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ABSTRACT 

 

Immunotherapy utilizing cytokines or immune regulatory check point blockade has consistently 

demonstrated superior clinical efficacy in melanoma when compared to tumor peptide 

immunization strategies reported to date. In this project, I conducted 2 model studies 

representing alternative immunotherapeutic approaches (non-antigen specific combination of 

interferon-α2b and an anti-CTLA4 monoclonal antibody, IFN-Treme compared to a tumor 

antigen specific multi-epitope vaccine given in adjuvant with the potent combination of a TLR-9 

agonist and GM-CSF) designed to overcome tumor immune evasion and conducted separately in 

a similar patient population. In addition to evaluating safety and clinical efficacy, I tested the 

following hypotheses: (1) Clinical benefits are likely to be associated with markers of reversal of 

immune tolerance (autoimmunity). (2) Clinical benefits may be predicted by baseline peripheral 

biomarkers of immune tolerance/suppression (C-reactive protein, CRP and absolute lymphocyte 

count, ALC). (3) Superior antitumor efficacy is likely to be associated with more effective 

downregulation of the host suppressor immune response (circulating T regulatory cells, T-reg 

and myeloid derived suppressor cells, MDSC). My findings supported superior clinical efficacy 

that was associated with more significant modulation of immune tolerance by the combination of 

IFN-Treme. Autoimmunity correlated with improved clinical outcome among the recipients of 
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IFN-Treme (but not the vaccine) and suggested more significant reversal of immune tolerance. 

Baseline CRP and ALC were significantly predictive of therapeutic benefit with the IFN-Treme 

combination and may serve as variables for stratification of future trials, as these are validated in 

larger studies. Finally, my findings supported more significant downregulation of the host 

suppressor immune response by the nonspecific IFN-α/Treme regimen as compared to the 

vaccine-TLR agonist/GM-CSF combination. There was apparent increase in CD4+CD25hi+ 

CD39+ Treg but this was associated with an increase in the overall CD4+ T cell population 

suggesting that direct inhibition of CTLA4 suppressive effects on T effector cells leading to their 

expansion and prolonged activation is likely more important than the regimen’s effect on T-reg. 

In addition, I saw parallel downregulation in several populations of MDSC following treatment 

with IFN-Treme which may have had a role in the reduction of immune suppression and superior 

clinical outcome observed. 
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1.0  INTRODUCTION 

By the time melanoma has become clinically detectable, the theory of immunoediting holds 

that the tumor has already evolved mechanisms to evade the immune response mounted by the 

host against it. If the goal of treating melanoma is to achieve cure/clinically durable benefits 

through the creation of lasting anti-tumor immunity, then immunotherapy that is meant to unlock 

the immune response and key regulators of immune tolerance must be central to experimental 

therapeutic strategies targeting this disease. In addition, testing biomarkers predictive of 

immunotherapeutic benefits must be integral to our clinical testing, allowing us to define what 

patients have the capacity to develop anti-melanoma immunity in response to certain 

immunotherapeutics. 

In our efforts to build upon the success of current immunotherapeutic strategies, it is well 

supported that the induction of effective antitumor immunity in patients with cancer will likely 

require approaches aiming at the elicitation of anti-tumor immune responses using vaccines 

combined with potent immunological adjuvants allowing the slow release of antigen and 

increasing the presentation of antigens by APCs to immune cells or using ex-vivo generated 

dendritic cell (DC) vaccine strategies. Our approaches should aim at the protection of anti-tumor 

immune cells from the inhibiting effects of myeloid-derived suppressor cells (MDSCs), 

regulatory T cells (T-regs) or tumor derived inhibitory factors thus enhancing effector functions 

utilizing cytokines, antibodies and cellular therapies.1 In addition, our strategies should be aimed 
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at prolonging survival of central memory T cells, thus ensuring long-term protection where 

monoclonal antibodies (mAbs) that target immunoregulatory checkpoints that are able to 

suppress/enhance host responses to tumor associated antigens (TAAs) may play a central role. 2 

Our current clinical experience is that non-tumor specific immunotherapy utilizing 

interleukin-2 (IL-2) and more recently ipilimumab (for metastatic melanoma) and interferon-α 

(for surgically resected melanoma) have produced the most significant results in the management 

of this disease leading to regulatory approval.3-5 On the other hand, results from antigen specific 

immunization modalities have been modest and have not yet translated into meaningful clinical 

benefits. These include peptide vaccines designed to increase immune recognition of tumor cells 

and to enhance the antitumor effector immune response through lymphocyte activation.3, 6, 7 In 

this project, I have conducted and compared 2 model studies representing alternative 

immunotherapeutic approaches (non-antigen specific compared to tumor antigen specific) meant 

to overcome tumor immune evasion and conducted separately in a similar patient population. In 

addition, I pursued the evaluation of select correlate biomarkers of immune tolerance and its 

reversal and immune monitoring of the host suppressor cellular response within both studies to 

better understand our clinical observations. 

Therefore, I have focused on 2 immunotherapeutic approaches to overcoming melanoma 

immune tolerance utilizing a tumor-antigen specific approach in one and a non-antigen specific 

approach in the other. I divided this project into 3 main components: (1) combination biotherapy 

of interferon (IFN)α-2b and Cytotoxic T-Lymphocyte Antigen 4 (CTLA4) blockade with 

tremelimumab mAb (IFN-Treme) as non-tumor antigen specific immunotherapy for advanced 

melanoma. (2) Peptide vaccination against melanoma lineage antigens given in adjuvant with the 

Toll-Like Receptor 9 (TLR-9) agonist PF-3512676 and GM-CSF given locally in-oil adjuvant 
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with the peptides (vaccine). (3) Nested within both studies, I pursued the testing of mechanistic 

analyses and biomarkers of therapeutic benefit and reversal of immune tolerance of melanoma, 

including (a) non-tumor specific biomarkers of immune tolerance or suppression and their 

reversal (induced autoimmunity, CRP, ALC and other candidate cytokines and chemokines), (b) 

differential modulation of the host suppressor cellular response by monitoring circulating T-regs 

and MDSCs by CTLA4 blockade/IFN-α as compared to vaccination combined with TLR-9 /local 

GM-CSF adjuvants. My central hypothesis is that both immunotherapeutic strategies (IFN-

Treme and vaccine) may overcome tumor-induced immune suppression as demonstrated both 

clinically and immunologically in the 2 trials that enrolled a similar patient population with 

advanced inoperable stage III and stage IV melanoma: 

1. Clinical benefits would be associated with serologic/clinical markers of reversal of immune 

tolerance (autoimmunity): Induction of autoimmunity correlates with clinical benefits. 

2. Clinical benefits may be predicted by baseline peripheral biomarkers of immune 

suppression (CRP, ALC): Enhanced immune suppression correlates with a lower likelihood 

of response. 

3. Superior clinical activity (with one regimen as compared to the other) would be associated 

with more effective downregulation of the host suppressor cellular immune response. 

1.1 METASTATIC MELANOMA 

For patients with advanced melanoma, immunological approaches have yielded the only 

newly US-FDA approved agents in over 30 years, high-dose interleukin-2 (IL-2) (for metastatic 

melanoma) and interferon (IFN)-α (for surgically resected melanoma) that have produced the 
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most promising and durable results, albeit in subgroups of patients only 8. Although promising, 

clinical benefits from current investigational agents appear to be of either limited duration and/or 

confined to small groups of patients.  Therefore, there continues to be an urgent need for new 

therapeutic strategies building upon promising clinical activity and solid preclinical rationale. 

1.2 IMMUNITY IN MELANOMA, THE ROLE OF IMMUNE TOLERANCE IN 

ADVANCED METASTATIC DISEASE AND IMPLICATIONS FOR 

IMMUNOTHERAPY 

Immunity to melanoma appears to be important for disease control in the adjuvant and 

advanced disease settings. Spontaneous regression of disease has been reported in patients with 

melanoma, suggesting a role for host immunity, indirectly supported by the pathological 

evidence for the presence of lymphoid infiltrates at primary melanoma associated with tumor 

regression. T-cell infiltrates in primary melanoma have been suggested to be of prognostic 

significance, and T-cell infiltrates within regional nodal metastases predict benefit in patients 

treated with neoadjuvant IFNα2b therapy.9-13 In advanced melanoma, the quality of the host 

immune response has been shown to be compromised, with evidence of displaying strong 

melanoma antigen-specific Th2-type polarization14, yielding a microenvironment that facilitates 

disease progression.15 Therefore, host immune tolerance appears to be an impediment to the 

therapy of advanced disease. 
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1.3 STRATEGIES FOR OVERCOMING TUMOR-INDUCED IMMUNE 

SUPPRESSION AND RATIONALE FOR OUR SELECTED APPROACHES  

The principles that guide the development and application of immunotherapy in 

melanoma are vast and include antibodies, cytokines, and cellular therapies. Enhanced 

expression of costimulatory molecules on the surface of dendritic cells (DCs) is one approach to 

enhance presentation of tumor-associated antigens (APCs). This can be achieved through 

stimulation of DC receptors such as TLR-9 and CD40.16-18 Another approach is to enhance or 

prolong T-cell activation by blocking negative signaling receptors such as CTLA4.19 Other 

approaches in clinical investigation include overcoming indoleamine deoxygenase and 

programmed death ligand 1 (PD-1) or adding costimulatory functions (4-1BB/anti-CD137). 

Other key approaches to overcoming melanoma tolerance and eliciting antitumor immune 

responses are cancer vaccines designed to increase immune recognition of tumor cells and to 

enhance the antitumor effector immune response through lymphocyte activation.7 These include 

ex-vivo generated DC-based vaccination and other melanoma specific vaccines comprised of 

whole tumor cells, tumor-cell lysates or specific peptides. This is in addition to DNA vaccines, 

heat shock proteins (HSPs) and gene therapy. 

 

2.0 STATEMENT OF PROBLEM 

 

Non-tumor specific immunotherapy utilizing interleukin-2 (IL-2) and more recently 

ipilimumab (for metastatic melanoma) and interferon-α (for surgically resected melanoma) have 

produced the most significant results in the management of this disease leading to regulatory 

approval.3-5 On the other hand, results from antigen specific immunization modalities have been 
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modest and have not yet translated into meaningful clinical benefits. These include peptide 

vaccines designed to increase immune recognition of tumor cells and to enhance the antitumor 

effector immune response through lymphocyte activation.3, 6, 7 In this project, I have conducted 

and compared 2 model studies representing alternative immunotherapeutic approaches (non-

antigen specific compared to tumor antigen specific) meant to overcome tumor immune evasion 

and conducted separately in a similar patient population of advanced inoperable stage III and 

stage IV melanoma. In addition, I pursued the evaluation of select correlate biomarkers of 

immune tolerance and its reversal and immune monitoring of the host suppressor cellular 

response within both studies to better understand our clinical observations. Therefore, I tested the 

following: 

A. Safety and efficacy of combination biotherapy of IFNα-2b and CTLA-4 blockade with 

tremelimumab in patients with inoperable AJCC stage III and stage IV melanoma (N=37 

patients), as a non-tumor antigen specific immunotherapeutic approach. 

B. Safety and immunogenicity of multi-epitope peptide vaccination with MART-1 (26-35, 27L), 

gp100 (209-217, 210M), and tyrosinase (368-276, 370D) peptides given locally in oil 

adjuvant with the combination of TLR-9 agonist PF-3512676 and GMCSF in patients with 

inoperable AJCC stage III and stage IV melanoma (N=20), as an antigen specific 

immunotherapeutic approach. 

C. A mechanistic and biomarker analysis of prognostic and therapeutic predictive biomarkers, 

nested within both studies, including 

a. The association of clinical benefits with serologic/clinical markers of reversal of 

immune tolerance (autoimmunity): Induction of autoimmunity correlates with clinical 

benefits. 
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b. The association of clinical benefits with baseline peripheral biomarkers of immune 

suppression (CRP, ALC): Enhanced immune suppression correlates with a lower 

likelihood of response. 

c. Whether superior clinical activity would be associated with more effective 

downregulation of the host suppressor cellular immune response. 

 

3.0 HYPOTHESES 

 

A. The combination of IFNα-2b and CTLA-4 blockade with tremelimumab as tested in a 

phase II clinical trial is safe and will improve the response rate (RECIST criteria), 

progression free survival (PFS), overall survival (OS) and the one-year survival rate 

(analyzed according to Korn et.al.20) in patients with inoperable AJCC stage III and stage 

IV melanoma, as a therapeutic strategy to overcome melanoma immune tolerance. 

B. Vaccination with the multi-epitope vaccine containing MART-1 (26-35, 27L), gp100 

(209-217, 210M), and tyrosinase (368-276, 370D) peptides given in oil adjuvant with the 

combination of TLR-9 agonist PF-3512676 and GMCSF is safe and will enhance 

immunogenicity as measured by the frequency of antigen-specific CD8+ T cell responses 

(measured by ELIspot assay). It will improve the response rate (RECIST criteria), PFS 

and OS.  

C. The clinical benefits as measured by response rate (PR, CR) and disease control rate (SD, 

PR, CR) of immunotherapy in both studies, will be significantly associated with the 

induction of autoimmunity, as a marker of reversing immune tolerance.  
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D. The clinical benefits as measured by response rate (PR, CR) and disease control rate (SD, 

PR, CR) can be significantly predicted by baseline nonspecific candidate biomarkers 

associated with immune tolerance (namely CRP, ALC). 

E. Superior clinical activity (of one regimen compared to the other) will be associated with 

more significant modulation/downregulation of the host suppressor cellular immune 

response. 

4.0 FIRST CHAPTER: COMBINATION IMMUNOTHERAPY WITH 

INTERFERON-ALFA AND CTLA4 BLOCKADE 

 

4.1 CTLA-4 BLOCKADE WITH TREMELIMUMAB AND RATIONALE FOR 

TESTING IT IN COMBINATION WITH IFN-Α IN ADVANCED MELANOMA 

CTLA4 is a key element in immune tolerance and the main negative regulator of T cell-

mediated antitumor immune responses.21 Early preclinical studies suggested that this molecule 

serves as a natural braking mechanism for T-cell activation, allowing a return to homeostasis 

following an immune response.22-24 CTLA4 is a homologue of CD28 that functions as an 

inhibitory receptor for B7 costimulatory molecules expressed on mature APCs.25, 26 Following T-

cell activation, CTLA4 cell-surface receptors are up-regulated and successfully compete with 

CD28 for binding to B7, sending an inhibitory signal that down-regulates T-cell activation.19, 26 
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This inhibitory signal affects downstream targets of CTLA4 that include cytokine production by 

Th1 and Th2 cells27 and key components of the cell cycle machinery (Cdk-4, Cdk-6, and cyclin 

D3) required for cell cycle progression.28-30 Anti-CTLA4 mAbs with a much greater affinity for 

CTLA4 than B7 (competitive inhibition) were cloned and shown to inhibit the interaction of B7 

and CTLA4.19 The inhibitory signal produced by CTLA4 is therefore blocked, and T-cell 

activation is enhanced (i.e., releasing the brake). In vitro and in vivo, anti-CTLA4 mAbs were 

shown to enhance T-cell function.25, 27, 31-33 Recently, CTLA4 blocking antibodies (Ipilimumab 

and Tremelimumab) have shown promising and durable clinical activity as monotherapy, but 

only in a fraction of patients34, 35. There is, therefore, an urgent need to build upon the limited 

success of tremelimumab through novel combination therapeutic strategies. 

 IFNα-2b, a type I IFN, is a highly pleiotropic cytokine with potent 

immunoregulatory, antiproliferative, differentiation-inducing, apoptotic, and anti-angiogenic 

properties in a variety of malignancies 36. Type I IFNs exert their effects through a common 

receptor, termed type I IFN receptor (IFNA-R), which predominantly mediates its effects via the 

Janus family kinases (JAK)/signal-transducers and activators of transcription protein (STATs) 

transduction pathway 37. IFN-α has been shown to induce important changes in JAK-STAT 

signaling in malignancies including melanoma.38-42 In a neoadjuvant study of high dose IFNα-2b 

(HDI), clinical responders had significantly greater increases in endotumoral CD11c+ and CD3+ 

cells.13 In the adjuvant melanoma setting, HDI has shown consistent durable relapse-free and 

overall survival impact as tested in 3 randomized controlled trials and is the current FDA 

approved standard of care. 43-45  

 The immunological impact of IFNα in overcoming immune tolerance of 

melanoma is widely supported including clinical evidence of upregulation of the pro-



 10 

inflammatory cytokine response (Th1 polarization) as demonstrated in the adjuvant E1694 trial.46 

Moreover, the impact of IFNα on DCs is well established, affecting almost all stages of myeloid 

DC generation, maturation, differentiation and function 47. In addition, in their immature state, 

IFN-treated DCs induce a ‘polarized’ Th1 cytokine microenvironment 48. Similar to myeloid 

DCs, IFNs polarize lymphocytes towards the pro-inflammatory Th1 phenotype 49-51. In the 

cytotoxic T cell compartment, type I IFNs induce potent antitumoral cell-mediated cytotoxicity 

52, and they promote natural killer (NK) cell-mediated proliferation and cytotoxicity 53. This Th1 

shift in immunity induced by IFN-α may, however, still be suppressed explaining the limited 

activity of IFN-α as monotherapy in metastatic melanoma. Combination with CTLA-4 blockade 

may however alter this balance, downregulating the CTLA4 suppressive regulatory elements and 

possibly releasing inhibitory influences on activated CD25-expressing CD4 and CD8 effector 

cells, and thus, increase their antitumor response. Evidence supports the clinical activity and the 

immune modulation role of tremelimumab in unlocking the immune response by disrupting 

CTLA‐4, including T-cell cytokine enhancement (IL-2, IFN-γ) 54 and increased T-cell infiltration 

in responding tumors.55 Clinically, both IFN-α and tremelimumab have been demonstrated to 

have significant clinical activity in melanoma,43, 44, 56, 57 and where clinical activity appears to be 

associated with the induction of autoimmunity as a correlate of clinical benefits and as a sign of 

altered immunologic tolerance.19, 58-71 Immunologically, both have been demonstrated to up-

regulate the pro-inflammatory cytokine response (Th1 polarization) in patients with melanoma,46, 

54 and to be associated with increased T-cell and Dendritic cell infiltration in tumor in clinical 

responders.13, 55  

 

4.2 METHODS  
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Safety and efficacy of combination biotherapy of IFNα-2b and CTLA-4 blockade with 

tremelimumab in patients with inoperable AJCC stage III and stage IV melanoma  

 

4.2.1 Primary (1st) Objective:– To test the hypothesis that the combination of IFNα-2b and 

anti-CTLA-4 mAb would improve the response rate in patients with recurrent inoperable AJCC 

stage III and stage IV melanoma.  

 Patients underwent baseline imaging studies (MRI brain, and total body PET-CT (with or 

without brain). A restaging CT (or PET-CT or MRI if CT could not be done) was done every 12 

weeks for response assessment during therapy. Response Evaluation Criteria In Solid Tumors 

(RECIST) version 1.0 were utilized 72. Study size was based on my therapeutic target of 

achieving with acceptable toxicity a 20% or better rate of objective response, CR or PR by 

RECIST criteria, as compared to the 5% to 10% expected in patients eligible for study.  I also 

base my estimate of study size on an optimal two-stage design in which 16 patients were enrolled 

in stage 1, provided toxicity was acceptable.  Provided 2 or more responses occur among the first 

16 patients treated, then an additional 21 patients would be enrolled in stage 2 (N = 37 patients 

total).  A goal of 5 or more responses occurring by the end of stage 2 was set in order to consider 

the regimen to be potentially worthy of further investigation.  Characteristics of this two-stage 

design are as follows: α = 0.10 one-sided test of HA (π = 0.20) vs. H0 (π = 0.07), where the 

parameter π represents the proportion of patients who responded to treatment; power = 0.80; 

69% chance of stopping by the end of stage 1 if the underlying response rate is 7% or less. 

 

4.2.2 Secondary (2nd) Objectives:– To test the hypothesis that the combination therapy would 

improve the overall survival rate and the progression free survival (PFS) for these patients. 
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 Overall survival (OS) was measured from the initial date of treatment to the recorded date 

of death. Progression-free survival (PFS) was measured from the initial date of treatment to the 

date of documented progression by clinical or radiological evidence, or the date of death in the 

absence of documented progression. Median PFS in recent large phase III clinical trials has been 

estimated at 2.4 months 73-75. Although study size was planned in terms of our primary efficacy 

endpoint, objective response, we considered study power with respect to this important 

secondary endpoint. In addition, one-year survival rate was evaluated according to Korn et.al.20  

3rd Objective – To evaluate the toxicities and tolerance of this combination in this patient 

population.  

 Toxicity specific dose modification criteria were utilized for both tremelimumab 76 and 

IFN-α2b 77, 78. In addition, toxicity specific management algorithms/guidelines for both 

tremelimumab and IFN-α2b were used. Patients were monitored continuously for adverse events 

using the National Cancer Institute’s (NCI) Common Terminology Criteria for Adverse Events 

version 3 (CTCAE v.3). Although all patients were treated with a combined regimen, we 

attempted to attribute SAEs to either IFN-α2b or tremelimumab.   

 

4.3 RESULTS 

4.3.1   Patient Characteristics 

Thirty-seven patients (23 male, 14 female), age 28-76 (median 56) were enrolled between 

11/2006 and 3/2010. All had AJCC stage IV (9 M1a, 6 M1b, 22 M1c) and most had previously 
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received therapy (0-5 regimens). Two patients had prior treated brain metastases. Table 1 

summarizes the study population’s demographics and baseline patient characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.2 Treatment Details 

Seventy two courses of tremelimumab have been administered to date (average 

2/patient). Table 2 summarizes the treatment details and the reasons for discontinuation. 

Table 1. IFN-Treme. Patient Demographics and Baseline Disease Characteristics 

(N=37 patients) 

Variable  No. of Patients (%) 

Age, years                     
Median (Range) 

56 (28-76) 

Cutaneous/unknown primary  29 (78) 

Ocular   8 (22) 

 Gender                             
                                    Female  
                                    Male 

 
14 (38)  
23 (62) 

Performance Status           
0  
1  

 
18 (49) 
19 (51) 

Prior Therapy  22 (60) 

         # Prior Regimens (range) 1-5  

Prior Brain metastases 2 (5.4) 

 AJCC stage               
                                    M1a 

  
9 (24)  

                                    M1b  6 (16)  
                                    M1c  22 (60) 
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4.3.3  Efficacy 

At the end of stage I enrollment (N=16), the study met the interim analysis criterion of at 

least 2 objective responses by RECIST and, therefore, moved into stage II enrolment. 

 

4.3.3.1 Response (stages I and II)  

Response data are available for 35 patients. Best objective response rate (35 evaluable 

patients) is 26% (90% CI=0.14, 0.38) (4 CR and 5 PR lasting  6, 6, 12+, 14+, 18+, 20, 28+, 30, 

37+ months), including M1a (5 patients), M1b (2),  and M1c (3; including one uveal primary). 

Thirteen patients (37%) had SD (lasting 1.5 to 21 months). Disease control rate is 66% (90% 

CI=0.53, 0.79). For one additional patient the partial response status was not confirmed then had 

PD (per RECIST) after which the patient was rendered disease free (NED) surgically. This 

patient continues to be NED postoperatively at 16+ months. Another patient who had PD as best 

Table 2. IFN-Treme. Treatment Details  

Course No. pts treated 
(%) 

No. pts off study 
after treatment  
(%) 

PD as 
Reason for 
D/C  (%) 

Toxicity as 
Reason for 
D/C (%) 

Other* – 
Reason for 

D/C (%) 

1 37/37 (100) 20/37 (54) 12/20 (60)  4/20 (20) 4/20 (20) 

2 17/37 (46) 7/17 (41) 6/7 (86) 0 1/7 (14) 

3 10/37 (27) 2 2/2 (100) 0 0 

4 8/37 (22)     

* Poor performance status (1); Patient/MD decision to pursue surgery (2); second malignancy (1); 
early(1). PD: disease progression; D/C: discontinue treatment 
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response went on to receive 2 weeks of temozolomide and decitabine on a study and 

discontinued due to toxicities and transferred to hospice care. This patient presented in an NED 

status by PET-CT 15 months later with no other treatment for melanoma in the interim. Table 3 

summarizes the efficacy by tumor response and Table 4 summarizes the duration of responses  

and stable disease.  

 

 

I conducted a one tailed binomial test that the observed response rate (9/35 = 26%) was 

better than the comparison rate of 7%.  This test yields p = .0005 and thus we reject the null 

hypothesis and claim the therapy was significantly better than the assumed “uninteresting” rate 

of 7%. 

 

Table 3.  IFN-Treme. Efficacy Summary (stage I + II): Best Response (N=37) 

   No. Pts  
 

Duration  
(month)  

Primary: No. Pts (%) Classification: No. Pts 
(%) 

Cutaneous  Ocular  Unknown  M1a  M1b  M1c  

RR  
 
Overall 10  9/10 (90) 1/10 (10) 0 5/10 

(50) 
2/10 
(20) 

3/10 
(30) 

CR 4/10 
 

14+ – 30  3/4 (75) 1/4 (25) 0 1/4 
(25) 

1/4 
(25) 

2/4 
(50) 

PR* 6/10 
 

3 – 37+  6/6 (100) 0 0 4/6 
(67) 

1/6 
(17) 

1/6 
(17) 

SD  13 
 

1.5 – 21  7/13(54) 4/13 (31) 2/13 (15) 3/13 
(23) 

3/13 
(23) 

7/13 
(54) 

PD  11 
 

 8/11 (73) 3/11 (27) 0 1/11 
(9) 

1/11 
(9) 

9/11 
(82) 

No response 
data  

2 • 2 (1 cutaneous, M1c and 1unknown, M1c) unknown response 
 

*1 PR was not confirmed per RECIST, had PD and rendered surgically NED with no progression at 16+ months 
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Table 4. IFN-Treme. Durability of responses and stable disease (best radiologic response) 

Responders (N=10)   Stable Disease (N=13) 

Primary  Classification  Duration  
(Mon)  

Comment  Primary Classification Duration 
(Mon) 

1. Cutaneous  M1a 37+ PR  
surgical CR 

(NED) 

1.Cutaneous  M1c 1.5 

2.Unknown  M1a 4 

2.Cutaneous  M1c 30 CR 3.Cutaneous  M1c 9 

4. Ocular  M1c 4.5 

3.Ocular  M1c 28+ CR 

5.Ocular  M1c 13 

4. Cutaneous  M1c 20 PRPD  
Surgical 
NED 4+ 
months 

6.Cutaneous  M1a 2 

5.Cutaneous*  M1a 3 PR PD  
Surgical 

NED 16+ 
months 

7.Cutaneous  M1b 21 

8.Ocular  M1c 1.5 

6. Cutaneous  M1a 18+ CR  

9.Cutaneous  M1b 4 

7. Cutaneous  M1b 12+ PR (likely 
CR; residual 
4 mm lung 

nodule) 

10.Ocular  M1c 7 

8.Cutaneous  M1a 6 PR 

11. 
Cutaneous  

M1b 4.5 

9. Cutaneous  M1a 6 PR 

12. 
Cutaneous  

M1a 10.5 

10.Cutaneous  M1b 14+ CR 

13. 
Unknown  

M1c 4 (surgical 
NED 5 mo) 

*Unconfirmed PR (surgical NED). NED: no evidence of disease 
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4.3.3.2 Survival 

Median follow up time is 21 months (range 9 – 33 months) for patients at risk of 

progression and 22 months (range 15 – 44 months) for those who are still alive. Median PFS is 

6.4 months (95% CI = 3.3 – 13.1 months). The 6 months and 12 months PFS rate is 57% (95% 

CI = 00.39, 0.72) and 37% (95% CI = 0.21, 0.52) respectively. Figure 1 shows the Kaplan–

Meier plot of the probability of PFS. Median OS is 21 months (95% CI = 9.5 months, -). The 6 

months and 12 months OS rate is 84% (95% CI = 0.67, 0.92) and 62%; (95% CI = 0.45, 0.76) 

respectively. Figure 2 shows the Kaplan–Meier plot of the probability of OS. 

 

Figure 1. IFN-Treme. Kaplan – Meier plot of 
the probability of progression-free survival 
(N=37). The estimated median is 6.4 months  
(95% Confidence Interval = 3.3, 12.1) 

Figure 2. IFN-Treme. Kaplan – Meier plot of the  
probability of overall survival (N=37). The estimated 
median is 21 months (95% Confidence Interval = 9.5 
months, -) 
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We have recently started to explore the utility of OS and PFS as benchmarks for efficacy 

in phase 2 studies, rather than the traditional tumor response rate.20 Based on a meta-analysis of 

previously collected data from 42 cooperative group melanoma phase 2 trials conducted in the 

years 1975 to 2005, Korn et al have suggested the use of 1-year OS or 6-month PFS as 

benchmarks for future phase 2 studies.  The meta-analysis based on 1,278 patients provided an 

estimate of the 1-year OS rate (25.5%) and 1-year OS rates for 24 prognostic classes (ranging 

from 5.5% to 63.8%) defined by four significant prognostic factors that include PS, presence of 

visceral metastasis, sex and exclusion of patients with brain metastasis. The authors of the meta-

analysis acknowledged that future trials may have different survival rates than in the past 

because of patient mixes that differ in terms of prognostic variables. To address this, they 

suggested defining the null hypothesis target for a phase II trial based on the prognostic variables 

recorded in the trial and provided a table that contains the relevant information for a trial using a 

1-year OS rate as the endpoint. These predicted values are based on a logistic regression analysis 

with effects included for the four significant prognostic factors.  We utilized this model for our 

study, given the mix of patients with the same PS, incidence of visceral disease and gender 

distribution and given that our study did not allow patients with brain metastasis. The 

distribution of prognostic factors for 37 patients is shown in Figure 3 along with the observed 

and predicted 1 year survival rates for each prognostic category. The one year OS rate as 

predicted by the Korn model is 21% while the observed rate is 62% (95% CI = 46%, 78%); p 

<.0001.  
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37 Patients Analyzed 
- 23 Alive at one year
-14 Dead at one year

Observed 1 Year Survival Rate = 62%
95% Confidence Interval = 46% - 78%
One tailed hypothesis test: observed

rate better than predicted (21%) -> p  <.0001

Figure 3. IFN-Treme. One Year Survival Rate Observed vs Predicted (Korn 
Model)
As of 2/16/2011

One Year Survival Rate
Predicted by Korn

Model 
= 21%

Korn, et,al, JCO Feb 1, 2008

* Predicted rates assume the study was open to patients with brain metastasis

Gender PS Visceral
Disease

Total # Alive
@ 1 year

Observed
Rate

Predicted
Rate

Male 0 N 3 2 67% 35%

Male 0 Y 11 9 82% 22%

Male 1 N 3 3 100% 17%

Male 1 Y 6 2 33% 10%

Female 0 N 0 0 --- 49%

Female 0 Y 4 2 50% 33%

Female 1 N 3 2 76% 27%

Female 1 Y 7 3 43% 16%

 

 

4.3.4 Safety 

Table 5 summarizes AEs by severity that were considered possibly, probably or 

definitely related to the study regimen. Grade 3/4 toxicities include neutropenia (6 patients; 

17%), diarrhea/colitis (4; 11%), liver enzyme elevation (4; 11%), rash (4; 11%), fatigue (15; 

40%), anxiety/depression (5; 14%). Autoimmune toxicities due to tremelimumab were 

successfully managed with steroids. 
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Table 5. IFN-Treme. Adverse events considered possibly, probably or definitely related to the study regimen (CTCAE v.3) 
Type  All Grades  Grade 1  Grade 2  Grade 3  Grade 4  

 No. Patients  %  No. Pts.  %  No.  
Pts.  

%  No.  
Pts.  

%  No.  
Pts.  

%  

Immune mediated            

    Diarrhea/Colitis 21 57.0 7 19.0 10 27.0 3 8.0 1 2.7 

 Hyper/pothyroidism 2 5.4 0 0 2 5.4 0 0 0 0 

    Hypogonadism 1 2.7 0 0 1 2.7 0 0 0 0 

    Hepatitis-Increased     
AST/ALT/AP/GGT 

8 21.6 0 0 4 11.0 3 8.0 1 
(GGT) 

2.7 

    Skin rash 23 62.0 11 30.0 8 22.0 4 11.0 0 0 

Constitutional            

   Fatigue 37 100 17 46 5 13.5 15 40.5 0 0 

Gastrointestinal            

   Nausea 27 73.0 14 38.0 12 32.4 1 2.7 0 0 

   Vomiting 17 46.0 12 32.4 4 11.0 1 2.7 0 0 

Hematologic            

    Neutropenia 19 51.4 0 0 13 35.0 5 13.5 1 2.7 

Neuro-Psychiatric            

    Depression/Anxiety 9 24.3 4 11.0 1 2.7 4 11.0 0 0 

Renal            

    Increased 
Cr/dehydration 

2 5.4 1 2.7 0 0 1 2.7 0 0 

Respiratory            

    Bronchospasm 1 2.7 0 0 0 0 1 2.7 0 0 

Other            

Cardiac arrhythmia  
(atrial  fibrillation) 

1 2.7 0 0 0 0 1 2.7 0 0 

     Increased CPK 9 24.3 1 2.7 5 13.5 2 5.4 1 2.7 

 



 21 

 
 
 

 

5.0 SECOND CHAPTER:  MULTI-EPITOPE VACCINATION WITH MART-

1 (26-35, 27L), GP100 (209-217, 210M), AND TYROSINASE (368-376, 370D) GIVEN 

WITH TLR-9 AGONIST AND GM-CSF 

 

 

 

5.1 TLR-9 ENGAGEMENT BY AGONIST PF-3512676 AND RATIONALE 

FOR COMBINATION WITH GM-CSF AS A POTENT IMMUNE ADJUVANT 

FOR A PROMISING MELANOMA TRIPLE PEPTIDE VACCINE AS A 

STRATEGY TO OVERCOME IMMUNE TOLERANCE IN ADVANCED 

MELANOMA 

TLR 9 agonists induce activation of DCs, resulting in increased cell surface expression of 

costimulatory molecules.79, 80 Activation of DCs also initiates a range of secondary effects, 

including secretion of cytokines/chemokines, activation of natural killer cells, and antigen 

presentation, resulting in induction of an adaptive immune response.79 PF-3512676 is a synthetic 

TLR9-activating oligodeoxynucleotide (ODN) that mimics unmethylated CpG single-stranded 

DNA, thus inducing DC maturation and enhancing antigen presentation.79, 81 This agent appears 

to have great potential to stimulate the immune response at the most fundamental level, thus 

overcoming tumor-induced immune suppression.82  
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PF-3512676 as an immune adjuvant: Tumor immunization strategies have been 

improved with the inclusion of CpG ODN as an adjuvant 83. It has also been shown that DCs 

produce high amounts of IL-12 following both stimulation with CpG ODN (through TLR9) and 

CD40 Ligand (provided endogenously by activated T-helper cells).84 PF-3512676 has been used 

in a series of human phase I studies given in association with HBs antigen, and shown to exhibit 

a strong adjuvant effect.85, 86 In addition, PF-3512676 enhanced the number of antigen-specific T 

cells induced by vaccination with Melan-A peptide vaccination plus incomplete Freund’s 

adjuvant ~10-fold.87  

GM-CSF locally in-ISA oil-adjuvant with tumor vaccines: When GM-CSF is 

administered locally with tumor vaccines it has been found to have beneficial effects on vaccine 

immune responses believed to be due to its effects on dendritic cells 88-91. GM-CSF incorporated 

with peptide in adjuvant was shown to be the single most effective cytokine for enhancing both 

cellular and humoral immunity to two previously characterized HIV-1 MN vaccine constructs. 

GM-CSF synergized with IL-12 for CTL induction in BALB/c mice concomitant with 

suppression of Th2 cytokines IL-4 and IL-10 89. Slingluff et al have observed in several human 

trials T cell responses to multiple peptides when administered in an emulsion of GMCSF-in-

adjuvant and have found that T cell responses in this cytokine-in-adjuvant combination were 

markedly more prevalent and higher in magnitude than when the same peptides were 

administered on dendritic cells 92, 93. In a phase II trial, stage IV melanoma patients underwent 

vaccination with (a) 4 melanoma peptides and tetanus peptide pulsed on autologous dendritic 

cells or (b) 4 melanoma peptides and tetanus peptide administered in Montanide ISA-51 plus 

GMCSF. Evaluation of the CTL response was assessed by IFN-γ ELISPOT assay in peripheral 

blood lymphocytes and in a lymph node draining a vaccine site (sentinel immunized node, SIN) 
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harvested after 3 immunizations. ELIspot assays showed substantially higher and more frequent 

CTL responses in the second arm, with peptides given in adjuvant plus GMCSF, than in the first 

arm, with peptides pulsed on dendritic cells 93.   The E4697 phase III trial evaluated systemic 

GM-CSF (as opposed to local administration of GM-CSF as done in this proposal) with or 

without peptide vaccination (utilizing tyrosinase: 368-376 (370D), Gp100: 209-217 (210M), 

MART-1: 27-35) peptides) as adjuvant therapy for in HLA-A2+ patients  with advanced 

melanoma. No significant overall survival benefit for systemic GM-CSF either administered 

alone, or as administered in conjunction with the triple peptide vaccine adjuvant in this study, 

again underscoring the importance of altering the application of GM-CSF as peptide vaccine 

adjuvant from the systemic route to the local in-oil adjuvant approach.     

 The combination of CPG ODN and GM-CSF:  Data from preclinical studies 

supports the combination of CPG ODN and GM-CSF as immune adjuvants enhancing antigen-

specific immune response compared to immunostimulatory strategies employing either agent 

alone.91, 92 This is not surprising. In fact, when GM-CSF is administered locally with tumor 

vaccines it has been found to have beneficial effects on vaccine immune responses believed to be 

due to its effects on dendritic cells 69, 88, 94, 95, including evidence that GM-CSF attracts DCs to 

the site of injection.96, 97 In our approach, this will be coupled with the impact of the TLR9 

agonist on enhancing plasmacytoid dendritic cell (pDC) maturation, increasing their expression 

MHC class I and II molecules and costimulatory molecules, and promoting Th1-type immune 

responses.98, 99  

Vaccination with multi-epitope peptide vaccine containing MART-1 (27-35), gp100 

(209-217, 210M), and tyrosinase (368-276, 370D) peptides: ECOG 1696 is a completed phase 

II trial of multi-epitope peptide vaccination for metastatic melanoma with or without IFNα2b or 
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GM-CSF as an immune adjuvant, in a 2x2 factorial design. This study accrued 120 patients, and 

complete immunological data is available for 75 who had undergone 3 months of immune 

assessment. Immunity to CD8 epitopes of one or more of 3 lineage antigens inducible in 35% of 

patients with measurable metastatic melanoma was demonstrated. ELIspot assay responses, 

defined by the doubling of pretreatment T-cell precursor frequencies, were found to be 

associated with longer median survival but not with progression free survival. The influence of 

GM-CSF and IFNα2b, both given systemically, on the vaccine’s immunological and antitumor 

responses did not reach statistical significance.100 Therefore, our vaccine study was aimed at 

improving immunization against MART-1, gp100, and tyrosinase peptides by employing a 

potent immunological adjuvant approach combining PF-3512676 and GM-CSF, given with the 

peptides locally in oil-adjuvant. 

 

5.2  METHODS 

Safety and immunogenicity of vaccination with multi-epitope peptide vaccine containing 

MART-1 (26-35, 27L),  gp100 (209-217, 210M), and tyrosinase (368-376, 370D) peptides 

given in-oil-adjuvant with the combination of TLR-9 agonist PF-3512676 and GM-CSF for 

HLA-A2+ patients with inoperable stage III or stage IV melanoma  

 

Using continuous monitoring of safety along with a two-stage design for immunological 

efficacy, up to 20 immune-response evaluable patients were enrolled on study. Vaccination was 

given on days 1 and 15 of each cycle (1 cycle = 28 days) for a maximum of 13 cycles (1 year). 
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5.2.1 Primary (1st) Objective: - To test the hypothesis that the combination PF-3512676 and 

GM-CSF is an efficient vaccine adjuvant that in combination will induce significantly enhanced 

antigen-specific CD8+ T cell responses as measured by ELIspot assay. 

From study E1696, an estimated 30% of patients treated with vaccine alone were 

expected to show an immunologic response, i.e., one in which the number of reactive CD8+ T 

cells against any of the HLA-A2-restricted peptides MART-1, gp100, and tyrosinase (measured 

by ELIspot assays) doubles (as compared to baseline) after 4 vaccinations, and for which the 

increment is at least 10 spots. My immunologic objective was to increase this response rate to 

60% or more by our investigational vaccine.  The ELIspot assay for quantitating peptide-reactive 

CD8+ T cells was developed and refined for clinical applications 101, 102. The frequency of CD8+ 

T cells freshly isolated from peripheral blood were tested for immunoreactivity against HLA-A2-

restricted peptides MART-1 (26-35, 27L), gp100 (209-217, 210M) and tyrosinase (368-376, 

370D).  I therefore planned to use a two-stage design for immunologic response. Provided 

toxicity is acceptable, 10 patients were enrolled in stage 1.  Provided that 4 or more “responses” 

occurred, an additional 10 patients would be enrolled in stage 2. A goal of 9 or more responses 

occurring by the end of stage 2 (N=20 total) was set in order to consider our vaccination regimen 

to be potentially worthy of further study.  (Design characteristics: α = 0.098 one-sided test; 

power = 91%; 65% chance of stopping by the end of stage 1 if the underlying immunologic 

response rate is only 30%).   

 

5.2.2 Secondary (2nd) Objectives: - To evaluate the safety of this regimen. (3rd Objective) - 

To evaluate the tumor response by RECIST criteria and correlate immunologic response with 

clinical response data. 
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5.3 RESULTS 

5.3.1 Patient Characteristics 

Twenty-two patients (11 male, 11 female), age 48-81 (median 66) were enrolled between 

01/2009 and 12/2010. All had AJCC stage IV (5M1a, 6M1b, 11M1c) and most had previously 

received therapy (0-3 regimens). Eight patients had prior treated brain metastases. Table 6 

summarizes the study population’s demographics and baseline patient characteristics.              

 

 

 

 

 

Table 6. Vaccine. Patient Demographics and Baseline Disease Characteristics (N=22)  
Variable  No. of Patients (%) 

Age, years                     
Median (Range) 

66 (48 - 81) 

Cutaneous 
Unknown primary 
Mucosal  

17 (77) 
4 (18) 
1 (5) 

 Gender                             
                                    Female  
                                    Male 

 
11 (50) 
11 (50) 

Performance Status           
0  
1  

 
3 (14) 

19 (86)  
Prior Therapy   

         # Prior Regimens (range) 0 - 3 

Prior Brain metastases 8 (36) 

 AJCC stage               
                                    M1a 

 
5 (23) 

                                    M1b  6 (27) 

                                    M1c  11(50) 
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5.3.2 Treatment Details 

Seventy eight cycles (156 vaccinations) have been administered as of 03/2011 (average 

3.5/patient). Table 7 summarizes the treatment details and the reasons for discontinuation.  

 

Table 7. Vaccine. Treatment Details (N= 21* evaluable patients) 

Cycles 
completed 

No. pts 
treated (%) 

No. pts off 
study after 

treatment (%) 

PD as 
Reason for 
D/C (%) 

Toxicity as 
Reason for 
D/C (%) 

1 21/21 (100) 0 NA NA 

2 21/21 (100) 11/21 (52) 11/11 (100) 0 

3 10/21 (48) 1/21 (5) 1/1 (100) 0 

4 9/21 (43) 4/21 (19) 4/4 (100) 0 

≥5 
(5-12) 

5/21(24) 4/21(19) 4/4/(100) 0 

*One additional patient considered non-evaluable received one vaccination 
 

 

5.3.3 Efficacy 

A total of 22 patients were enrolled on this study. One who received one vaccination and 

had a bleeding brain tumor at baseline despite adequate radiotherapeutic management was 

considered non-evaluable for efficacy. Another patient had no post-vaccination lymphocytes 

collected for ELIspot. At the end of stage I enrollment of 10 immune response evaluable (have 

baseline and post-vaccination blood specimens for ELIspot testing) patients, the study met the 

interim analysis criterion of at least 4 positive immune responses by ELIspot and, therefore, 
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moved into stage II enrolment of 10 additional patients (Total N=21 evaluable for clinical 

efficacy and 20 evaluable for immunological efficacy). 

 

5.3.3.1 Immunological Efficacy (Stages I and II)  

Twenty patients were evaluable for immunological efficacy. Positive ELIspot is defined 

as the number of reactive CD8+ T cells against any of the HLA A2-restricted peptides MART-1, 

gp100, and tyrosinase that doubles (as compared to baseline) after 4 vaccinations, and for which 

the increment is at least 10 spots. There were 8/20 patients with ELIspot at day 50 and 5 (out of 

10 patients with day 90 specimens) ELIspot positive at day 90. One patient was negative at day 

50 and positive at day 90. Therefore, there were a total of 9/20 patients with positive ELIspot at 

day 50 and/or day 90. Among the ELIspot positive patients, 6/9 had SD or PR as the best anti-

tumor response and 3 had PD. Table 8 summarizes the immunologic response data.  

The cytotoxic T cell response rate to each peptide is similar at day 50 (N=20 patients), 

but are different at day 90 (N=10 patients). However, this analysis is limited by the small sample 

size. Table 9 summarizes the peptide specific response rate by IFN-γ ELIspot at day 50 and day 

90. The change in ELIspot CD8+ T cell frequency was measured by the ratio of post versus pre 

treatment value of ELIspot number of CD8+ T cells against each of the specific antigens. 

Wilcoxon signed ranked test was used to test whether this ratio is equal to 1. These data are 

presented in Table 10. 
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Table 8. Vaccine. Summary of tumor response data (RECIST): Best Response (N=22) 
and immunologic response (ELIspot) at day 50 and day 90 post-vaccination (N=20) 

 

Primary Stage 
Best 

Response 
(RECIST) 

Duration 
of Resp. 
(Months) 

History of 
brain 

metastases 

Site of 
progression 

 
ELIspot* 

Day 
50 

Day 
90 

1.Unknown M1a PD 0 yes brain, LN n NE 
2.Cutaneous M1b SD 4 0 LN, lung n n 
3.Cutaneous M1c PD 0 yes subQ, LN NE NE 
4.Cutaneous M1a SD 7 0 LN p p 
5.Cutaneous M1c PR 2 0 liver n p 
6.Cutaneous M1b PD 0 0 lung p NE 
7.Cutaneous M1b SD 2 0 lung n n 
8.Cutaneous M1b PD 0 0 lung p NE 
 9.Cutaneous   NE  NE  NE yes  NE NE NE 
10.Unknown M1c PD 0 0 LN, subQ n NE 

11.Cutaneous M1c SD 4 yes brain p n 
12.Unknown M1c SD 2 yes brain, lung n n 
13.Unknown M1c SD 6 yes brain p p 
14.Cutaneous M1a PD 0 0 subQ n NE 

15.Cutaneous M1c PD 0 yes brain, bone, 
liver, lung 

n NE 

16.Cutaneous M1c PD 0 yes brain p NE 

17.Cutaneous M1c PD 0 0 liver, lung, 
muscle, subQ 

n NE 

18.Cutaneous M1a PD 0 0 liver, LN, 
subQ 

n NE 

19.Cutaneous M1a PD 0 0 LN, subQ n NE 
20.Cutaneous M1c SD 2 0 LN p p 
21.Mucosal M1b SD 2 0 Lung p p 

22.Cutaneous M1b PR 4+ 0 NA n n 
NE: non-evaluable; LN: lymph node; subQ: subcutaneous; NA: non-applicable; p=positive; n=negative 
*Twenty patients had day 50 samples for ELIspot testing and only 10 had day 90 samples 

 

Table 9. Vaccine. Peptide specific response rate by IFN-γ ELIspot at day 50 
(N=20) and day 90 (N=10) 

 Response rate (90% CI) 
 DAY 50 DAY 90 

T2+CD8+Mart 27-35 0.32 (0.15, 0.53) 0.1 0 (0.005, 0.39) 
T2+CD8+Gp100 209-217 0.25 (0.10, 0.46) 0.50  (0.22, 0.78) 
T2+CD8+Tyr368-376D 0.28 (0.12, 0.50) 0.20 (0.037, 0.51) 
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Table 10. Vaccine. The change in ELIspot CD8+ T cell frequency as measured by the ratio of 
post versus pre treatment value of ELIspot number of CD8+ T cells against each of the specific 
antigens. 
 Day 50 Day90 
 Median 

(range) 
p-value Median 

(range) 
p-value 

T2+CD8+Mart 27-35 1.5 (0, inf) 0.02 1.4 (0.4, 3.2) 0.11 
T2+CD8+Gp100 209-
217 

1.3(0, Inf) 0.05 1.7 (0.3, 18.5) 0.06 

T2+CD8+Tyr368-376D 1.3 (0, 4.7) 0.03 1.5 (0.4, 3.9) 0.06 
 

 

5.3.3.2 Response  

Response data are available for 21 patients. Two patients (M1b, M1c) had PR and 8 

(4M1c, 3M1b, 1M1a) had SD lasting 2-7 months. Among 7 evaluable patients with history of 

treated brain metastases, 6 had disease progression in the brain.    

 

5.3.3.3 Survival 

 One patient with ongoing SD continues on treatment. All other patients have 

progressed and among these only 10 are still alive with a median follow up time of 7.39 months 

(range 3.22 to 20.47 months).  Among the first 11 patients enrolled on the study who have 

reached at least 1 year of follow up from first vaccination, 8 were alive at one year.  

 

Median PFS is 1.87 months (90% CI=1.84, 3.68). Figure 4 shows the Kaplan–Meier plot of the 

probability of PFS. Median OS is 13.4 months (90% CI=11.3, Inf). Figure 5 shows the Kaplan–

Meier plot of the probability of OS. 
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5.3.4 Safety 

Table 11 summarizes AEs by severity that were considered possibly, probably or definitely 

related to the study regimen. No regimen-related grade 3/4/5 toxicities were observed. 

 

 

 

 

 

Figure 4. Vaccine. Kaplan – Meier plot of  
the probability of progression-free survival 
(N=21). The estimated median is 1.87 
months (90% CI=1.84, 3.68) 

Figure 5. Vaccine. Kaplan – Meier plot of 
the probability of overall survival (N=21).  
The estimated median is 13.4 months (90% 
CI=11.3, Inf) 
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Table 11.  Vaccine. Adverse events considered possibly, probably or definitely related to the study regimen 
presented by worst grade (CTCAE v.3) (N=22 patients) 
Type  All Grades  Grade 1  Grade 2  Grade 3/4  

 No. 
Patients  

%  No. Pts.  %  No.  
Pts.  

%  No.  
Pts.  

%  

Constitutional          

   Allergic rhinitis 3 14 2 9 1 5 0 0 

   Fatigue 9 41 7 32 2 9 0 0 

   Fever 4 18 4 18 0 0 0 0 

   Insomnia 3 14 2 9 1 5 0 0 

   Rigors/chills 3 14 3 14 0 0 0 0 

  Sweating/diaphoresis 1 5 1 5 0 0 0 0 

   Weight loss 1 5 1 5 0 0 0 0 

   Limb edema 2 9 1 5 1 5 0 0 

Dermatologic/Skin         

Injection site reaction  15 68 15 68 0 0 0 0 

Pruritus/itching 5 23 4 18 1 5 0 0 

Rash 2 9 1 5 1 5 0 0 

Gastrointestinal          

   Anorexia 2 9 1 5 1 5 0 0 

   Diarrhea 2 9 2 9 0 0 0 0 

   Nausea 9 41 8 36 1 5 0 0 

   Taste alteration 1 5 0 0 1 5 0 0 

   Vomiting 7 32 1 5 5 23 0 0 

Infection         

   Mucosal  1 5 0 0 1 5 0 0 

   Skin  1 5 0 0 1 5 0 0 

Neuro-Psychiatric          

    Psychosis 1 5 0 0 1 5 0 0 

Respiratory          

    Cough 2 9 2 9 0 0 0 0 

    Dyspnea 1 5 1 5 0 0 0 0 

Other          

Hypertension  1 5 1 5 0 0 0 0 

    Hypotension 1 5 1 5 0 0 0 0 

    Headache 4 18 1 5 3 14 0 0 

   Pain    (muscle/extremity) 6 27 6 27 0 0 0 0 



 33 

 

 

6.0 THIRD CHAPTER: BIOMARKERS 

 

 

 

6.1 CANDIDATE BIOMARKERS OF PROGNOSTIC AND/OR PREDICTIVE 

VALUE TESTED IN CORRELATION WITH THE 2 CLINICAL TRIALS AS 

MARKERS OF CLINICAL BENEFIT AND REVERSAL OF IMMUNE 

TOLERANCE (1) NON-ANTIGEN SPECIFIC COMBINATION 

IMMUNOTHERAPY WITH TREMELIMUMAB AND IFN-Α AND (2) ANTIGEN-

SPECIFIC TRIPLE PEPTIDE VACCINATION IN-OIL ADJUVANT WITH PF-

3512676 AND GM-CSF 

 

6.1.1 The induction of autoimmunity is associated with immunotherapeutic benefits and 

has a potentially significant prognostic value and may lead to future predictive biomarkers 

 

Paraneoplastic depigmentation among patients with melanoma has been reported to be a sign of 

favorable prognosis.103-105 Recent studies of immunotherapy for melanoma including high-dose 

IL-2 and anti-CTLA4 blocking antibodies have suggested a correlation of antitumor effects and 

autoimmune phenomena.19, 59-70, 106 Recently, a study testing a modified adjuvant IFN-α regimen 

(HeCOG 13A/97) reported a strong correlation of prolonged relapse-free and overall survival 
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with prospectively assessed autoimmune phenomena and/or the appearance of auto-antibodies in 

the serum.58  We, at the University of Pittsburgh and ECOG have had similar findings in our 

evaluation of sera from patients treated in the E2696 and E1694 adjuvant melanoma IFN-α 

trials.106 These observations support the hypothesis that the prevention of melanoma relapse and 

mortality with IFN-α is associated with immunomodulation that may increase resistance to 

melanoma. Therefore, the evaluation of induced autoimmunity in the context of our studies is 

reasonable as a potential surrogate of successful reversal of immune tolerance. Future studies of 

autoimmunity and its genetic determinants may help identify patients most likely to benefit from 

immunotherapies associated with autoimmunity.  

 

6.1.2 C-reactive protein (CRP) is an ideal candidate as a baseline predictive biomarker of 

therapeutic benefit and the capacity to overcome immune tolerance 

  

Data supports a role for high serum CRP as a poor prognostic maker and as a marker of immune 

tolerance in advanced melanoma.107 For first detection of melanoma stage IV disease, serum 

CRP has been shown to be potentially superior to conventional LDH measurement.108 As 

interesting is a potential role for CRP in mediating immune tolerance. CRP is synthesized by 

hepatocytes in response to interleukin-6 (IL-6) during inflammation in concentrations that 

oscillate between nontolerogenic and tolerogenic levels and where there is a physiological role of 

“ectopic” thymic expression in tolerance induction to CRP (and other acute-phase proteins) and 

possibly other inducible self-antigens.109, 110 CRP binds to phosphocholine (PC) and related 

molecules on microorganisms and plays an important role in host defense. However, a more 

important role may be the binding of CRP to PC in damaged membranes. CRP increases 
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clearance of apoptotic cells, binds to nuclear antigens and by masking autoantigens from the 

immune system or enhancing their clearance, CRP may prevent autoimmunity.109 Interestingly, a 

study utilizing a human hepatoma cell line showed that IFN-α inhibits CRP promoter activity 

and CRP secretion.111 Our ability to demonstrate a significant association between baseline CRP 

level and therapeutic benefit would first, provide a potential baseline predictive biomarker. 

Second, it may demonstrate the impact of IFN-α on reversing immune tolerance mediated by 

CRP if patients with higher baseline CRP are shown to benefit from the tremelimumab-HDI 

combination. This may open the way towrads future research focusing upon CRP as a potential 

mediator of tumor immune tolerance and possible inhibition as a component of an 

immunotherapeutic strategy.   

 

6.1.3 Absolute lymphocyte count (ALC) is another ideal candidate as a baseline predictive 

biomarker of therapeutic benefit and the capacity to overcome immune tolerance 

 

A lower total or absolute lymphocyte count (ALC) has been reported as a marker of immune 

suppression, increased risk of infection and poor prognosis in patients with HIV, tuberculosis 

and other infections.112, 113 Studies have shown that lymphopenia is commonly observed in 

patients with advanced cancers and correlated to poor prognosis in terms of overall and 

progression-free survival in patients with different cancer types, including breast cancer, 

sarcoma, lymphoma and colorectal cancer. 114-118 In patients with melanoma, a pooled analysis of 

3 studies testing ipilimumab anti-CLA4 blockade in metastatic melanoma, higher peripheral 

blood ALC after ipilimumab were significantly associated with clinical activity.119-121 Similarly, 

in another analysis of 51 evaluable patients who received ipilimumab at a single institution, ALC 
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also correlated with clinical benefit. Patients with an ALC ≥1000/uL after 2 ipilimumab doses 

(Week 7) had a significantly improved clinical benefit rate and median OS than those with ALC 

<1000/uL (51% vs 0%; 11.9 months vs 1.4 months).122 Therefore, the evaluation of baseline 

ALC in the context of our studies is reasonable as a potential predictive biomarker of clinical 

benefit.  

  

6.1.4 Monitoring the impact of our regimens on circulating T regulatory cells (T-reg) and 

myeloid derived suppressor cells (MDSC) may allow a better understanding of the 

differential clinical outcome  

 

Regulatory T cells mediate homeostatic peripheral tolerance by suppressing autoreactive T cells. 

However, tumors appear to benefit from an immunosuppressive role mediated by Tregs that 

suppress tumor-specific T cell immunity and contribute to growth of human tumors.123 Tregs 

have been shown to accumulate in human tumors and the peripheral circulation of patients with 

cancer and contribute to down-regulation of immune activity of effector T cells and suppression 

in the tumor microenvironment by several mechanisms.123, 124 In parallel, myeloid-derived 

suppressor cells (MDSCs) have been implicated in the induction of CD8(+) T cell tolerance in 

tumor-bearing hosts. They are increased in frequency in the peripheral circulation and tumors of 

nearly all cancer patients and have a remarkable ability to suppress T-cell responses.125 We 

hypothesize that superior immunotherapeutic clinical activity would be associated with more 

effective downregulation of the host suppressor cellular immune response. 
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6.1.5 Other candidate biomarkers for testing in the context of these 2 trials  

 

A variety of other non-specific melanoma biomarkers, cytokines and chemokines that have 

potential disease prognostic or therapeutic predictive value and are associated with the 

phenomena of reversal of immune tolerance are good candidates to be pursued in this analysis 

(reviewed by Tarhini, et. al.  Diagnostic and Prognostic Biomarkers and Therapeutic 

Targets in Melanoma. Springer Science/Humana Press. 2010). Please see section IV.B. In 

addition, tumor antigen specific T cell responses have been pursued (data pending).  

 

Antigen-specific T-cell immune response is associated with improved survival in 

advanced melanoma patients treated with peptide vaccination and would be a reliable 

biomarker of a potentially improved immunization strategy:  Vaccination with multi-epitope 

peptide vaccine containing HLA-A2-restricted MART-1 (27-35), gp100 (209-217, 210M), and 

tyrosinase (368-276, 370D) peptides has been employed in several clinical trials with consistent 

evidence that the vaccination is well tolerated and could be associated with immunological and 

clinical responses in melanoma 93 In E1696, ELIspot assay responses defined by doubling of 

pretreatment antigen-specific T cell precursor frequencies was found to be associated with longer 

median survival (21.3 versus 10.7 months; p=0.001), but not progression free survival. The 

influence of GM-CSF and IFNα2b, both given systemically (a point of distinction from our study 

where GM-CSF is given locally in-ISA oil-adjuvant with the peptides), upon the vaccine 

immunological and antitumor responses did not reach statistical significance 6. 
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CTLA-4 blockade enhances polyfunctional NY-ESO-1 specific T cell responses in 

metastatic melanoma patients with clinical benefit: Fifteen metastatic melanoma patients 

treated with ipilimumab anti-CTLA-4 therapy were selected on the basis of availability of 

suitable specimens for immunologic monitoring, and eight of these showed evidence of clinical 

benefit. Five of the eight patients with evidence of clinical benefit had NY-ESO-1 antibody, 

whereas none of seven clinical non-responders was seropositive for NY-ESO-1. All five NY-

ESO-1 seropositive patients had clearly detectable CD4+ and CD8+ T cells against NY-ESO-1 

following treatment with ipilimumab. One NY-ESO-1 seronegative clinical responder also had a 

NY-ESO-1 CD4+ and CD8+ T cell response, possibly related to prior vaccination with NY-ESO-

1. Among five clinical non-responders analyzed, only one had a NY-ESO-1 CD4+ T cell 

response and this patient did not have detectable anti-NY-ESO-1 antibody. Overall, NY-ESO-1-

specific T cell responses increased in frequency and functionality during anti-CTLA-4 treatment, 

revealing a polyfunctional response pattern of IFN-γ, MIP-1β and TNF-α. It was therefore 

suggested that CTLA-4 blockade enhanced NY-ESO-1 antigen-specific B cell and T cell 

immune responses in patients with durable objective clinical responses and stable disease.126 

 

6.2 METHODS 

Candidate biomarkers of prognostic and/or therapeutic predictive value tested in 

correlation with immune tolerance and clinical benefits in both studies  

 

For the purpose of biomarker studies conducted within the IFNα-2b and anti-CTLA-4 clinical 

trial, blood samples were collected at baseline (before any treatment), during therapy and at 

progression. 
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6.2.1 First Objective: To test the hypothesis that the development of autoimmunity in 

melanoma patients during therapy is associated with clinical benefit (CR, PR, or SD).  

Patient serum samples were tested (baseline, during treatment and at progression) for the 

presence of the following autoantibodies using ELISA 127: Antinuclear antibody (ANA) Screen, 

Thyroid Stimulating Immunoglobulin (TSI), Antithyroglobulin antibody (ATGAB),  

Antithyroperoxidase Antibody (ATPOAB), Antimicrosomal antibody (negative <1:100 titer),  

Anticardiolipin (TOTAL: IgA + IgM + IgG).   

Definition of “induced autoimmunity”: Induced autoimmunity (present/absent) was defined by at 

least one of the following: 

• the existence of antibody (during treatment) above threshold to any one of 6 different 

antigens 

• the existence of immune-related adverse events (irAEs) during treatment (CTCAE v.3 

grade 2 or higher except for isolated hypopigmentation due to the fact that the vaccine 

targets melanosomal lineage antigens and potentially may confound our analysis). 

The associations between induced autoimmunity (present/absent) and clinical benefit (CR, PR, 

or SD versus PD) were tested using Fisher's Exact Test.  

 

6.2.2 Second Objective: Test the hypothesis that baseline C-reactive protein (CRP), absolute 

lymphocyte counts (ALC), vascular endothelial growth factor (VEGF), interleukin-6 (IL6), and 

other candidate biomarkers are predictive for therapeutic benefit. 

These biomarkers were measured in serum utilizing baseline serum samples and were 

tested by ELISA.127 Clinical benefit was defined as stable disease (SD) or response (PR or CR) 
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versus progression (PD) by RECIST criteria. The association between a certain biomarker 

(high/low) and clinical benefit (CR, PR, or SD versus PD) were tested using Fisher's Exact Test.  

 

6.2.3 Third Objective: Test the hypothesis that superior clinical activity will be associated with 

more significant modulation/downregulation of the host suppressor cellular immune response.  

Multicolor flow cytometry was used to compare cellular marker expression on peripheral 

blood mononuclear cells (PBMCs) before and after treatment, focusing on circulating T-

regulatory cells and myeloid derived suppressor cells. T-regs were defined as cells expressing (1) 

CD4+CD25hi+FoxP3+ or (2) CD4+CD25hi+CD39+ activated T cells (CD3+CD4+CD25+).128 

MDSC were defined as cells expressing (1) Lin1-/HLA-DR-/CD33+/CD11b+ lymphoid type 

MDSC, (2) Lin1-/HLA-DR-/CD33+/CD11b+ monocytic type MDSC or (3) HLA-DR+ 

low/CD14+ monocytic type MDSC.129, 130 Within-patient changes in T-regs and MDSCs from 

baseline to day 29 (IFN/treme) or day 50 (vaccine) and from baseline to day 85 (IFN/treme) or 

day 90 (vaccine) were be tested by Wilcoxon signed-rank test. Within-patient changes in T-regs 

and MDSCs were also compared between the patients with CR/PR/SD tumor response (RECIST) 

and those with PD response, by using the two-sample Wilcoxon rank-sum test. 

 

6.3 RESULTS 

 

6.3.1 Safety and efficacy of combination biotherapy IFNα-2b and CTLA-4 blockade with 

tremelimumab in patients with inoperable AJCC stage III and stage IV melanoma 

6.3.1.1 Induced Autoimmunity 
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There is significant association between autoimmunity and clinical benefit (CR/PR/SD 

versus PD; P= 0.0059) by Fisher's Exact Test. Figure 6. 

 

Figure 6. IFN-Treme. This figure illustrates the distribution of patients with therapy-
induced autoimmunity by clinical benefit (CR/PR/SD versus PD).   
 

Auto
immu
nity 

Clinical
Benefit

CR/PR/
SD PD

Tot
al

No 3 7 10

Yes 19 4 23

Total 22 11 33

 

 

 

6.3.1.2 CRP 

There is significant association between baseline CRP (<=2.7ULN versus >2.7ULN) and 

clinical benefit (p= 0.0494 by Fisher's exact test). The probability of survival is also significantly 

different (p= 0.0032 by log-rank test) in favor of low CRP. Figure 7.  
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Figure 7. IFN-Treme. This figure illustrates the distribution of C-reactive protein by clinical benefit 
(CR/PR/SD versus PD) and the probability of survival (CRP; <=2.7ULN versus >2.7ULN).  

 

CRP Clinical Benefit

CR/PR/SD PD Total

<=2.7ULN 18 5 23

>2.7ULN 4 6 10

Total 22 11 33
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6.3.1.3 ALC 

ALC at baseline is significantly different by response (CR/PR versus SD/PD; p= 0.0183) 

and by clinical benefit (CR/PR/SD versus PD; p=0.0255) by Wilcoxon two-sample test. Figure8. 

 

Figure 8. IFN-Treme. This figure illustrates the distribution of the baseline absolute lymphocyte 
count (ALC) by response (CR/PR versus SD/PD) and by clinical benefit (CR/PR/SD versus PD).   

 
 

 

 

 

6.3.1.4 VEGF and IL-6 

Figure 9 illustrates the distribution of baseline VEGF and IL-6 by clinical benefit 

(CR/PR/SD versus PD).  
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Figure 9. IFN-Treme. This figure illustrates the distribution of baseline VEGF and IL-6 by clinical benefit 
(CR/PR/SD versus PD).   

 

 
 

 

 
 



 45 

 

6.3.1.5 Multicolor flow cytometry comparing cell surface marker expression on PBMCs 

before and after treatment to monitor T-regulatory cells (T-reg) and myeloid-derived 

suppressor cells (MDSC) in the blood at baseline and following treatment  

 

T-regs were defined as cells expressing (1) CD4+CD25hi+FoxP3+ or (2) 

CD4+CD25hi+CD39+ 128. MDSC were defined as cells expressing (1) Lin1-/HLA-DR-

/CD33+/CD11b+ (lymphoid type MDSC), (2) Lin1-/HLA-DR-/CD33+/CD11b+ (monocytic 

type MDSC) or (3) HLA-DR+ low/CD14+ (monocytic type MDSC)129, 130. Change in T-reg and 

MDSC was compared between baseline, Day 29 (completion of the induction phase of IFN-α) 

and day 85 (completion of one course of combination of tremelimumab and IFN-α). Table 12 

and Figure 10 summarize the flow cytometry data comparing cell surface marker expression on 

PBMCs before and after treatment. There was significant increase in the percentage of 

CD4+CD25hi+ CD39+  T-reg at D85 (p=0.018) and less significantly at D29 (p=0.09) compared 

to baseline, as illustrated in Figure 11.   
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Table 12. IFN-Treme. Multicolor flow cytometry comparing cell surface marker expression on 
PBMCs before and after treatment to monitor T-regulatory cells (T-reg) and myeloid-derived 
suppressor cells (MDSC) in the blood at baseline and following treatment (Day 29 and Day 85) in 
patients treated with tremelimumab and IFN-α. 

 
Change 
at D29 

Std 
Dev  

P-
value 

 
Change 
at D85 

Std 
Dev 

P-
value 

 

D 29: 
CR/PR  
vs.  
SD/PD 

D 85: 
CR/PR 
vs. 
SD/PD 

T-Regs       P-value P-value 
CD4+ % 4.3 8.7 0.003 2.2 11.85 0.283 0.226 0.164 
CD4+CD25+ % -1.0 3.0 0.065 -0.6 4.59 0.292 0.771 0.948 
CD4+/CD25hi+ 
% -0.4 1.3 0.186 0.0 1.42 0.912 0.803 0.727 
CD4+CD25hi+ 
CD39+ % 3.6 23.4 0.092 7.7 17.89 0.018 0.088 0.220 
CD4+CD25hi+ 
Foxp3+ % 1.9 8.7 0.190 2.1 6.58 0.108 0.562 0.695 
MDSC         
% lymphoid type  
Lin1-/HLA-DR-
/CD33+/CD11b+ -1.1 6.8 0.055 -2.0 5.97 0.072 0.131 0.048 
% monocyte type  
Lin1-/HLA-DR-
/CD33+/CD11b+ -6.1 20.6 0.040 1.5 26.07 0.873 0.771 0.679 
% monocyte type 
HLA-DR+ 
low/CD14+ -21.5 28.2 

<.000
1 -14.3 21.11 0.001 0.041 0.529 
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Figure 10. IFN-Treme. This forest plot presents graphically the multicolor flow cytometry data 
summarized in Table 12. It compares cell surface marker expression on PBMCs before and after 
treatment to monitor T-regulatory cells (T-reg) and myeloid-derived suppressor cells (MDSC) in 
the blood at baseline and following treatment (Day 29 and Day 85) in patients treated with 
tremelimumab and IFN-α. 
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In terms of MDSC, there was significant decrease in the percentage of all MDSC 

populations at D29, most significantly for the monocytic MDSC type (HLA-DR+ low/CD14+) at 

D29 (p<0.0001) and D85 (P=0.001), as illustrated in Figures 12. Less significantly we noted 

decrease in the percentage of lymphoid type MDSC (Lin1-/HLA-DR-/CD33+/CD11b+) at D29 

(p=0.055) and D85 (p=0.07) and these appeared to be more significantly decreased in responders 

(CR/PR) versus non-responders (SD/PD), at D85 (p=0.048), as illustrated in Figures 13 and 14. 

Figure 11. IFN-Treme. Significant increase in the percentage of CD4+CD25hi+ CD39+ 
T-reg at day 85 (p=0.018) and less significantly at day 29 (p=0.09) following IFN-
α/tremelimumab as compared to baseline 
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There was also decrease in the frequency of monocytic MDSC type (Lin1-/HLA-DR-

/CD33+/CD11b+) at D29 (p=0.04), Figure 15.   

 

Figure 12. IFN-Treme. Significant decrease in the percentage of the monocyte MDSC type (HLA-DR+ 
low/CD14+) at day 29 (p<0.0001) and day 85 (p=0.001) following IFN-α/tremelimumab compared to 
baseline 
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Figure 13. IFN-Treme. Decrease in the percentage of the lymphoid MDSC type (Lin1-HLA-DR-
CD33+CD11b+) at day 29 (p=0.055) and day 85 (p=0.07) following IFN-α/tremelimumab compared to 
baseline 

 

Figure 14. IFN-Treme. Change in the percentage of lymphoid type MDSC (Lin1-HLA-DR-CD33+CD11b+) 
at D85 (completion of one course of IFN-α/tremelimumab) compared to baseline plotted by tumor response 
status (CR/PR versus SD/PD) 
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6.3.1.6 Correlations between baseline serum cytokines/soluble proteins and suppressor 

cellular levels 

There was significant correlation between baseline serum IL-6 and CRP (Spearman's 

correlation; p<0.0001). There was correlation between baseline CRP and monocytic MDSC type 

(HLA-DR+ low/CD14+) (Spearman's correlation; p=0.067), and between baseline CRP and 

CD4+CD25hi+FoxP3+ T-reg (Spearman's correlation; p=0.02). 

 

 

Figure 15. IFN-Treme. Decrease in the percentage of monocytes type MDSC (Lin1-/HLA-DR-
/CD33+/CD11b+) at D29 (p=0.04) and D85 (p=NS) following IFN-α/tremelimumab compared to 
baseline 
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6.3.2 Safety and immunogenicity of vaccination with multi-epitope peptide vaccine 

containing MART-1 (26-35, 27L),  gp100 (209-217, 210M), and tyrosinase (368-376, 370D) 

peptides given in-oil-adjuvant with the combination of TLR-9 agonist PF-3512676 and 

GMCSF for HLA-A2+ patients with recurrent inoperable stage III or stage IV melanoma 

6.3.2.1 Induced Autoimmunity 

Among 18 patients tested, none had evidence of induced autoimmunity (by our 

definition) at day 50 or day 90. 

 

6.3.2.2 CRP/ALC 

Wilcoxon rank-sum test was used to compare baseline level of ALC and CRP in patients 

whose best response was SD/PR and those whose best response was PD. No statistically 

significant differences were found. The corresponding p-values were 0.30 and 0.76. These are 

illustrated in Figure 16 where the boxplots show a clear trend towards a lower baseline ALC in 

patients with PD as compared to patients with PR/SD.  
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6.3.2.3 Multicolor flow cytometry comparing cell surface marker expression on PBMCs 

before and after treatment to monitor T-regulatory cells (T-reg) and myeloid-derived 

suppressor cells (MDSC) in the blood at baseline and following treatment  

 

T-regs were defined as cells expressing: (1) CD4+CD25hi+FoxP3+ or (2) 

CD4+CD25hi+CD39+ 128. 

 

MDSC were defined as cells expressing: (1) Lin1-/HLA-DR-/CD33+/CD11b+ (lymphoid 

type MDSC), (2) Lin1-/HLA-DR-/CD33+/CD11b+ (monocytic type MDSC) or (3) HLA-DR+ 

low/CD14+ (monocytic type MDSC)129, 130. 

Figure 16. Vaccine. This figure illustrates the distribution of baseline absolute 
lymphocyte count (ALC) and baseline C-reactive protein (CRP) by clinical benefit 
(PR/SD versus PD) 
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Changes in T-reg and MDSC were compared between baseline and Day 50 (following 4 

vaccinations) and Day 90 (following 8 vaccinations), that is the time points when PBMC were 

collected for IFN-γ ELIspot monitoring of the antigen specific cytotoxic T cell response. There 

were no significant changes in the percentage of Tregs or MDSC between baseline and D50 or 

D90, except for a trend towards a decreased percentage of other monocytes MDSC (HLA-DR+ 

low/CD14+) at day 50 (p=0.07), illustrated in Table 13 and Figures 17 and 18. 

 

Table 13. Vaccine. Multicolor flow cytometry comparing cell surface 
marker expression on PBMCs before and after treatment to monitor T-
regulatory cells (T-reg) and myeloid-derived suppressor cells (MDSC) in the 
blood at baseline and following treatment (day 50 and day 90) in patients 
treated with multi-epitope vaccine in adjuvant with PF-3512676 and 
GMCSF 

 
Change at 
Day 50 +/- se 

p-
value 

Change at 
Day 90 +/- se 

p-
value 

T-Regs     

CD4+ % 2.12 +/- 1.784 0.255 2.25 +/- 2.38 0.554 

CD4+CD25+ % 0.18 +/- 0.759 0.823 
0.49 +/- 
0.981 0.625 

CD4+/CD25hi+ % 
0.075 +/- 
0.357 0.559 close to 0 

close 
to 1 

CD4+CD25hi+ 
Foxp3+ % 

-5.01 +/- 
4.789 0.867 

-7.01 +/- 
8.334 0.625 

CD4+CD25hi+CD39+ 
% 

-0.71 +/- 
2.004 

close to 
1 

-0.36 +/- 
2.886 0.77 

MDSC     
% lymphocytes Lin1-
/HLA-DR-
/CD33+/CD11b+ 0.9 +/- 1.407 0.368 

0.58 +/- 
1.462 0.77 

% monocytes Lin1-
/HLA-DR-
/CD33+/CD11b+ -2.0 +/- 4.575 0.898 

1.57 +/- 
4.092 0.922 

% monocytes HLA-
DR+ low/CD14+ 

-9.35 +/- 
4.663 0.07 

-3.95 +/- 
8.095 0.846 
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Figure 17. Vaccine. This forest plot presents graphically the multicolor flow cytometry data 
summarized in Table 13. It compares cell surface marker expression on PBMCs before and after 
treatment to monitor T-regulatory cells (T-reg) and myeloid-derived suppressor cells (MDSC) in the 
blood at baseline and following treatment (day 50 and day 90) in patients treated with multi-epitope 
vaccine in adjuvant with PF-3512676 and GMCSF 
 
 

 
 

 

 

Figure 18. Vaccine. Decrease in the percentage of other monocytes MDSC type (HLA-DR+ 
low/CD14+) at day 50 compared to baseline (p=0.07) and day 90 following multi-epitope vaccine in 
adjuvant with PF-3512676 and GM-CSF 
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7.0 DISCUSSION 

 

 Non-tumor specific immunotherapy utilizing interleukin-2 (IL-2) and more recently 

ipilimumab (for metastatic melanoma) and interferon-α (for surgically resected melanoma) have 

produced the most significant results in the management of this disease leading to regulatory 

approval.3-5 On the other hand, results from antigen specific immunization modalities have been 

modest and have not yet translated into meaningful clinical benefits. These include cancer 

vaccines designed to increase immune recognition of tumor cells and to enhance the antitumor 

effector immune response through lymphocyte activation.3, 6, 7 To date, several tumor vaccination 

studies have demonstrated successful antitumor immunization but with modest clinical benefits 

while others have shown that tumors may progress in immunologically competent hosts in the 

face of existing and measurable anti-tumor immune responses.6 Therefore, although the 

components necessary for mounting an effective anti-tumor immune response may be present in 

patients with melanoma, the host usually fails to arrest tumor progression. In this project, I have 

conducted and compared 2 model studies representing alternative immunotherapeutic approaches 

(non-antigen specific compared to tumor antigen specific) meant to overcome tumor immune 

evasion and conducted separately in a similar patient population.  

First, I tested the combination of IFNα-2b and CTLA4 blockade with tremelimumab as a 

non-tumor antigen specific immunotherapy for advanced melanoma. Second, I tested peptide 

vaccination against melanoma lineage antigens given with a potent adjuvant combination of the 

TLR-9 agonist PF-3512676 and GM-CSF. My primary goals were to test efficacy and safety of 
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both regimens. In addition, I pursued the evaluation of select correlate biomarkers of immune 

tolerance and its reversal and immune monitoring of the host suppressor cellular response within 

both studies to better understand our clinical observations. Here, I evaluated candidate serologic 

and/or clinical biomarkers that are of potential prognostic value (induced autoimmunity: as a 

clinical marker of successfully overcoming immune tolerance) or therapeutic predictive value 

(CRP, IL-6, VEGF: as markers of enhanced immune tolerance). I evaluated the value of baseline 

ALC (lymphopenia as a marker of enhanced immune suppression) as a baseline therapeutic 

predictive biomarker for immunotherapy. Lastly, based on our clinical observations on both 

studies, I tested the hypothesis that tumor antigen nonspecific IFN-α/tremelimumab therapy 

when compared to the anti-melanoma peptide vaccine would more significantly downregulate 

the host suppressor immune response.      

 

Clinical Activity and Safety 

Table 14 summarizes the clinical efficacy data as observed in the IFN-α/tremelimumab study 

and the multi-epitope vaccine study. The IFN-α/treme study tested a strategy for overcoming 

tumor-induced immune suppression that builds upon the success of IFN-α and its 

immunomodulatory qualities in the adjuvant setting 43, 46 through downregulation of the CTLA4 

suppressive regulatory elements.36 IFN-α at high dosage (HDI) has been shown to play a critical 

role in interrupting tumor immune tolerance both improving tumor immunogenicity and 

increasing DC activation and survival.42, 131 IFN-α upregulates major histocompatibility complex 

(MHC) antigen processing and costimulatory molecules leading to efficient self-antigen 

presentation to previously quiescent low-affinity autoreactive T-cells.42, 131  IFN-α has been 

reported to affect almost all stages of myeloid DC generation, maturation, differentiation and 
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function47 increase activation and survival of DCs, which in turn promote maturation of effector 

CD8 T cells.42, 131  Therefore, IFN-α has a significant impact on conditioning the tumor and 

antigen-presenting cells (APCs) by making the tumor more immunogenic and enhancing antigen 

cross presentation, jointly leading to better anti-tumor immunization. Moreover, in their 

immature state, IFN-treated DCs induce a ‘polarized’ Th1 cytokine microenvironment.48 

Similarly, IFNs polarize lymphocytes towards the pro-inflammatory Th1 phenotype.49-51 This 

promotes a significant impact of  type-I IFNs in the cytotoxic T cell compartment, inducing 

potent antitumor cell-mediated cytotoxicity,52 and promoting NK cell-mediated proliferation and 

cytotoxicity.53 Type-I IFNs have been shown to activate APCs to produce chemokines that 

differentiate naïve CD4 T-cells, expand non-polarized antigen-primed Th1 T-cells, and cooperate 

with NK cells to induce anti-tumor CD8 T-cells to create a polarized Th1-biased tumor micro-

environment in which host effector response against melanoma is possible.132 This IFN-induced 

Th1 bias can be detected in melanoma patient circulation as an upregulation of the pro-

inflammatory cytokine response (Th1 polarization) as demonstrated in the adjuvant E1694 trial.46 

In addition, locally produced type-I IFNs induce the expression of integrins and chemokine 

receptors and recruitment of NK cells and macrophages leading to Th1 rather than Th2 

lymphocyte traffic to the tumor site.132 This has been demonstrated clinically where responding 

patients had significantly greater increases in intra-tumor CD11c+ DCs and CD3+ T-cells in a 

neoadjuvant melanoma study of HDI.13 Therefore, IFN-α induces a Th1 shift in immunity, 

promotes antitumor cell-mediated cytotoxicity and attracts Th1 lymphocyte traffic to the tumor, 

while increasing cellular expression of MHC, making tumor cells better targets for cell-mediated 

immune attack. However, this potent anti-tumor impact of IFN-α can still be suppressed by 

tumor tolerogenic mechanisms explaining the limited clinical activity of IFN-α as monotherapy 
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in metastatic melanoma.133-136 Combination with CTLA-4 blockade may alter this balance, 

downregulating the CTLA4 suppressive regulatory elements and possibly releasing inhibitory 

influences on activated CD25-expressing CD4 and CD8 effector cells, and thus, increasing their 

antitumor response. CTLA4 is a key element in immune tolerance and the main negative 

regulator of T cell-mediated antitumor immune responses where preclinical studies suggested 

that it serves as a natural braking mechanism for T-cell activation.21-24 The inhibitory signal 

produced by CTLA4 is therefore blocked by anti-CTLA4 mAbs (tremelimumab or ipilimumab), 

and T-cell activation is enhanced.25, 27, 31-33 Tremelimumab has been demonstrated to have a 

significant immune modulating role, unlocking the immune response by disrupting CTLA‐4, 

enhancing pro-inflammatory T-cell cytokine production54 and increasing T-cell infiltration in 

responding tumors.55 Therefore, IFN-α and tremelimumab may have an additive or a synergistic 

effect promoting tumor elimination. The currently tested combination of HDI and tremelimumab 

was relatively well tolerated with AEs that are expected and manageable. The frequency of AEs 

was not worse than those reported with HDI, tremelimumab or ipilimumab monotherapy.4, 77 The 

clinical activity is clearly promising by all measures analyzed in this study including durable RR 

(26%), PFS (median 6.4 months), OS (median 21 months) as well 1-year OS rate as analyzed by 

the Korn model (62% observed versus 21% predicted, p<0.0001). These results compare 

favorably to monotherapy with HDI,133-136  tremelimumab137 or ipilimumab.4 IFN-α was the first 

recombinant cytokine to be investigated clinically for the therapy of advanced metastatic 

melanoma yieldeding response rates of about 16% and responses were observed as late as 6 

months from initiation of therapy. However, the median duration of response was only about 4 

months.133-136 The ipilimumab-Gp100 phase III study that lead to recent FDA approval of 

ipilimumab for advanced inoperable melanoma randomized 676 pretreated patients. The RR was 
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5.7% (ipilimumab + gp100), 10.9% (ipilimumab + placebo), 1.5% (gp100 + placebo). Median 

OS increased from 6.4 months to 10.0 months with the addition of ipilimumab to gp100. The 

1year survival rates were 44% (ipilimumab + gp100), 46% (ipilimumab + placebo), 25% 

(ipilimumab + placebo).4 Similarly, tremelimumab has shown promising clinical activity in 

earlier trial testing in advanced melanoma that has lead to a subsequent phase III clinical trial 

(A3671009) in patients with treatment-naive advanced melanoma comparing tremelimumab (n = 

328) to standard-of-care chemotherapy (n = 327) with either dacarbazine or temozolomide. 138 

Although this study was halted for futility, the majority of responses to tremelimumab were 

durable and median survival was 12.02 months. Therefore, I conclude that the level of activity 

noted in this single arm phase II study warrants further testing in a randomized trial, and also 

supports the testing of ipilimumab in combination with IFN-α, preferably in a randomized phase 

II study.  

 

Cancer vaccination has the unique advantage of targeting the host immune response 

against tumor and creating melanoma specific immunity while potentially minimizing unwanted 

non-specific autoimmunity.7 However, tumor vaccination approaches have generally had limited 

clinical efficacy in melanoma despite solid preclinical data and the novel immunization strategies 

employed.6 One strategy to improve immunization outcomes is the testing of new and potent 

immunization adjuvants such as PF-3512676 and GM-CSF given in combination in oil-adjuvant 

as tested in this study with the multiepitope peptide vaccine for which significant data exist in the 

context of E1696 trial.6 In this study we have successfully immunized 9 (8 at day 50 and 1 at day 

90) out of 20 patients evaluable for immune response assessment which approaches the target of 

at least 9 ELISPOT positive patients based on the original design. Therefore, I consider this 
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vaccination regimen to be potentially worthy of further study. In addition, I consider this potent 

adjuvant combination administered locally with the vaccine to be worthy of further testing with 

this and other vaccines. Our clinical data build upon evidence from preclinical studies supporting 

this vaccination adjuvant combination.91, 92 My conclusion is also supported by the data that GM-

CSF when administered locally with tumor vaccines has been found to have beneficial effects on 

vaccine immune responses believed to be due to its effects on DCs 69, 88, 94, 95, including evidence 

that GM-CSF attracts DCs to the site of vaccine injection.96, 97 In our combination approach, this 

would be coupled with the impact of the TLR9 agonist on enhancing plasmacytoid dendritic cell 

(pDC) maturation, increasing their expression of MHC class I and II molecules and co-

stimulatory molecules, and promoting Th1-type immune responses.98, 99 Clinically, 10 out of 21 

patients had either a response or stable disease, although of limited duration (range 2-7 months). 

Median PFS was 1.9 months and median OS was 13.4 months compared to a historical control of 

median PFS of 1.7 months (95% CI, 1.6 months to 1.8 months) and median OS of 6.2 months 

(95% CI, 5.9 months to 6.5 months).20 It is noteworthy that 11/21 patients evaluable for efficacy 

had M1c disease. In addition, 7/21 had prior treated brain metastases and among these, 6/7 had 

subsequent disease progression in the brain. Brain metastases in patients with stage IV melanoma 

have been reported in at least 18% to 46% of patients139, 140, with roughly twice this prevalence 

reported in autopsy series140-143. Brain metastases are a major cause of morbidity and mortality, 

leading directly to death in as many as 95% of melanoma patients with CNS spread of the 

disease 140, 143, 144. Definitive local treatment can be achieved with surgery or stereotactic 

radiosurgery (SRS) with or without WBRT in carefully selected patients with limited disease and 

may prolong survival 145-150. We conclude that the clinical activity observed with this vaccination 

regimen in this poor prognosis population is notable. However, the overall clinical activity of the 



 62 

proposed regimen in this population is clearly suboptimal. In regards to the safety of this 

regimen, there were no regimen-related grade 3 or higher AEs. The vaccination regimen was 

relatively very well tolerated when compared to other systemic immunotherapeutic agents for 

melanoma such high dose IL-2 and anti-CTLA4 monoclonal antibodies or IFN-α.  

 

Comparing both approaches, the multiepitope vaccine regimen utilizing CpG and GM-

CSF as a potent adjuvant combination has successfully immunized 9/20 patients including 6 

patients with SD or PR. Although we have seen clinical activity in 48% of patients (2PR and 

8SD), the overall clinical activity has been modest when assessing the durability of the tumor 

responses and when compared to the level and durability of clinical activity we observed with 

the non-tumor specific approach utilizing IFN/treme. Our non-antigen specific 

immunotherapeutic approach relied on a strategy to enhance the patient’s antitumor response 

using an antibody that blocks one of the immunoregulatory mechanisms that are able to suppress 

host responses to TAAs. In fact, it is well supported that the induction of effective antitumor 

immunity in patients with cancer will require approaches aiming at the protection of anti-tumor 

immune cells (e.g. those induced/enhanced by IFN-α) from the inhibiting effects of myeloid-

derived suppressor cells, regulatory T cells or tumor derived inhibitory factors thus enhancing 

effector functions. In addition, our strategies should be aimed at prolonging survival of central 

memory T cells, thus ensuring long-term protection.2 The post therapeutic induction of 

autoimmunity appears to correlate with successful reversal of tumor immune tolerance in the 

IFN/treme study while no such observation was made in the vaccine study. The lack of evidence 

of induced autoimmunity against the 6 autoantigens tested in the vaccine study may support the 

hypothesis that tumor specific vaccination has the potential of focusing the immune response 
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while minimizing non-specific autoimmunity that limits therapy with other non-specific 

immunotherapeutic agents such as anti-CTLA4 antibodies, IL-2 or IFN-α.19, 58-70, 106. On the 

other hand, it may be due to the lack of potent modulation of immune tolerance or the suboptimal 

cross reactivity with tumor by the peptide activated T cells.4, 151 The relatively very good safety 

profile of the vaccine study and the rationale for focusing the immune response to melanoma 

makes the vaccine regimen a good candidate for combinations with other immunotherapeutic 

agents with superior clinical activity in melanoma such CTLA4-blockade with tremelimumab or 

ipilimumab where autoimmunity in the form of immune related AEs are potentially serious AEs 

limiting continued therapy. Other candidates for future combinations with the vaccine regimen 

that may enhance the patient’s antitumor response are other monoclonal antibodies (mAbs) that 

target other immunoregulatory checkpoints that are able to suppress/enhance host responses to 

tumor associated antigens (TAAs) such as anti-CTLA44, 152, anti-PD1 and anti-PD-L1 blocking 

mAbs153-155  as well as CD40156, OX40157 and CD137 (4-1BB)158 agonist mAbs. The use of 

antibodies that modulate these immunoregulatory mechanisms appear to be among the most 

promising strategies to enhance the patient’s antitumor response prolonging T-cell activation, 

restoring T-cell proliferation, and thus amplifying T-cell-mediated immunity.4 Interestingly, it 

has been reported that tumor antigen-specific CD8 T cells infiltrating tumor, including MART-

1/Melan-A melanoma antigen-specific CD8 T cells express high levels of PD-1 and are 

functionally impaired, in contrast to T cells in normal tissues and peripheral blood T 

lymphocytes.159 These findings suggest that the tumor microenvironment can lead to up-

regulation of PD-1 on tumor-reactive T cells and contribute to impaired antitumor immune 

responses.159 Therefore, a vaccination strategy combined with an anti-PD-1 blocking mAb has 

the potential of improving clinical efficacy to this vaccination approach. 
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Associated Biomarkers 

Identification of biomarkers that are predictive of therapeutic benefits would enable the 

better selection of patients in order to treat only those who are most likely to benefit from 

therapy, while sparing those less likely to benefit from the significant toxicities associated with 

treatment. This is especially important with anti-CTLA4 mAb therapy as well as IFN-α that 

induce durable clinical benefits in a group of patients while they are associated with significant 

toxicity in the majority of patients treated.  

 

Clinical evidence of autoimmunity was reported as a post treatment correlate of 

improved outcome for patients receiving high dose IL-2 in melanoma.160  In this setting, 

autoimmunity induced as a collateral event in association with antitumor effects noted with IL-2 

has been more carefully correlated with the antitumor effects of IFN-α and with ipilimumab 

suggesting that autoimmunity against non-tumor antigens in the host may accompany anti-tumor 

responses and be related to the abrogation of host immune tolerance to the tumor.4, 58  It is 

noteworthy, that the superior clinical activity we observed in IFN/treme study has been 

associated with a correlation between induced autoimmunity and clinical benefit in this study. 

No such relationship or trend was noticed in the vaccine study. Here, the induction of 

autoimmunity by IFN-Treme appears to be a potential surrogate marker of more significant 

reversal in immune tolerance or reversing immune suppression that may have blocked the 

autoimmunity (cross presentation) through the promoting effects of IFN-α and tremelimumab. 

On the other hand, it is possible that the use of a multiepitope vaccine given with potent 

immunologic adjuvant has lead to focusing of the immune response to affect tumor primarily. 
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However, given the suboptimal clinical activity in the vaccine study, it is also possible that the 

peptide activated T cells induced by the vaccine have suboptimal cross reactivity with tumor.4, 151 

Therefore, based on our findings in the IFN-treme study and similar observations I hypothesize 

that the prevention of melanoma relapse and mortality with IFN-treme is associated with 

superior immune modulation (compared to the vaccine regimen) that may more significantly 

increase resistance to melanoma.19, 58-70, 106 This immunotherapeutic induction of autoimmunity 

may provide a useful surrogate biomarker of therapeutic benefit to be evaluated in future studies. 

Studies of autoimmunity and its genetic determinants may help identify patients most likely to 

benefit from immunotherapies associated with autoimmunity, such as IFN-α, IL-2 and the anti-

CTLA4 mAbs ipilimumab and tremelimumab.   

 

Interestingly, I have found a significant predictive value for baseline CRP in the IFN-

Treme study but not in the vaccine study. For first detection of melanoma stage IV disease, 

serum CRP has been shown to be potentially superior to conventional LDH measurement.108 As 

interesting is a potential role for CRP in mediating immune tolerance. CRP is synthesized by 

hepatocytes in response to IL-6 during inflammation.109 CRP binds to phosphocholine (PC) and 

related molecules on microorganisms and plays an important role in host defense. However, a 

more important role may be the binding of CRP to PC in damaged membranes. CRP increases 

clearance of apoptotic cells, binds to nuclear antigens and by masking autoantigens from the 

immune system or enhancing their clearance, CRP may prevent autoimmunity.109 In this study, 

we have found significant correlation between baseline serum IL-6 and CRP. We have seen 

correlation between baseline CRP and monocyte MDSC type (HLA-DR+ low/CD14+), and 

between baseline CRP and CD4+CD25hi+FoxP3+ T-reg. These observations support a value for 
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CRP as a marker of enhanced immune tolerance and while it acts as a tolerogenic inducible 

serum protein in the setting of inflammation, 109, 110 it may play a similar role in mediating tumor 

tolerance (in this case CRP is induced by tumor derived IL-6). Interestingly, a study utilizing a 

human hepatoma cell line showed that IFN-α inhibits CRP promoter activity and CRP 

secretion.111 Therefore, our ability to demonstrate a significant association between baseline CRP 

level and therapeutic benefit provides a potential baseline predictive biomarker to be validated in 

larger studies. Second, it potentially demonstrates the impact of IFN-α on reversing immune 

tolerance mediated by CRP if patients with higher baseline CRP are shown to benefit from the 

tremelimumab-HDI combination (cut off of 2.7 ULN with IFN-Treme) where a study with 

tremelimumab monotherapy reported CRP at 1.5 ULN or less as a predictor of response.107  

 

Lymphopenia is a commonly observed laboratory finding in patients with advanced 

cancers and correlated to poor prognosis in terms of overall and progression-free survival in 

patients with different cancer types, including breast cancer, sarcoma,  lymphoma and colorectal 

cancer. 114-118 In a pooled analysis of 3 studies testing ipilimumab in metastatic melanoma, higher 

post-therapeutic peripheral blood ALC were significantly associated with clinical activity.119-121 

Similarly, in another analysis of 51 evaluable patients who received ipilimumab at a single 

institution, ALC also correlated with clinical benefit. Patients with an ALC ≥1000/uL after 2 

ipilimumab doses (Week 7) had a significantly improved clinical benefit rate and median OS 

compared to those with ALC <1000/uL (51% vs 0%; 11.9 months vs 1.4 months).122 In the IFN-

Treme study, no patient with an ALC<1550/µL had an objective response and no patient with an 

ALC<1200/µL had either an objective response or stable disease by RECIST. A similar but non-

significant trend was noted in the vaccine study. Put together, baseline CRP and ALC may be 
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part of a baseline biomarker signature that may have a significant baseline predictive value to be 

validated in larger future studies or used as stratification factors in future studies. The lack of 

significant  therapeutic predictive values for CRP and ALC in the vaccine study compared to 

IFN/treme may have to do with the magnitude of the therapeutic benefit observed as it may not 

be possible statistically to show significant correlation between responders (only 2 in the vaccine 

study) and non-responders. Although, we have seen a trend toward an association between 

baseline ALC and disease control (response + SD) on the box plots. Our findings on ALC are 

interesting, but it is important to explore the impact of our regimen on specific T-cell 

components, including helper, cytotoxic and regulatory, tumor antigen-specific T-cell reactivity 

as well as myeloid-derived suppressor cell (MDSC) activity. It is equally important to investigate 

circulating cytokines such as IL-6, VEGF, TGF-ß1, IL-10, GM-CSF and prostaglandin E2 

known to be associated with Treg and MDSC activation, recruitment and function in relation to 

the cellular findings.124, 125  

 

The superior clinical antitumor activity of the IFN-Treme regimen compared to our 

vaccine regimen appears to be associated with the more significant modulation of circulating T-

regulatory cells as well as MDSCs by this regimen. There is apparent increase in 

CD4+CD25hi+ CD39+ Tregs (D85; p=0.018) but this is also associated with an increase in the 

overall CD4+ T cell population (D29; p=0.003). In parallel, we found no significant impact of 

the vaccine regimen of the frequency of circulating CD4+ T cells and/or T-regs. Regulatory T 

cells mediate homeostatic peripheral tolerance by suppressing autoreactive T cells. However, 

tumors appear to benefit from an immunosuppressive role mediated by Tregs that suppress 

tumor-specific T cell immunity and contribute to growth of human tumors.123 Tregs have been 



 68 

shown to accumulate in human tumors and the peripheral circulation of patients with cancer.123 It 

is possible that the immunologic perception of TAA as self leads to Treg accumulation as a 

reaction to maintain immune tolerance. It is also hypothesized that as a response to 

immunosurveillance and editing, ongoing immunity is normally downregulated as antigen 

presentation and activation signals are reduced.1 T-regs contribute to down-regulation of immune 

activity of effector T cells and suppression in the tumor microenvironment by several 

mechanisms including the secretion of IL-10 and TGF-ß1 124, Fas/FasL and granzyme/perforin 

pathways mediated apoptosis of responder cells 161, and enzymatic (ectonucleotidases, CD39 and 

CD73) degradation of ATP to immunosuppressive adenosine which then binds to A(2a) 

receptors on effector T cells, suppressing their functions.128 Recently, it has been reported that 

human CD4+CD25highFOXP3+ Treg overexpress CD39.162, 163  CD4+CD39+and CD4+CD25high T 

cells express low levels of adenosine deaminase (ADA), the enzyme responsible for adenosine 

breakdown, and of CD26, a surface-bound glycoprotein associated with ADA. Human Treg 

characterized by the presence of CD39 and the low expression of CD26/ADA are responsible for 

the generation of adenosine, which plays a major role in Treg-mediated immunosuppression.128 

Therefore, we had an interest in looking at CD4+CD25hi+ CD39+ Tregs in the context of our 

studies and where we have seen downregulation following IFN-Treme. The expansion in 

CD4+CD25hi+ CD39+ Treg frequency following treatment with IFN-Treme is not surprising 

given the known mechanism of action of anti-CTLA4 mAbs and the blockade of CTLA4 on all 

CTLA4 expressing T cells, including T effector and Treg. When releasing the CTLA4 negative 

control on the lymphocyte cell cycle, lymphocytes proliferate, preferentially CD4+ T cells. T-reg 

express higher levels of CTLA4 in basal conditions. In fact, multiple other studies have reported 

expansion in T-reg frequencies or functions following treatment of cancer patients with 
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ipilimumab 164, 165 or tremelimumab.166 Maker et al. reported that the suppressive activity of T-

regs was not affected by the addition of 10 or 100 μg/ml ipilimumab in vitro to a co-culture of 

CD4+CD25+ T-regs and CD4+CD25− T effector cells at 1:1 ratio.165 On the other hand, Elkord 

et al reported that tremelimumab does not deplete T-regs in treated cancer patients, but expand 

Tregs in vitro expressing FoxP3 with no IL-2 release, suggesting them as “bona fide” T-regs.167 

Taken together with our data, I suggest that anti-CTLA4 mAbs induce anti-tumor immune 

responses mainly by directly inhibiting the CTLA4 suppressive effects on T effector cells 

leading to their expansion and prolonged activation and less so by affecting T-regs. 

