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Background: Metastatic breast cancer is associated with a poor prognosis and therefore, innovative therapies are urgently needed. Here, we report on the results of a Phase I-II study using DeltaRex-G for chemotherapy resistant metastatic carcinoma of breast.
Patients and Methods: Endpoints: Dose limiting toxicity; Antitumor activity. Eligibility: ≥18 years of age, pathologic diagnosis of breast carcinoma, adequate hematologic and organ function. Treatment: Dose escalation of DeltaRex-G 1-4 x 1011cfu intravenously thrice weekly x 4 weeks with 2-week rest period. Treatment cycles repeated if there is ≤ Grade 1 toxicity until disease progression or unacceptable toxicity. Safety: NCI CTCAE v3 for adverse events reporting, vector related testing. Efficacy: RECIST v1.0, International PET criteria and Choi criteria for response, progression free and overall survival.
Results: Twenty patients received escalating doses of DeltaRex-G from 1 × 1011 cfu to 4 × 1011 cfu thrice weekly for 4 weeks with a 2-week rest period. Safety: ≥ Grade 3 treatment-related adverse event: pruritic rash (n = 1), no dose limiting toxicity, no replication-competent retrovirus, nor vector-neutralizing antibodies detected. No vector DNA integration was observed in peripheral blood lymphocytes evaluated. Efficacy: by RECIST v1.0: 13 stable disease, 4 progressive disease; tumor control rate 76%; by PET and Choi Criteria: 3 partial responses, 11 stable disease, 3 progressive disease; tumor control rate 82%. Combined median progression free survival by RECIST v1.0, 3.0 months; combined median overall survival, 20 months; 1-year overall survival rate 83% for Dose Level IV. Biopsy of residual tumor in a participant showed abundant CD8+ killer T-cells and CD45+ macrophages suggesting an innate immune response. Two patients with pure bone metastases had >12-month progression free survival and overall survival and are alive 12 years from the start of DeltaRex-G therapy. These patients further received DeltaRex-G + DeltaVax for 6 months.
Conclusion: Taken together, these data indicate that 1) DeltaRex-G has a distinctively high level of safety and exhibits anti-cancer activity, 2) PET/Choi provide a higher level of sensitivity in detecting early signs of tumor response to DeltaRex-G, 3) DeltaRex-G induced 12- year survival in 2 patients with pure bone metastases who subsequently received DeltaVax immunotherapy, and 4) DeltaRex-G may prove to be a biochemical and/or immune modulator when combined with other cancer therapy/immunotherapy.
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1 INTRODUCTION
According to the American Cancer Society statistics 2019, 271,270 persons are diagnosed with breast cancer and 42,260 persons die of the disease every year (Siegel et al., 2019). In recent years, precision medicine has come of age and the treatment of metastatic breast cancer now includes hormone therapy, targeted therapy, and immunotherapy with or without chemotherapy. Chemotherapy drugs include taxanes such as paclitaxel, docetaxel, albumin-bound paclitaxel, ixabepilone, and eribulin; anthracyclines such as doxorubicin, liposomal doxorubicin, and epirubicin, and platinum agents such as cisplatin and carboplatin; vinorelbine, capecitabine and gemcitabine (Jagsi et al., 2019; NCCN, 2021).
For hormone therapy, selective estrogen receptor modulators such as tamoxifen and selective estrogen receptor degrader such as fulvestrant have been combined with a selection of CDK4/6 inhibitors in palliative combination with hormone therapy (HT) initially and with second line CDK4/6 inhibitors and HT in sequence or a P13K inhibitor to treat metastatic breast cancer after other hormone treatments have failed (Mukohara, 2015; NCCN, 2021). Palbociclib, ribociclib, and abemaciclib block CDK4 and CDK6 cyclin dependent kinases (CDKs). These drugs are FDA approved for women with advanced hormone receptor-positive, HER2-negative breast cancer, usually together with an aromatase inhibitor or fulvestrant for women who have gone through menopause. Abemaciclib can also be used in women who have previously been treated with hormone therapy and chemotherapy (Ma and Sparano, 2021; NCCN, 2021). Recent evidence supports a positive role of hormone therapy in ER + HER2+ metastatic breast cancer (Cardoso, 2020).
About 30%–40% of breast cancers have a mutated PIK3CA gene. Alpelisib inhibits the PI3K protein found in cancer cells and is utilized in combination with fulvestrant for the management of advanced hormone receptor-positive, HER2-negative breast cancer in postmenopausal women. The treatment is specifically for those with a PIK3CA gene mutation, whose cancer has progressed while on or after receiving an aromatase inhibitor (Mukohara, 2015; NCCN, 2021). There are evolving safety guidelines on the use of drugs that target PIK3CA (NCCN, 2021). For HER2 positive breast cancer, a number of drugs have been developed that inhibit the HER2 protein kinase (Moasser and Krop, 2015; NCCN, 2021). Lapatinib, a protein kinase inhibitor is used to treat advanced breast cancer, usually with trastuzumab and capecitabine. Tucatinib kinase inhibitor is used to treat advanced breast cancer after one other anti-HER2 drug has failed usually with trastuzumab and capecitabine. Neratinib is another kinase inhibitor that is given with capecitabine for metastatic disease after 2 other anti-HER2 targeted drugs have been tried (Chan et al., 2016; NCCN, 2021).
Everolimus blocks the mammalian target of rapamycin (mTOR) pathway and has antiangiogenic properties. This drug is approved for menopausal women who have advanced hormone receptor-positive, HER2-negative breast cancer. It is used with the aromatase inhibitor, exemestane, for women whose cancers have grown while on either letrozole or anastrozole. It might also be used with fulvestrant (Baselga et al., 2012; NCCN, 2021). Olaparib and talazoparib are PARP inhibitors. PARP and BRCA proteins help repair damaged DNA (Henry et al., 2020; NCCN, 2021). However, BRCA (BRCA1 and BRCA2) gene mutations impair the DNA repair process. PARP inhibitors work by blocking the mutated PARP proteins. