocytes. This finding probably 
occurred because depletion of existing 
lymphocytes caused a rise in circulat-
ing cytokines, such as IL-7 and IL-15, 
which were necessary for the prolif-
eration and survival of the adoptively 
transferred cells.55–59 In addition, lym-
phodepletion prior to adoptive transfer 
of tumor-specific T cells theoretically 
removes preexisting Treg cells.

Following animal models that con-
firmed the potential increased effica-
cy of tumor antigen-specific T cells 
administered following lymphode-
pletion in tumor-bearing mice, the 
National Cancer Institute Surgery 
Branch began a series of protocols to 
assess the activity of tumor-infiltrat-
ing lymphocytes (TILs) and IL-2 in 
patients with metastatic melanoma 
who were prepared with a lymphode-
pleting but nonmyeloablative regimen 
of cyclophosphamide and fludarabine. 
Among 35 patients, all but 1 of whom 
had progressed following high-dose 
IL-2, 51% demonstrated a PR or 
CR.60 Subsequent studies are focus-
ing on myeloablative preparative reg-
imens prior to TIL transfer and the 
transfer of T cells genetically modi-
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fied to express melanoma-specific T-
cell receptors. 

Conclusion
Immunotherapy is the only treat-

ment that offers the possibility of 
durable remissions in patients with 
metastatic melanoma. For patients 
able to tolerate IL-2–related toxic-
ity, IL-2 remains the treatment of 
choice. Anti-CTLA4 also has been 
shown to produce durable remission 
in a small fraction of patients, includ-
ing patients previously unresponsive 
to IL-2. Newer agents that release 
regulatory checkpoints to T-cell acti-
vation or provide additional T-cell ac-
tivation signals, as well as agents that 
reverse or blunt tumor-related de-
fenses blocking effector T-cell func-
tion, offer substantial promise for im-
proving antitumor immune responses 
and overall outcome. Many of these 
agents are in phase I or II clini-
cal trials. Inevitably, optimal therapy 
will require rational combinations of 
these agents with each other or with 
other targeted therapy, chemotherapy, 
or radiotherapy. However, substantial 
challenges exist. Although significant 
progress has been made, strategies for 
choosing the appropriate therapeu-
tic regimen from the large number of 
possible permutations is difficult. In 
addition, the optimization of combi-
nation regimens, dosing, scheduling, 
and overcoming potentially increased 
toxicity related to induction of auto-
immunity are concerns that need to 
be addressed. 

Roundtable discussion
The roundtable discussion on key is-

sues in immunotherapeutic approaches 
to the treatment of metastatic melano-
ma included Dr. Mario Sznol and Dr. 
Michael B. Atkins.

What is the overall state of 
immunotherapy for melanoma?

Dr. Sznol: Most of the effort to 
date has been in the development of 
cancer vaccines, but the results have 

been disappointing. High-dose IL-2 
can be effective, but durable responses 
are observed in only ~ 5% of patients. 
We believe one reason for failure with 
this approach has been the regula-
tory checkpoints that limit immune 
activation. In addition, we should re-
member that even when a good im-
mune response occurs, the tumor cre-
ates a hostile microenvironment for 
the immune effector cells and may 
block their function. 

Another concern is that when we 
try to induce immune responses, for 
example, when giving a vaccine or IL-
2, we may also be inducing regulato-
ry immunosuppressive mechanisms, 
such as Treg cells. We don’t know how 
to control or negate the effects of in-
creased Treg lymphocytes, which are 
increased by IL-2 and vaccines. 

New drugs that address some of 
these limitations are under develop-
ment. These drugs may be active alone, 
ie, without vaccines or specific immu-
nization against tumor antigens, or 
through broad immune activation that 
may release regulatory checkpoints or 
block tumor immunosuppressive fac-
tors. These new drugs may be used to 
increase the antitumor activity of vac-
cines. I believe they may be necessary 
for successful development of antican-
cer vaccines. Therefore, combination 
treatment strategies that affect the 
immune system at various points will 
probably be important. 

What is the most promising 
pathway under investigation 
for melanoma therapy?

Dr. Snzol: Anti-CTLA4 antibod-
ies are probably the best example of 
an approach targeted to release a reg-
ulatory checkpoint for T-cell activa-
tion. The kinetics of tumor response 
to anti-CTLA4 agents is interesting 
and unique. Early disease progression 
or long-term stable disease sometimes 
occurs before a later response. As with 
IL-2, we’ve also observed mixed re-
sponses, which, in some cases, appear 
to have provided overall benefit for 

the individual patient. An observation 
that is not fully understood is a fairly 
strong correlation between autoim-
mune events and tumor response. 

Although the anti-CTLA4 mono-
clonal antibodies are well tolerated 
overall, toxicities do occur, usually 
with the second or subsequent infu-
sions. The side effects are immune re-
lated and can include a pruritic rash, 
pituitary dysfunction, hepatitis, and 
colitis (rarely leading to bowel per-
foration). Algorithms for appropriate 
early recognition and management 
will help to assure that any potential 
side effects are addressed in a timely 
and effective fashion. 

What other immunotherapeutic 
approaches show promise?

Dr. Snzol: In addition to anti-
CTLA-4, several other agents are 
promising, including antibodies to 
TGF-β, CD40, CD137, and PD1 and 
newer cytokines such as IL-7 and IL-
21. They work by various mechanisms; 
for some agents, multiple parts of the 
immunologic response are affected, en-
hancing antigen presentation, increas-
ing T-cell proliferation, or blocking tu-
mor defenses. A promising approach is 
the use of adoptive transfer of mela-
noma-specific T cells after lymphode-
pleting chemotherapy, as reported by 
the National Cancer Institute. In the 
future, we may use genetically modi-
fied lymphocytes to recognize mela-
noma specifically and to improve their 
function within the tumor.

Dr. Atkins: Although still in phase 
I development, anti-PD1 antibodies 
may prove important. I believe that 
since the PD1 pathway negatively reg-
ulates T-cell activation and immune 
responses in a broad sense, it may 
counteract immunomodulatory thera-
pies by providing tumors with an addi-
tional means of immune escape. It is a 
major obstacle to treatment with acti-
vated tumor-specific lymphocytes and 
may be a reason why activated tumor-
specific lymphocytes that traffic into 
tumors are unable to kill them. 
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What are appropriate 
endpoints for melanoma 
trials of immunotherapy?

Dr. Sznol: Tumor regression is the 
best clinical endpoint for such trials.

Dr. Atkins: As opposed to delay 
in progression-free survival without 
shrinkage? 

Dr. Sznol: I have not seen any evi-
dence in immunotherapy trials that 
stable disease without any shrinkage 
is beneficial for the patient or cor-
relates with any improved outcome. 
That doesn’t mean it won’t happen, 
but we will have to wait for the phase 
III trials to know whether stable dis-
ease translates into improved overall 
survival. 

Dr. Atkins: How important is me-
dian survival?

Dr. Sznol: Clearly, it’s important. 
However, because we are currently 
only affecting a small subpopulation 
of patients within any group, it’s a 
mistake to look at only median sur-
vival as the measure of drug benefit.

Dr. Atkins: I agree completely. 

What are the implications of 
these new approaches for 
the community oncologist?

Dr. Sznol: Unlike high-dose IL-2, 
which requires administration in the 
hospital setting and relatively inten-
sive attention from the treating physi-
cian or in-hospital medical personnel, 
community oncologists will be more 
inclined to use these agents, probably 
before chemotherapy, because of the 
potential for durable responses. 

Dr. Atkins: I believe community 
oncologists will be comfortable us-
ing these agents because, for the most 
part, they’re easy to administer. Anti-
CTLA4 antibodies are being designed 
as outpatient treatments. Community 
oncologists are familiar with admin-
istration of antibodies and outpatient 
therapies. We have not seen many 
problems with these antibodies dur-
ing the early period after administra-
tion; many patients have no problems 
at all. Unfortunately, these are the pa-

tients who for the most part don’t ap-
pear to respond to therapy either. 

Dr. Sznol: I agree but would add 
that for safe administration of some of 
these agents, anti-CTLA4 in particu-
lar, it will be important for communi-
ty oncologists to become familiar with 
the presentation and management of 
immune breakthrough events. Aca-
demic oncologists need to understand 
that anti-CTLA4 will be used first 
line in patients in the community. We 
need clinical trials that take advantage 
of the fact that anti-CTLA4, even in 
nonresponders, may affect response or 
toxicity from subsequent therapies. 
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