 

Recent studies implicate MDSCs in the induction of CD8+ T cell tolerance in tumor-bearing 

hosts. MDSC are bone marrow-derived immature myeloid cells that are heterogeneous in nature 

and expand during cancer, inflammation and infection. They are increased in frequency in the 

peripheral circulation and tumors of nearly all cancer patients and have a remarkable ability to 

suppress T-cell responses.125 They suppress T-cell responses by a variety of mechanisms 

including regulation of the production of indoleamine-2,2-dioxygenase (IDO) by the tumor. IDO 

is involved in the catabolism of tryptophan, an amino acid essential for T-cell differentiation.168 

MDSC also induce T cell tolerance by producing an enzyme involved in L-arginine metabolism, 

arginase 1, as well as the activation of iNOS.169 MDSC appear to be recruited by tumor-derived 

soluble factors such as TGF-ß1, IL-10, VEGF, GM-CSF, IL-6 and prostaglandin E2 (PGE2). In 

the IFN/Treme study, we observed significant decrease in the percentage of all MDSC 

populations at day 29, most significantly for the monocytic MDSC type (HLA-DR+ low/CD14+) 

at day 29 (p<0.0001) and day 85 (P=0.001). Less significantly we noted decrease in the 

percentage of lymphoid type MDSC (Lin1-/HLA-DR-/CD33+/CD11b+) at day 29 (p=0.055) and 
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day 85 (p=0.07). There was also decrease in the frequency of monocytic type MDSC (Lin1-

/HLA-DR-/CD33+/CD11b+) at day 29 (p=0.04). In the vaccine study, similar to our observation 

with T-regs, MDSC were not significantly changed between baseline and day 50 or day 90, 

except for a trend towards a decreased percentage of monocytic MDSC type (HLA-DR+ 

low/CD14+) at day 50 (p=0.07). Overall, we note more significant modulation of the frequencies 

of circulating T-reg and MDSC by the IFN-Treme regimen compared to the vaccine. When 

looking in patient serum we saw correlations between baseline CRP and monocytic MDSC type 

(HLA-DR+ low/CD14+) that goes in parallel to the correlation between IL-6 and CRP. 

Therefore, it is possible that tumor derived factors such as IL-6, VEGF, TGF-ß1, IL-10, GM-

CSF, and prostaglandin E2 lead to the recruitment and expansion of MDSC and in the case of IL-

6 induce the secretion of CRP. We have seen that IL-6 significantly correlates with CRP, low 

CRP correlates with low MDSC and with the probability of response to IFN-Treme, while IFN-

Treme significantly downregulates MDSCs (and I suggest upregulates the antitumor effector 

response) and induces significant clinical benefits. 

 

 

 

8.0 CONCLUSIONS AND FUTIRE DIRECTIONS 

 

The IFN-Treme phase II study has met criteria for efficacy based on the original design 

for this trial (response rate) and also in relation to the model proposed by Korn et. al.  (significant 

improvement in 1-year OS rate predicted (21%)/ observed (62%); p≤0.0001). The combination 

of HDI and tremelimumab has tolerable and manageable toxicity in relation to the therapeutic 
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benefit observed. Testing in a randomized setting is therefore now warranted, both in the 

advanced metastatic disease setting, and also in the neoadjuvant and/or adjuvant setting, where 

IFNα has been the only available agent since its approval in 1995 (planned ECOG randomized 

phase II trial proposal in metastatic disease and UPCI 11-123 neoadjuvant ipilimumab-HDI trial 

for high risk operable disease).  Our vaccination regimen has a superior safety profile but inferior 

clinical efficacy as compared to IFN-Treme and is worthy of further testing with the same or 

alternative peptides (possibly cancer testis antigens), potentially in combination with mAbs that 

target immunoregulatory checkpoints, in an effort to improve clinical efficacy. Autoimmunity 

correlates with improved clinical outcome and possibly with significant reversal in immune 

tolerance. Studies of autoimmunity and its genetic determinants may help identify patients most 

likely to benefit from immunotherapies associated with autoimmunity, such as IFN-α, IL-2 and 

the anti-CTLA4 mAbs ipilimumab and tremelimumab (this is planned in the context of Spore 

Project1 with IFNα, UPCI 10-095 testing IL-2 and E1609 testing IFNα and anti-CTLA4 

ipilimumab; please see next paragraph). Baseline CRP and ALC are significantly predictive of 

therapeutic benefit of IFN-Treme and may serve as variables for stratification of future trials, 

once validated in a larger study (this is planned in the context of the proposed ECOG 

ipilimumab-HDI randomized trial and E1609). Collectively, our findings support more 

significant downregulation of the host suppressor immune response by the nonspecific IFN-

α/treme regimen as compared to the vaccine. There is apparent increase in CD4+CD25hi+ 

CD39+ Tregs (D85; p=0.018) but this is also associated with an increase in the overall CD4+ T 

cell population (p=0.003). In addition, we see parallel downregulation in several populations of 

MDSCs which may serve to reduce immune suppression. Autoimmunity induced as a collateral 

event in association with antitumor effects is noted with the IFN/treme regimen but not the 
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vaccine, in accordance with the differential ability of the two regimens to overcome self-

tolerance against melanocyte-related antigens. Studies of peripheral antigen-specific T-cell 

responses in the IFN-Treme are ongoing in the laboratory and will be correlated with host 

suppressor immune response. These immune monitoring/mechanistic studies are being validated 

in the context of UPCI 08-144 testing neoadjuvant ipilimumab and are planned in the context of 

the upcoming UPCI 11-123 testing neoadjuvant ipilimumab-HDI. Our findings will be validated 

in the context of the larger studies.   

 

Future therapeutic strategies will build on data obtained from these studies, both to refine 

immunotherapeutics designed to overcome tumor-induced immune suppression and tumor 

evasion and to identify biomarkers of prognostic and therapeutic predictive value. Additional 

approaches for clinical development may include combination strategies with other cytokines 

and monoclonal antibodies targeting 4-1BB (CD137), PD-1, and CD40 with or without 

melanoma-specific immunization. These could also be tested in combination with promising 

therapeutic approaches targeting groups of patients with specific activating mutations that drive 

malignant proliferation such as the V600E BRAF mutation and mutations and amplifications in 

the receptor tyrosine kinase c-kit. Testing of CTLA-4 blockade in the earlier adjuvant setting is 

planned in the upcoming Intergroup E1609 trial (Chair: A. Tarhini). The neoadjuvant setting 

with access to tumor tissue before and after neoadjuvant therapy provides an ideal opportunity to 

identify immunologic and histologic correlates of tumor response. This is ongoing in UPCI 08-

144 (PI: A. Tarhini), neoadjuvant ipilimumab trial with the goal of further validation of 

biomarker data in the context of E1609 adjuvant trial. Based on our results IFN-Treme, UPCI 

11-123 (PI: A. Tarhini) testing neoadjuvant ipilimumab and HDI combination will be launched 
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as a sequel to 08-144 (nearing completion). I have also proposed the combination of ipilimumab 

and HDI to be tested through ECOG in a randomized phase II trial based on IFN-Treme results. 

In parallel, immunogenetic determinants of autoimmunity induced by adjuvant IFN-α and IFN-α 

clinical benefits are planned as a corollary to the ongoing E1697 trial (Skin Spore Project1; Co-

leader: A. Tarhini). Biomarker and mechanistic data obtained in the context of IFN-Treme, 08-

144, Spore Project 1 and 11-123 (in the near future) will be validated in the context of E1609. In 

addition, building on the limited success of recombinant IL-2 in melanoma (5-6% durable 

response rate), a randomized multicenter phase II study has been initiated testing anti-VEGF 

therapy with VEGF Trap combined with IL-2 versus IL-2 monotherapy in a 2:1 randomization 

(Chair: A Tarhini). This study is being conducted through the NCI N01 mechanism based on 

data supporting a significant role for VEGF in mediating immune tolerance and where high 

serum VEGF predicts non-response to IL-2. Tissue and blood specimens are also being banked 

for the purpose of biomarker/mechanistic studies.  

 



 74 

BIBLIOGRAPHY 

1. Kirkwood JM, Tarhini AA, Panelli MC, et al. Next generation of immunotherapy for 
melanoma. J Clin Oncol 2008;26:3445-55. 
2. Whiteside TL. Inhibiting the inhibitors: evaluating agents targeting cancer 
immunosuppression. Expert Opin Biol Ther 2010;10:1019-35. 
3. Tarhini AA, Agarwala SS. Cutaneous melanoma: available therapy for metastatic 
disease. Dermatol Ther 2006;19:19-25. 
4. Hodi FS, O'Day SJ, McDermott DF, et al. Improved survival with ipilimumab in patients 
with metastatic melanoma. N Engl J Med 2010;363:711-23. 
5. Tarhini AA, Kirkwood JM. Clinical and immunologic basis of interferon therapy in 
melanoma. Ann N Y Acad Sci 2009;1182:47-57. 
6. Kirkwood JM, Lee S, Moschos SJ, et al. Immunogenicity and antitumor effects of 
vaccination with peptide vaccine+/-granulocyte-monocyte colony-stimulating factor and/or IFN-
alpha2b in advanced metastatic melanoma: Eastern Cooperative Oncology Group Phase II Trial 
E1696. Clin Cancer Res 2009;15:1443-51. 
7. Kim CJ, Dessureault S, Gabrilovich D, Reintgen DS, Slingluff CL, Jr. Immunotherapy 
for melanoma. Cancer Control 2002;9:22-30. 
8. Atkins MB, Lotze MT, Dutcher JP, et al. High-dose recombinant interleukin 2 therapy 
for patients with metastatic melanoma: analysis of 270 patients treated between 1985 and 1993. J 
Clin Oncol 1999;17:2105-16. 
9. Clemente CG, Mihm MC, Jr., Bufalino R, Zurrida S, Collini P, Cascinelli N. Prognostic 
value of tumor infiltrating lymphocytes in the vertical growth phase of primary cutaneous 
melanoma. Cancer 1996;77:1303-10. 
10. Taylor RC, Patel A, Panageas KS, Busam KJ, Brady MS. Tumor-infiltrating lymphocytes 
predict sentinel lymph node positivity in patients with cutaneous melanoma. J Clin Oncol 
2007;25:869-75. 
11. Hakansson A, Gustafsson B, Krysander L, Hakansson L. Tumour-infiltrating 
lymphocytes in metastatic malignant melanoma and response to interferon alpha treatment. Br J 
Cancer 1996;74:670-6. 
12. Mihm MC, Jr., Clemente CG, Cascinelli N. Tumor infiltrating lymphocytes in lymph 
node melanoma metastases: a histopathologic prognostic indicator and an expression of local 
immune response. Lab Invest 1996;74:43-7. 
13. Moschos SJ, Edington HD, Land SR, et al. Neoadjuvant treatment of regional stage IIIB 
melanoma with high-dose interferon alfa-2b induces objective tumor regression in association 
with modulation of tumor infiltrating host cellular immune responses. J Clin Oncol 
2006;24:3164-71. 
14. Tatsumi T, Kierstead LS, Ranieri E, et al. Disease-associated bias in T helper type 1 
(Th1)/Th2 CD4(+) T cell responses against MAGE-6 in HLA-DRB10401(+) patients with renal 
cell carcinoma or melanoma. J Exp Med 2002;196:619-28. 



 75 

15. Nishimura T, Nakui M, Sato M, et al. The critical role of Th1-dominant immunity in 
tumor immunology. Cancer Chemother Pharmacol 2000;46 Suppl:S52-61. 
16. Kadowaki N, Ho S, Antonenko S, et al. Subsets of human dendritic cell precursors 
express different toll-like receptors and respond to different microbial antigens. J Exp Med 
2001;194:863-9. 
17. Krieg AM. CpG motifs in bacterial DNA and their immune effects. Annu Rev Immunol 
2002;20:709-60. 
18. Krieg AM. Therapeutic potential of Toll-like receptor 9 activation. Nat Rev Drug Discov 
2006;5:471-84. 
19. Ribas A, Camacho LH, Lopez-Berestein G, et al. Antitumor activity in melanoma and 
anti-self responses in a phase I trial with the anti-cytotoxic T lymphocyte-associated antigen 4 
monoclonal antibody CP-675,206. J Clin Oncol 2005;23:8968-77. 
20. Korn EL, Liu PY, Lee SJ, et al. Meta-analysis of phase II cooperative group trials in 
metastatic stage IV melanoma to determine progression-free and overall survival benchmarks for 
future phase II trials. J Clin Oncol 2008;26:527-34. 
21. Brunet JF, Denizot F, Luciani MF, et al. A new member of the immunoglobulin 
superfamily—CTLA-4. Nature 1987;328:267-70. 
22. Khattri R, Auger JA, Griffin MD, Sharpe AH, Bluestone JA. Lymphoproliferative 
disorder in CTLA-4 knockout mice is characterized by CD28-regulated activation of Th2 
responses. J Immunol 1999;162:5784-91. 
23. Tivol EA, Borriello F, Schweitzer AN, Lynch WP, Bluestone JA, Sharpe AH. Loss of 
CTLA-4 leads to massive lymphoproliferation and fatal multiorgan tissue destruction, revealing 
a critical negative regulatory role of CTLA-4. Immunity 1995;3:541-7. 
24. Waterhouse P, Penninger JM, Timms E, et al. Lymphoproliferative disorders with early 
lethality in mice deficient in Ctla-4. Science 1995;270:985-8. 
25. Krummel MF, Allison JP. CD28 and CTLA-4 have opposing effects on the response of T 
cells to stimulation. J Exp Med 1995;182:459-65. 
26. Maker AV, Phan GQ, Attia P, et al. Tumor regression and autoimmunity in patients 
treated with cytotoxic T lymphocyte-associated antigen 4 blockade and interleukin 2: a phase I/II 
study. Ann Surg Oncol 2005;12:1005-16. 
27. Alegre ML, Shiels H, Thompson CB, Gajewski TF. Expression and function of CTLA-4 
in Th1 and Th2 cells. J Immunol 1998;161:3347-56. 
28. McCoy KD, Le Gros G. The role of CTLA-4 in the regulation of T cell immune 
responses. Immunol Cell Biol 1999;77:1-10. 
29. Egen JG, Allison JP. Cytotoxic T lymphocyte antigen-4 accumulation in the 
immunological synapse is regulated by TCR signal strength. Immunity 2002;16:23-35. 
30. Egen JG, Kuhns MS, Allison JP. CTLA-4: new insights into its biological function and 
use in tumor immunotherapy. Nat Immunol 2002;3:611-8. 
31. Hurwitz AA, Foster BA, Kwon ED, et al. Combination immunotherapy of primary 
prostate cancer in a transgenic mouse model using CTLA-4 blockade. Cancer Res 2000;60:2444-
8. 
32. Kwon ED, Foster BA, Hurwitz AA, et al. Elimination of residual metastatic prostate 
cancer after surgery and adjunctive cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) 
blockade immunotherapy. Proc Natl Acad Sci U S A 1999;96:15074-9. 
33. van Elsas A, Hurwitz AA, Allison JP. Combination immunotherapy of B16 melanoma 
using anti-cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and granulocyte/macrophage 



 76 

colony-stimulating factor (GM-CSF)-producing vaccines induces rejection of subcutaneous and 
metastatic tumors accompanied by autoimmune depigmentation. J Exp Med 1999;190:355-66. 
34. Ribas A AS, Sosman J, Kirkwood JM, Redman B, Gajewski TF, Pavlov D, Bulanhagui 
C, Gomez-Navarro J, Camacho LH AM Results of a phase II clinical trial of 2 doses and 
schedules of CP-675,206, an anti-CTLA4 monoclonal antibody, in patients (pts) with advanced 
melanoma. In: AM SOC CLIN ONCOL 25 Abs 3000; 2007; 2007. 
35. Hamid O. Dose effect of ipilimumab in patients with advanced melanoma: Results from a 
phase II, randomized, dose-ranging study. In: J Clin Oncol 26: 2008 (May 20 suppl; abstr 9025); 
2008; 2008. 
36. Kirkwood J. Cancer immunotherapy: the interferon-alpha experience. Semin Oncol 
2002;29:18-26. 
37. Pestka S. The interferon receptors. Semin Oncol 1997;24:S9-18-S9-40. 
38. Pansky A, Hildebrand P, Fasler-Kan E, et al. Defective Jak-STAT signal transduction 
pathway in melanoma cells resistant to growth inhibition by interferon-alpha. Int J Cancer 
2000;85:720-5. 
39. Kirkwood JM, Farkas DL, Chakraborty A, et al. Systemic interferon-alpha (IFN-alpha) 
treatment leads to Stat3 inactivation in melanoma precursor lesions. Mol Med 1999;5:11-20. 
40. Wang T, Niu G, Kortylewski M, et al. Regulation of the innate and adaptive immune 
responses by Stat-3 signaling in tumor cells. Nat Med 2004;10:48-54. 
41. Lesinski GB, Anghelina M, Zimmerer J, et al. The antitumor effects of IFN-alpha are 
abrogated in a STAT1-deficient mouse. J Clin Invest 2003;112:170-80. 
42. Wang W, Edington HD, Rao UN, et al. Modulation of signal transducers and activators 
of transcription 1 and 3 signaling in melanoma by high-dose IFNalpha2b. Clin Cancer Res 
2007;13:1523-31. 
43. Kirkwood JM, Strawderman MH, Ernstoff MS, Smith TJ, Borden EC, Blum RH. 
Interferon alfa-2b adjuvant therapy of high-risk resected cutaneous melanoma: the Eastern 
Cooperative Oncology Group Trial EST 1684. J Clin Oncol 1996;14:7-17. 
44. Kirkwood JM, Ibrahim JG, Sondak VK, et al. High- and low-dose interferon alfa-2b in 
high-risk melanoma: first analysis of intergroup trial E1690/S9111/C9190. J Clin Oncol 
2000;18:2444-58. 
45. Kirkwood JM, Ibrahim J, Lawson DH, et al. High-dose interferon alfa-2b does not 
diminish antibody response to GM2 vaccination in patients with resected melanoma: results of 
the Multicenter Eastern Cooperative Oncology Group Phase II Trial E2696. J Clin Oncol 
2001;19:1430-6. 
46. Yurkovetsky ZR, Kirkwood JM, Edington HD, et al. Multiplex analysis of serum 
cytokines in melanoma patients treated with interferon-alpha2b. Clin Cancer Res 2007;13:2422-
8. 
47. Paquette RL. Interferon-alpha and granulocyte-macrophage colony-stimulating factor 
differentiate peripheral blood monocytes into potent antigen-presenting cells. J Leukoc Biol 
1998;64: 
358-67. 
48. Parlato S, Santini SM, Lapenta C, et al. Expression of CCR-7, MIP-3beta, and Th-1 
chemokines in type I IFN-induced monocyte-derived dendritic cells: importance for the rapid 
acquisition of potent migratory and functional activities. Blood 2001;98:3022-9. 
49. Brinkmann V, Geiger T, Alkan S, Heusser CH. Interferon alpha increases the frequency 
of interferon gamma-producing human CD4+ T cells. J Exp Med 1993;178:1655-63. 



