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This is another tool in our oncology toolbox. 

Immunotherapy approaches engaged in clinical testing are highly visible as a result of the dramatic activity
 demonstrated with PD-L1/PD-1 inhibitors and recent FDA approved product indications {1,2}. As such, the work
 performed by Iwasa et al. is quite timely and relevant in the consideration of combination immunotherapy strategies.
 Cancer vaccines have been observed for the past several decades with limited evidence of improving clinical outcomes
 {3,4}. Efficient vaccine-primed cytotoxic lymphocytes may lose their responsiveness to cancer neo-antigens as a result
 of immunosuppressive, cytokine induced activity and involvement of T regulatory cells. Additionally, checkpoint
 inhibition, such as CTLA-4 (CTL-associated protein 4) or PD-1 / PD-L1 (programmed death) pathways can be pirated by
 cancer to mediate inhibition {5,6}. 

However, recently clinical effectiveness has been shown with immune checkpoint inhibitors and durable clinical
 responses are described {7,8}. High response rates and increased overall outcome are associated with pre-existing
 immunity, detected by the presence of CD4+, CD8- cells as well as tumor-infiltrating lymphocytes (TILs). Patients with
 no or low levels of TIL show lower response rates and do not respond well to immunotherapies. These results suggest
 combination therapies of cancer vaccines may increase antigen-specific immune response with checkpoint inhibitors. 

Iwasa et al. describe their experience with a new cancer vaccine, a mixture of 10 peptides, in advanced and relapsed
 gastrointestinal cancer patients. Their vaccine is comprised of novel CTL-epitope peptides (KRM-10) that can bind to
 different HLA-alleles. Compared to other conducted cancer vaccine trials that did not demonstrate evidence of
 appropriate dose-effect levels or predictive biomarkers, they showed correlation of both CTL and IgG response favoring
 vaccine activity. A majority of cancer patients express different HLA alleles, including HLA-A2, A24, A3, A11, A31, A33
 or A26. Iwasa et al. selected 10 peptides, chosen in previous clinical trials for vaccination, to activate HLA-class IA CTL
 activity {5,9}. The frequency of protein expression, based on the selected 10 peptides for the KRM-10 vaccine, was
 detected in the analysis of six selected antigens identified from resected tumors of the gastrointestinal tract
 (esophageal, gastric, colorectal); all six of those antigens are expressed in adenocarcinomas, while 4/10 are expressed
 in squamous cell esophageal-carcinoma {9}. The study shows safety, with adverse effects limited to injection-side
 reactions, and no DTLs or delayed toxicities were observed during the use of KRM-10. Six patients had stable disease,
 while 15 showed progressive disease. The results of this study may suggest a potential improvement of clinical benefit
 with cancer vaccinations that increase immune response. However, immune tolerance or suppressive regulating activity
 seems to inhibit immune activation, respectively. Questions do remain whether HLA-matched peptide competition for
 binding the same HLA-molecule, metabolizing of peptides that bind different HLA-alleles expressed in other patients, is
 limiting immunogenicity. 

Another, relatively small, phase 1 clinical trial shows similar data. Chianese-Bullock et al. investigated safety and
 efficacy of a multi-peptide cancer vaccine for patients with advanced ovarian cancer. Patients received 5 HLA-restricted
 peptide vaccinations, derived from ovarian-cancer associated proteins, in combination with a granulocyte-macrophage-
colony-stimulating-factor (GM-CSF). GM-CSF increases the maturation and proliferation of APC and therefor enhances
 antigen-specific immune response {10,11}. CD8 T-cell response was observed, and selected peptides suggested
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 immunogenicity. 

An important limitation of many current cancer vaccination strategies is the employment of limited or even single
 antigens that are often 'off the shelf' and not clearly relevant to an individual patient's malignancy. In fact, evidence is
 growing that a large proportion of tumor 'neoantigens' are not shared between patients and that the most immunogenic
 and thus therapeutically effective antigens in a patient may be truly patient-unique {12-18}, thereby strongly supporting
 the use of autologous tumor for the antigen source. Two salient examples of this issue come from the recent literature.
 Rosenberg's group showed that the TH1 cell clone responsible for clinical response in a patient with metastatic
 cholangiocarcinoma treated on an adoptive T cell protocol was a single unique mutation in ERBB2 {19}. Schreiber's
 group used genomic and bioinformatic approaches to identify autologous tumor-specific mutant antigens responsible for
 anti-PD-1-mediated rejection of an aggressive sarcoma in a mouse model {20}. These results support the hypothesis
 that autologous tumor-specific neoantigens are critical targets of effective immunotherapy including checkpoint
 blockade therapy of the PD-1/PD-L1 axis. More directly, Karyampudi et al. {21} tested single peptide (of relevant tumor
 antigen) vaccine, single agent PD-1 inhibitor, multiple peptide vaccine and combination of PD-L1 inhibitor/multi-peptide
 vaccine in BALB/c mice with the TUBO cell line (PD-L1 negative breast cancer cell line) xenograft mouse model and
 eloquently demonstrated marked tumor response, growth control and survival advantage to the combination of multi-
peptide vaccine and PD-1 inhibitor. None to minimal effect was observed to the singlet cohorts. Impressively, memory
 precursory effector cells were also significantly induced and demonstrated further protective activity after dosing
 completion. 

There is certainly a need for additional immunomodulation combinations in the immunotherapy regimen. A focus to
 increase T-cell response, in combination with inhibitors, blocking the immune-suppressive pathways would appear
 fruitful. One of the greatest factors of immunosuppression, related to cancer cells, is TGF-β expression and its effect on
 immune cells {22}. TGF-β is expressed by T-regulatory and cancer cells causing apoptosis in antigen-presenting cells
 (APCs), and inhibiting effective CD8-cell response by blocking the synthesis of interferon-γ, granzymes A and B, and
 perforin. Targeted therapy of TGF-β enhances highly effective cytotoxic T-cell response against cancer cells with
 correlated increase of INF-γ, as a reasonable measurement for immune response {23-25}. 

Another product, Vigil (previously called FANG), an autologous irradiated tumor cell immunotherapy transfected with
 GMCSF and bi-shRNA furin (which effectively knocks down TGFβ 1, 2 expression) plasmids, had previously
 demonstrated correlation of upregulated circulating activated immune effector cells via ELISPOT assay with vaccine
 administration in advanced cancer patients. Moreover, the upregulated number of these circulating ELISPOT
 responsive cells greater than or at least as great as a threshold of 10 demonstrated further correlation with survival
 advantage to treatment with Vigil. Iwasa et al. also demonstrated evidence of 'turn on' of circulating effector
 mononuclear cells in response to KRM-10 dosing. 

Cancer vaccine development is headed in the right direction. These are promising results that support the start of further
 testing towards the development of 'another tool in our oncology toolbox' of therapeutic options for the management of
 cancer.
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