 77 

50. Wenner CA, Guler ML, Macatonia SE, O'Garra A, Murphy KM. Roles of IFN-gamma 
and IFN-alpha in IL-12-induced T helper cell-1 development. J Immunol 1996;156:1442-7. 
51. Rogge L, Barberis-Maino L, Biffi M, et al. Selective expression of an interleukin-12 
receptor component by human T helper 1 cells. J Exp Med 1997;185:825-31. 
52. Palmer KJ, Harries M, Gore ME, Collins MK. Interferon-alpha (IFN-alpha) stimulates 
anti-melanoma cytotoxic T lymphocyte (CTL) generation in mixed lymphocyte tumour cultures 
(MLTC). Clin Exp Immunol 2000;119:412-8. 
53. Carballido JA, Molto LM, Manzano L, Olivier C, Salmeron OJ, Alvarez de Mon M. 
Interferon-alpha-2b enhances the natural killer activity of patients with transitional cell 
carcinoma of the bladder. Cancer 1993;72:1743-8. 
54. Hanson DC CP, Primiano MJ, Donovan CB, Gardner JP, Natoli EJ, Morgan RW, Mather 
RJ, Singleton DH, Hermes PA, Neveu MJ, Andrews GC, Castro CD, Elliott EA, Bedian V 
Preclinical in vitro characterization of anti-CTLA4 therapeutic antibody CP-675,206. In: PROC 
AM ASSOC CANCER RES 45 Abs 3802; 2004; 2004. 
55. Ribas A DT, Comin-Anduix B, de la Rocha P, Glaspy JA, Economou JS, Gomez-
Navarro J, Cochran AJ Changes in intratumoral immune cell infiltrates, Foxp3 and indoleamine 
2, 3-dioxygenase (IDO) expression with the CTLA4 blocking MAB CP-675,206. J 
IMMUNOTHER 2006;29 636. 
56. Kirkwood JM, Ibrahim JG, Sosman JA, et al. High-dose interferon alfa-2b significantly 
prolongs relapse-free and overall survival compared with the GM2-KLH/QS-21 vaccine in 
patients with resected stage IIB-III melanoma: results of intergroup trial E1694/S9512/C509801. 
J Clin Oncol 2001;19:2370-80. 
57. Negrier S, Escudier B, Lasset C, et al. Recombinant human interleukin-2, recombinant 
human interferon alfa-2a, or both in metastatic renal-cell carcinoma. N Engl J Med 
1998;338:1272-8. 
58. Gogas H, Kirkwood JM. Prognostic significance of autoimmunity during treatment of 
melanoma with interferon. N Engl J Med 2006;354:709-18. 
59. Atkins M, Mier J, Parkinson D, Gould J, Berkman E, Kaplan M. Hypothyroidism after 
treatment with interleukin-2 and lymphokine-activated killer cells. N Engl J Med 
1988;318:1557-63. 
60. Weijl NI, Van der Harst D, Brand A, et al. Hypothyroidism during immunotherapy with 
interleukin-2 is associated with antithyroid antibodies and response to treatment. J Clin Oncol 
1993;11:1376-83. 
61. Scalzo S, Gengaro A, Boccoli G, et al. Primary hypothyroidism associated with 
interleukin-2 and interferon alpha-2 therapy of melanoma and renal carcinoma. Eur J Cancer 
1990;26:1152-6. 
62. Krouse R, Royal R, Heywood G, et al. Thyroid dysfunction in 281 patients with 
metastatic melanoma or renal carcinoma treated with interleukin-2 alone. Journal of 
immunotherapy with emphasis on tumor immunology: official journal of the Society for 
Biological Therapy 1995;18. 
63. Phan GQ, Attia P, Steinberg SM, White DE, Rosenberg SA. Factors associated with 
response to high-dose interleukin-2 in patients with metastatic melanoma. J Clin Oncol 
2001;19:3477-82. 
64. Becker JC, Winkler B, Klingert S, Brocker EB. Antiphospholipid syndrome associated 
with immunotherapy for patients with melanoma. Cancer 1994;73:1621-4. 



 78 

65. Rosenberg SA, White DE. Vitiligo in patients with melanoma: normal tissue antigens can 
be targets for cancer immunotherapy. J Immunother Emphasis Tumor Immunol 1996;19:81-4. 
66. Franzke A, Peest D, Probst-Kepper M, et al. Autoimmunity resulting from cytokine 
treatment predicts long-term survival in patients with metastatic renal cell cancer. J Clin Oncol 
1999;17:529-33. 
67. Phan GQ, Yang JC, Sherry RM, et al. Cancer regression and autoimmunity induced by 
cytotoxic T lymphocyte-associated antigen 4 blockade in patients with metastatic melanoma. 
Proceedings of the National Academy of Sciences of the United States of America 
2003;100:8372-7. 
68. Sanderson K, Scotland R, Lee P, et al. Autoimmunity in a phase I trial of a fully human 
anti-cytotoxic T-lymphocyte antigen-4 monoclonal antibody with multiple melanoma peptides 
and Montanide ISA 51 for patients with resected stages III and IV melanoma. J Clin Oncol 
2005;23:741-50. 
69. Dranoff G, Jaffee E, Lazenby A, et al. Vaccination with irradiated tumor cells engineered 
to secrete murine granulocyte-macrophage colony-stimulating factor stimulates potent, specific, 
and long-lasting anti-tumor immunity. Proc Natl Acad Sci U S A 1993;90:3539-43. 
70. Tarhini AA, Moschos S, Tawbi H, et al. Phase II evaluation of tremelimumab (Treme) 
combined with high-dose interferon alpha-2b (HDI) for metastatic melanoma. Proc Am Soc Clin 
Oncol 2010;28:15s. 
71. Stuckert J, Tarhini AA, Lee S, et al. Interferon alfa-induced autoimmunity in patients 
with high-risk melanoma participating in ECOG trial E2696. In: AACR; 2007; Los Angeles; 
2007. 
72. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid 
tumours: revised RECIST guideline (version 1.1). Eur J Cancer 2009;45:228-47. 
73. Middleton MR, Grob JJ, Aaronson N, et al. Randomized phase III study of temozolomide 
versus dacarbazine in the treatment of patients with advanced metastatic malignant melanoma. J 
Clin Oncol 2000;18:158-66. 
74. Avril MF, Aamdal S, Grob JJ, et al. Fotemustine compared with dacarbazine in patients 
with disseminated malignant melanoma: a phase III study. J Clin Oncol 2004;22:1118-25. 
75. Atkins MB, Lee, S., Flaherty, L.E., Sosman, J.A., Sondak, V.K., and Kirkwood, J.M. A 
prospective randomized phase III trial of concurrent biochemotherapy (BCT) with cisplatin, 
vinblastine, dacarbazine (CVD), IL-2 and interferon alpha-2b (IFN) versus CVD alone in 
patients with metastatic melanoma (E3695): An ECOG-coordinated intergroup trial (abstr 2847). 
Proc Am Soc Clin Oncol 2003:22:708. 
76. Lin R YM, Lowy I, Safferman A, Chin K, Ibrahim R. An analysis of the effectiveness of 
specific guidelines for the management of ipilimumab-mediated diarrhea/colitis: prevention of 
gastrointestinal perforation and/or colectomy. J Clin Oncol;26(suppl); (abstr 9063). 2008. 
77. Kirkwood JM, Bender C, Agarwala S, et al. Mechanisms and management of toxicities 
associated with high-dose interferon alfa-2b therapy. J Clin Oncol 2002;20:3703-18. 
78. Hauschild A, Gogas H, Tarhini A, et al. Practical guidelines for the management of 
interferon-alpha-2b side effects in patients receiving adjuvant treatment for melanoma: expert 
opinion. Cancer 2008;112:982-94. 
79. Pashenkov M, Goess G, Wagner C, et al. Phase II trial of a toll-like receptor 9-activating 
oligonucleotide in patients with metastatic melanoma. J Clin Oncol 2006;24:5716-24. 
80. West MA, Wallin RP, Matthews SP, et al. Enhanced dendritic cell antigen capture via 
toll-like receptor-induced actin remodeling. Science 2004;305:1153-7. 



 79 

81. Kim Y, Girardi M, McAuley S, et al. Cutaneous T-cell lymphoma (CTCL) responses to a 
TLR9 agonist CpG immunomodulator (CPG 7909), a phase I study. J Clin Oncol 
2004;22(suppl):580. Abstract 6600. 
82. Tarhini AA, Kirkwood JM, AM K. Early development of the Toll-like receptor 9 agonist, 
PF-3512676, for the treatment of patients with advanced cancers. Expert Opin. Drug Discov. 
(2009) 4(5):587-603. 2009. 
83. Weiner GJ, Liu HM, Wooldridge JE, Dahle CE, Krieg AM. Immunostimulatory 
oligodeoxynucleotides containing the CpG motif are effective as immune adjuvants in tumor 
antigen immunization. Proc Natl Acad Sci U S A 1997;94:10833-7. 
84. Krug A, Towarowski A, Britsch S, et al. Toll-like receptor expression reveals CpG DNA 
as a unique microbial stimulus for plasmacytoid dendritic cells which synergizes with CD40 
ligand to induce high amounts of IL-12. Eur J Immunol 2001;31:3026-37. 
85. Davis HL, Suparto, II, Weeratna RR, et al. CpG DNA overcomes hyporesponsiveness to 
hepatitis B vaccine in orangutans. Vaccine 2000;18:1920-4. 
86. Halperin SA, Van Nest G, Smith B, Abtahi S, Whiley H, Eiden JJ. A phase I study of the 
safety and immunogenicity of recombinant hepatitis B surface antigen co-administered with an 
immunostimulatory phosphorothioate oligonucleotide adjuvant. Vaccine 2003;21:2461-7. 
87. Speiser DE, Lienard D, Rufer N, et al. Rapid and strong human CD8+ T cell responses to 
vaccination with peptide, IFA, and CpG oligodeoxynucleotide 7909. J Clin Invest 2005;115:739-
46. 
88. Leong SP, Enders-Zohr P, Zhou YM, et al. Recombinant human granulocyte 
macrophage-colony stimulating factor (rhGM-CSF) and autologous melanoma vaccine mediate 
tumor regression in patients with metastatic melanoma. J Immunother 1999;22:166-74. 
89. Yamshchikov GV, Barnd DL, Eastham S, et al. Evaluation of peptide vaccine 
immunogenicity in draining lymph nodes and peripheral blood of melanoma patients. Int J 
Cancer 2001;92:703-11. 
90. Slingluff CL, Jr., Petroni GR, Yamshchikov GV, et al. Clinical and immunologic results 
of a randomized phase II trial of vaccination using four melanoma peptides either administered 
in granulocyte-macrophage colony-stimulating factor in adjuvant or pulsed on dendritic cells. J 
Clin Oncol 2003;21:4016-26. 
91. Liu HM, Newbrough SE, Bhatia SK, Dahle CE, Krieg AM, Weiner GJ. 
Immunostimulatory CpG oligodeoxynucleotides enhance the immune response to vaccine 
strategies involving granulocyte-macrophage colony-stimulating factor. Blood 1998;92:3730-6. 
92. Sandler AD, Chihara H, Kobayashi G, et al. CpG oligonucleotides enhance the tumor 
antigen-specific immune response of a granulocyte macrophage colony-stimulating factor-based 
vaccine strategy in neuroblastoma. Cancer Res 2003;63:394-9. 
93. Rosenberg SA, Yang JC, Schwartzentruber DJ, et al. Immunologic and therapeutic 
evaluation of a synthetic peptide vaccine for the treatment of patients with metastatic melanoma. 
Nat Med 1998;4:321-7. 
94. Ahlers JD, Dunlop N, Alling DW, Nara PL, Berzofsky JA. Cytokine-in-adjuvant steering 
of the immune response phenotype to HIV-1 vaccine constructs: granulocyte-macrophage 
colony-stimulating factor and TNF-alpha synergize with IL-12 to enhance induction of cytotoxic 
T lymphocytes. J Immunol 1997;158:3947-58. 
95. Soiffer R, Lynch T, Mihm M, et al. Vaccination with irradiated autologous melanoma 
cells engineered to secrete human granulocyte-macrophage colony-stimulating factor generates 



 80 

potent antitumor immunity in patients with metastatic melanoma. Proc Natl Acad Sci U S A 
1998;95:13141-6. 
96. Adams S, O'Neill D, Bhardwaj N. Maturation matters: importance of maturation for 
antitumor immunity of dendritic cell vaccines. J Clin Oncol 2004;22:3834-5; author reply 5. 
97. O'Doherty U, Ignatius R, Bhardwaj N, Pope M. Generation of monocyte-derived 
dendritic cells from precursors in rhesus macaque blood. J Immunol Methods 1997;207:185-94. 
98. Krug A, Rothenfusser S, Hornung V, et al. Identification of CpG oligonucleotide 
sequences with high induction of IFN-alpha/beta in plasmacytoid dendritic cells. Eur J Immunol 
2001;31:2154-63. 
99. Krieg AM. Antitumor applications of stimulating toll-like receptor 9 with CpG 
oligodeoxynucleotides. Curr Oncol Rep 2004;6:88-95. 
100. Kirkwood JM LS, Land S, et al. E1696: Final analysis of the clinical and immunological 
results of a multicenter ECOG phase II trial of multi-epitope peptide vaccination for stage IV 
melanoma with MART-1 (27-35), gp100 (209-217, 210M) and tyrosinase (368-376, 370D) +/- 
IFN-a2b and GM-CSF. In: ASCO; 2004; 2004. 
101. Herr W, Schneider J, Lohse AW, Meyer zum Buschenfelde KH, Wolfel T. Detection and 
quantification of blood-derived CD8+ T lymphocytes secreting tumor necrosis factor alpha in 
response to HLA-A2.1-binding melanoma and viral peptide antigens. J Immunol Methods 
1996;191:131-42. 
102. Herr W, Linn B, Leister N, Wandel E, Meyer zum Buschenfelde KH, Wolfel T. The use 
of computer-assisted video image analysis for the quantification of CD8+ T lymphocytes 
producing tumor necrosis factor alpha spots in response to peptide antigens. J Immunol Methods 
1997;203:141-52. 
103. Nordlund JJ, Kirkwood JM, Forget BM, Milton G, Albert DM, Lerner AB. Vitiligo in 
patients with metastatic melanoma: a good prognostic sign. J Am Acad Dermatol 1983;9:689-96. 
104. Bystryn JC, Rigel D, Friedman RJ, Kopf A. Prognostic significance of hypopigmentation 
in malignant melanoma. Arch Dermatol 1987;123:1053-5. 
105. Schallreuter KU, Levenig C, Berger J. Vitiligo and cutaneous melanoma. A case study. 
Dermatologica 1991;183:239-45. 
106. Stuckert J TA, Lee S, Schlesselman J, Wang Y, Sander C, Kirkwood JM. . Interferon 
alfa-induced autoimmunity in patients with high-risk melanoma participating in ECOG trial 
E2696. In: AACR; 2007; Los Angeles; 2007. 
107. Marshall M, Ribas A, Huang B. Evaluation of baseline serum C-reactive protein (CRP) 
and benefit from tremelimumab compared to chemotherapy in first-line melanoma. J Clin Oncol 
(2010 ASCO Annual Meeting Proc) 2010; 28: abstract 2609. In; 2010; 2010. 
108. Deichmann M, Kahle B, Moser K, Wacker J, Wust K. Diagnosing melanoma patients 
entering American Joint Committee on Cancer stage IV, C-reactive protein in serum is superior 
to lactate dehydrogenase. Br J Cancer 2004;91:699-702. 
109. Marnell L, Mold C, Du Clos TW. C-reactive protein: ligands, receptors and role in 
inflammation. Clin Immunol 2005;117:104-11. 
110. Klein L, Klein T, Ruther U, Kyewski B. CD4 T cell tolerance to human C-reactive 
protein, an inducible serum protein, is mediated by medullary thymic epithelium. J Exp Med 
1998;188:5-16. 
111. Enocsson H, Sjowall C, Skogh T, Eloranta ML, Ronnblom L, Wettero J. Interferon-alpha 
mediates suppression of C-reactive protein: explanation for muted C-reactive protein response in 
lupus flares? Arthritis Rheum 2009;60:3755-60. 



 81 

112. Srirangaraj S, Venkatesha D. Total lymphocyte count as a tool for timing opportunistic 
infection prophylaxis in resource-limited settings: a study from India. J Infect Dev Ctries 
2010;4:645-9. 
113. Wiktor SZ, Sassan-Morokro M, Grant AD, et al. Efficacy of trimethoprim-
sulphamethoxazole prophylaxis to decrease morbidity and mortality in HIV-1-infected patients 
with tuberculosis in Abidjan, Cote d'Ivoire: a randomised controlled trial. Lancet 1999;353:1469-
75. 
114. Riesco A. Five-year cancer cure: relation to total amount of peripheral lymphocytes and 
neutrophils. Cancer 1970;25:135-40. 
115. Ownby HE, Roi LD, Isenberg RR, Brennan MJ. Peripheral lymphocyte and eosinophil 
counts as indicators of prognosis in primary breast cancer. Cancer 1983;52:126-30. 
116. Hasenclever D, Diehl V. A prognostic score for advanced Hodgkin's disease. 
International Prognostic Factors Project on Advanced Hodgkin's Disease. N Engl J Med 
1998;339:1506-14. 
117. Ray-Coquard I, Cropet C, Van Glabbeke M, et al. Lymphopenia as a prognostic factor for 
overall survival in advanced carcinomas, sarcomas, and lymphomas. Cancer Res 2009;69:5383-
91. 
118. Ceze N, Thibault G, Goujon G, et al. Pre-treatment lymphopenia as a prognostic 
biomarker in colorectal cancer patients receiving chemotherapy. Cancer Chemother Pharmacol 
2011. 
119. Hamid O, Chasalow SD, Tsuchihashi Z. Association of baseline and on-study tumor 
biopsy markers with clinical activity in patients (pts) with advanced melanoma treated with 
ipilimumab. J Clin Oncol 27:15s, (suppl; abstr 9008) In; 2009; 2009. 
120. Hamid O, Chin K, Li J, et al. Dose effect of ipilimumab in patients with advanced 
melanoma: Results from a phase II, randomized, dose-ranging study. Proc Am Soc Clin Oncol 
2008;26. 
121. Berman DM, Wolchok J, Weber J. Association of peripheral blood absolute lymphocyte 
count (ALC) and clinical activity in patients (pts) with advanced melanoma treated with 
ipilimumab. J Clin Oncol 27:15s, (suppl; abstr 3020) In; 2009; 2009. 
122. Ku GY, Yuan J, Page DB, et al. Single-institution experience with ipilimumab in 
advanced melanoma patients in the compassionate use setting: lymphocyte count after 2 doses 
correlates with survival. Cancer 2010;116:1767-75. 
123. Curiel TJ, Coukos G, Zou L, et al. Specific recruitment of regulatory T cells in ovarian 
carcinoma fosters immune privilege and predicts reduced survival. Nat Med 2004;10:942-9. 
124. Strauss L, Bergmann C, Szczepanski M, Gooding W, Johnson JT, Whiteside TL. A 
unique subset of CD4+CD25highFoxp3+ T cells secreting interleukin-10 and transforming 
growth factor-beta1 mediates suppression in the tumor microenvironment. Clin Cancer Res 
2007;13:4345-54. 
125. Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regulators of the immune 
system. Nat Rev Immunol 2009;9:162-74. 
126. Yuan J, Gnjatic S, Li H, et al. CTLA-4 blockade enhances polyfunctional NY-ESO-1 
specific T cell responses in metastatic melanoma patients with clinical benefit. Proc Natl Acad 
Sci U S A 2008;105:20410-5. 
127. Tarhini AA MS, Schlesselman JS, Sander C, Kirkwood JM. Preliminary safety and 
clinical activity results of the combination of high-dose interferon alfa-2b and tremelimumab for 



 82 

recurrent inoperable stage III or stage IV melanoma. J Clin Oncol 26: 2008 (May 20 suppl; abstr 
9009). In; 2008; Chicago; 2008. 
128. Mandapathil M, Hilldorfer B, Szczepanski MJ, et al. Generation and accumulation of 
immunosuppressive adenosine by human CD4+CD25highFOXP3+ regulatory T cells. J Biol 
Chem 2010;285:7176-86. 
129. Peranzoni E, Zilio S, Marigo I, et al. Myeloid-derived suppressor cell heterogeneity and 
subset definition. Curr Opin Immunol 2010;22:238-44. 
130. Youn JI, Gabrilovich DI. The biology of myeloid-derived suppressor cells: the blessing 
and the curse of morphological and functional heterogeneity. Eur J Immunol 2010;40:2969-75. 
131. Kirkwood JM, Richards T, Zarour HM, et al. Immunomodulatory effects of high-dose 
and low-dose interferon alpha2b in patients with high-risk resected melanoma: the E2690 
laboratory corollary of intergroup adjuvant trial E1690. Cancer 2002;95:1101-12. 
132. Tough DF. Type I interferon as a link between innate and adaptive immunity through 
dendritic cell stimulation. Leuk Lymphoma 2004;45:257-64. 
133. Creagan ET, Ahmann DL, Frytak S, Long HJ, Chang MN, Itri LM. Phase II trials of 
recombinant leukocyte A interferon in disseminated malignant melanoma: results in 96 patients. 
Cancer Treat Rep 1986;70:619-24. 
134. Creagan ET, Ahmann DL, Frytak S, Long HJ, Itri LM. Recombinant leukocyte A 
interferon (rIFN-alpha A) in the treatment of disseminated malignant melanoma. Analysis of 
complete and long-term responding patients. Cancer 1986;58:2576-8. 
135. Creagan ET, Kovach JS, Long HJ, Richardson RL. Phase I study of recombinant 
leukocyte A human interferon combined with BCNU in selected patients with advanced cancer. J 
Clin Oncol 1986;4:408-13. 
136. Creagan ET, Schutt AJ, Long HJ, Green SJ. Phase II study: the combination DTIC, 
BCNU, actinomycin D, and vincristine in disseminated malignant melanoma. Med Pediatr Oncol 
1986;14:86-7. 
137. Tarhini AA, Kirkwood JM. Tremelimumab (CP-675,206): a fully human anticytotoxic T 
lymphocyte-associated antigen 4 monoclonal antibody for treatment of patients with advanced 
cancers. Expert Opin Biol Ther 2008;8:1583-93. 
138. Ribas A, Hauschild A, Kefford R, et al. Phase III, open-label, randomized, comparative 
study of tremelimumab (CP-675,206) and chemotherapy (temozolomide [TMZ] or dacarbazine 
[DTIC]) in patients with advanced melanoma [oral]. Presented at: 44th Annual Meeting of the 
American Society of Clinical Oncology (ASCO);May 30-June 3, 2008; Chicago, IL. Abstract 
LBA9011. 
139. Harrison BE, Johnson JL, Clough RW, Halperin EC. Selection of patients with melanoma 
brain metastases for aggressive treatment. Am J Clin Oncol 2003;26:354-7. 
140. Amer MH, Al-Sarraf M, Baker LH, Vaitkevicius VK. Malignant melanoma and central 
nervous system metastases: incidence, diagnosis, treatment and survival. Cancer 1978;42:660-8. 
141. Patel JK, Didolkar MS, Pickren JW, Moore RH. Metastatic pattern of malignant 
melanoma. A study of 216 autopsy cases. Am J Surg 1978;135:807-10. 
142. Bullard DE, Cox EB, Seigler HF. Central nervous system metastases in malignant 
melanoma. Neurosurgery 1981;8:26-30. 
143. Budman DR, Camacho E, Wittes RE. The current causes of death in patients with 
malignant melanoma. Eur J Cancer 1978;14:327-30. 



 83 

144. Sampson JH, Carter JH, Jr., Friedman AH, Seigler HF. Demographics, prognosis, and 
therapy in 702 patients with brain metastases from malignant melanoma. J Neurosurg 
1998;88:11-20. 
145. Patchell RA, Tibbs PA, Walsh JW, et al. A randomized trial of surgery in the treatment of 
single metastases to the brain. N Engl J Med 1990;322:494-500. 
146. Vecht CJ, Haaxma-Reiche H, Noordijk EM, et al. Treatment of single brain metastasis: 
radiotherapy alone or combined with neurosurgery? Ann Neurol 1993;33:583-90. 
147. Smalley SR, Laws ER, Jr., O'Fallon JR, Shaw EG, Schray MF. Resection for solitary 
brain metastasis. Role of adjuvant radiation and prognostic variables in 229 patients. J Neurosurg 
1992;77:531-40. 
148. Sause WT, Crowley JJ, Morantz R, et al. Solitary brain metastasis: results of an 
RTOG/SWOG protocol evaluation surgery + RT versus RT alone. Am J Clin Oncol 
1990;13:427-32. 
149. Kondziolka D, Martin JJ, Flickinger JC, et al. Long-term survivors after gamma knife 
radiosurgery for brain metastases. Cancer 2005;104:2784-91. 
150. Gaudy-Marqueste C, Regis JM, Muracciole X, et al. Gamma-Knife radiosurgery in the 
management of melanoma patients with brain metastases: a series of 106 patients without whole-
brain radiotherapy. Int J Radiat Oncol Biol Phys 2006;65:809-16. 
151. Pilla L, Valenti R, Marrari A, et al. Vaccination: role in metastatic melanoma. Expert Rev 
Anticancer Ther 2006;6:1305-18. 
152. Tarhini AA, Kirkwood JM, al. E. Phase II evaluation of tremelimumab (Treme) 
combined with high-dose interferon alpha-2b (HDI) for metastatic melanoma. J Clin Oncol 
28:15s, (suppl; abstr 8524). In; 2010; Chicago; 2010. 
153. Berger R, Rotem-Yehudar R, Slama G, et al. Phase I safety and pharmacokinetic study of 
CT-011, a humanized antibody interacting with PD-1, in patients with advanced hematologic 
malignancies. Clin Cancer Res 2008;14:3044-51. 
154. Brahmer JR TS, Wollner I. Safety and activity of MDX-1106 (ONO-4538), an anti–PD-1 
monoclonal antibody, in patients with selected refractory or relapsed malignancies. J Clin Oncol. 
26(suppl):abstract 3006. In; 2008; 2008. 
155. http://www.clinicaltrials.gov/ct2/show/NCT00729664?term=MDX-1105&rank=1. 2011. 
(Accessed at  
156. Law CL, Gordon KA, Collier J, et al. Preclinical antilymphoma activity of a humanized 
anti-CD40 monoclonal antibody, SGN-40. Cancer Res 2005;65:8331-8. 
157. Kovacsovics-Bankowski M, Walker E, Floyd K. ncreased CD4 and CD8 memory T cell 
proliferation following anti-OX40 administration to cancer patients: immunologic assessment of 
a phase I clinical trial. ISBTC. In; 2009; 2009. 
158. Sznol M, Hodi FS, Margolin K. Phase I study of BMS-663513, a fully human anti-
CD137 agonist monoclonal antibody, in patients (pts) with advanced cancer (CA). J Clin Oncol. 
26(20 suppl):abstract 3007. In; 2008; 2008. 
159. Ahmadzadeh M, Johnson LA, Heemskerk B, et al. Tumor antigen-specific CD8 T cells 
infiltrating the tumor express high levels of PD-1 and are functionally impaired. Blood 
2009;114:1537-44. 
160. Atkins MB, Mier JW, Parkinson DR, Gould JA, Berkman EM, Kaplan MM. 
Hypothyroidism after treatment with interleukin-2 and lymphokine-activated killer cells. N Engl 
J Med 1988;318:1557-63. 

http://www.clinicaltrials.gov/ct2/show/NCT00729664?term=MDX-1105&rank=1


 84 

161. Strauss L, Bergmann C, Whiteside TL. Human circulating CD4+CD25highFoxp3+ 
regulatory T cells kill autologous CD8+ but not CD4+ responder cells by Fas-mediated 
apoptosis. J Immunol 2009;182:1469-80. 
162. Deaglio S, Dwyer KM, Gao W, et al. Adenosine generation catalyzed by CD39 and 
CD73 expressed on regulatory T cells mediates immune suppression. J Exp Med 2007;204:1257-
65. 
163. Borsellino G, Kleinewietfeld M, Di Mitri D, et al. Expression of ectonucleotidase CD39 
by Foxp3+ Treg cells: hydrolysis of extracellular ATP and immune suppression. Blood 
2007;110:1225-32. 
164. Kavanagh B, O'Brien S, Lee D, et al. CTLA4 blockade expands FoxP3+ regulatory and 
activated effector CD4+ T cells in a dose-dependent fashion. Blood 2008;112:1175-83. 
165. Maker AV, Attia P, Rosenberg SA. Analysis of the cellular mechanism of antitumor 
responses and autoimmunity in patients treated with CTLA-4 blockade. J Immunol 
2005;175:7746-54. 
166. Menard C, Ghiringhelli F, Roux S, et al. Ctla-4 blockade confers lymphocyte resistance 
to regulatory T-cells in advanced melanoma: surrogate marker of efficacy of tremelimumab? 
Clin Cancer Res 2008;14:5242-9. 
167. Khan S, Burt DJ, Ralph C, Thistlethwaite FC, Hawkins RE, Elkord E. Tremelimumab 
(anti-CTLA4) mediates immune responses mainly by direct activation of T effector cells rather 
than by affecting T regulatory cells. Clin Immunol 2011;138:85-96. 
168. Muller AJ, Prendergast GC. Indoleamine 2,3-dioxygenase in immune suppression and 
cancer. Curr Cancer Drug Targets 2007;7:31-40. 
169. Nagaraj S, Schrum AG, Cho HI, Celis E, Gabrilovich DI. Mechanism of T cell tolerance 
induced by myeloid-derived suppressor cells. J Immunol 2010;184:3106-16. 
 
 

 

 

 

 

 

 

 

 

 

 

 


	TITLE PAGE
	COMMITTEE MEMBERSHIP PAGE
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF TABLES
	Table 1  IFN-Treme. Patient Demographics and Baseline Disease Characteristics (N=37 patients)
	Table 2. IFN-Treme. Treatment Details
	Table 3. IFN-Treme. Efficacy Summary (stage I + II): Best Response (N=37)
	Table 4. IFN-Treme. Durability of responses and stable disease (best radiologic response)
	Table 5. IFN-Treme. Adverse events considered possibly, probably or definitely related to the study regimen (CTCAE v.3)
	Table 6. Vaccine. Patient Demographics and Baseline Disease Characteristics(N=22 patients)
	Table 7. Vaccine. Treatment Details (N= 21* evaluable patients
	Table 8. Vaccine. Summary of tumor response data (RECIST): Best Response (N=22) and immunologic response (ELIspot) at day 50 and day 90 post-vaccination (N=20)
	Table 9. Vaccine. Peptide specific response rate by IFN-γ ELIspot at day 50 (N=20) and day 90 (N=10)
	Table 10. Vaccine. The change in ELIspot CD8+ T cell frequency as measured by the ratio of post versus pre treatment value of ELIspot number of CD8+ T cells against each of the specific antigens
	Table 11. Vaccine. Adverse events considered possibly, probably or definitely related to the study regimen presented by worst grade (CTCAE v.3) (N=22 patients).
	Table 12. IFN-Treme. Multicolor flow cytometry comparing cell surface marker expression on PBMCs before and after treatment to monitor T-regulatory cells (T-reg) and myeloid-derived suppressor cells (MDSC) in the blood at baseline and following treatment (Day 29 and Day 85) in patients treated with tremelimumab and IFN-α
	Table 13. Vaccine. Multicolor flow cytometry comparing cell surface marker expression on PBMCs before and after treatment to monitor T-regulatory cells (T-reg) and myeloid-derived suppressor cells (MDSC) in the blood at baseline and following treatment (day 50 and day 90) in patients treated with multi-epitope vaccine in adjuvant with PF-3512676 and GMCSF

	LIST OF FIGURES
	Figure 1. IFN-Treme. Kaplan – Meier plot of the probability of progression-free survival (N=37). The estimated median PFS is 6.4 months (95% Confidence Interval = 3.3, 12.1)
	Figure 2. IFN-Treme. Kaplan – Meier plot of the probability of overall survival (N=37). The estimated median OS is 21 months (95% Confidence Interval = 9.5 months, -)
	Figure 3. IFN-Treme. One Year Survival Rate Observed vs Predicted (Korn Model)
	Figure 4. Vaccine. Kaplan – Meier plot of the probability of progression-free survival (N=21). The estimated median is 1.87 months (90% CI=1.84, 3.68
	Figure 5. Vaccine. Kaplan – Meier plot of the probability of overall survival (N=21). The estimated median is 13.4 months (90% CI=11.3, Inf)
	Figure 6. IFN-Treme. This figure illustrates the distribution of patients with therapy-induced autoimmunity by clinical benefit (CR/PR/SD versus PD)
	Figure 7. IFN-Treme. This figure illustrates the distribution of C-reactive protein by clinical benefit (CR/PR/SD versus PD) and the probability of survival (CRP; <=2.7ULN versus >2.7ULN).
	Figure 8. IFN-Treme. This figure illustrates the distribution of the baseline absolute lymphocyte count (ALC) by response (CR/PR versus SD/PD) and by clinical benefit(CR/PR/SD versus PD)
	Figure 9. IFN-Treme. This figure illustrates the distribution of baseline VEGF and IL-6 by clinical benefit (CR/PR/SD versus PD)
	Figure 10. IFN-Treme. This forest plot presents graphically the multicolor flow cytometry data summarized in Table 12. It compares cell surface marker expression on PBMCs before and after treatment to monitor T-regulatory cells (T-reg) and myeloid-derived suppressor cells (MDSC) in the blood at baseline and following treatment (Day 29 and Day 85) in patients treated with tremelimumab and IFN-α
	Figure 11. IFN-Treme. Significant increase in the percentage of CD4+CD25hi+ CD39+ T-reg at day 85 (p=0.018) and less significantly at day 29 (p=0.09) following IFN-α/tremelimumab as compared to baseline.
	Figure 12. IFN-Treme. Significant decrease in the percentage of the monocytic MDSC type (HLA-DR+ low/CD14+) at day 29 (p<0.0001) and day 85 (p=0.001) following IFN-α/tremelimumab compared to baseline
	Figure 13. IFN-Treme. Decrease in the percentage of the lymphoid MDSC type (Lin1-HLA-DR-CD33+CD11b+) at day 29 (p=0.055) and day 85 (p=0.07) following IFN-α/tremelimumab compared to baseline
	Figure14. IFN-Treme. Change in the percentage of lymphoid type MDSC (Lin1-HLA-DR-CD33+CD11b+) at D85 (completion of one course of IFN-α/tremelimumab) compared to baseline plotted by tumor response status (CR/PR versus SD/PD)
	Figure15. IFN-Treme. Decrease in the percentage of the monocytic type MDSC (Lin1-/HLA-DR-/CD33+/CD11b+) at D29 (p=0.04) and D85 (p=NS) following IFN-α/tremelimumab compared to baseline
	Figure 16. Vaccine. This figure illustrates the distribution of baseline absolute lymphocyte count (ALC) and baseline C-reactive protein (CRP) by clinical benefit (PR/SD versus PD)
	Figure 17. Vaccine. This forest plot presents graphically the multicolor flow cytometry data summarized in Table 13. It compares cell surface marker expression on PBMCs before and after treatment to monitor T-regulatory cells (T-reg) and myeloid-derived suppressor cells (MDSC) in the blood at baseline and following treatment (day 50 and day 90) in patients treated with multi-epitope vaccine in adjuvant with PF-3512676 and GMCSF
	Figure 18. Vaccine. Decrease in the percentage of other monocytes MDSC type (HLA-DR+ low/CD14+) at day 50 compared to baseline (p=0.07) and day 90 following multi-epitope vaccine in adjuvant with PF-3512676 and GM-CSF

	ACKNOWLEDGMENTS
	1.0 INTRODUCTION
	1.1 METASTATIC MELANOMA
	1.2 IMMUNITY IN MELANOMA, THE ROLE OF IMMUNE TOLERANCE IN ADVANCED METASTATIC DISEASE AND IMPLICATIONS FOR IMMUNOTHERAP
	1.3 STRATEGIES FOR OVERCOMING TUMOR-INDUCED IMMUNE SUPPRESSION AND RATIONALE FOR OUR SELECTED APPROACHES


	2.0 STATEMENT OF PROBLEM
	3.0 HYPOTHESES
	4.0 FIRST CHAPTER: COMBINATION IMMUNOTHERAPY WITH INTERFERON-ΑLFA AND CTLA4 BLOCKADE
	4.1 CTLA-4 BLOCKADE WITH TREMELIMUMAB AND RATIONALE FOR TESTING IT IN COMBINATION WITH IFN-Α IN ADVANCED MELANOMA
	4.2 METHODS
	4.2.1 Primary (1st) Objective
	4.2.2 Secondary (2nd) Objectives
	4.3 RESULTS
	4.3.1 Patient Characteristics
	4.3.2 Treatment Details
	4.3.3 Efficacy
	4.3.4 Safety




	5.0 SECOND CHAPTER: MULTI-EPITOPE VACCINATION WITH MART-1 (26-35, 27L), GP100 (209-217, 210M), AND TYROSINASE (368-376, 370D) GIVEN WITH TLR-9 AGONIST AND GM-CSF
	5.1 TLR-9 ENGAGEMENT BY AGONIST PF-3512676 AND RATIONALE FOR COMBINATION WITH GM-CSF AS A POTENT IMMUNE ADJUVANT FOR A PROMISING MELANOMA TRIPLE PEPTIDE VACCINE AS A STRATEGY TO OVERCOME IMMUNE TOLERANCE IN ADVANCED MELANOMA
	5.2 METHODS
	5.2.1 Primary (1st) Objective
	5.2.2 Secondary (2nd) Objectives

	5.3 RESULTS


	6.0  THIRD CHAPTER: BIOMARKERS
	6.1 CANDIDATE BIOMARKERS OF PROGNOSTIC AND/OR PREDICTIVE VALUE TESTED IN CORRELATION WITH THE 2 CLINICAL TRIALS AS MARKERS OF CLINICAL BENEFIT AND REVERSAL OF IMMUNE TOLERANCE (1) NON-ANTIGEN SPECIFIC COMBINATION IMMUNOTHERAPY WITH TREMELIMUMAB AND IFN-Α AND (2) ANTIGEN-SPECIFIC TRIPLE PEPTIDE VACCINATION IN-OIL ADJUVANT WITH PF-3512676 AND GM-CSF
	6.2 METHODS
	6.2.1 First Objective
	6.2.2 Second Objective
	6.2.3 Third Objective

	6.3 RESULTS


	7.0 DISCUSSION
	8.0 CONCLUSIONS AND FUTURE DIRECTIONS
	BIBLIOGRAPHY

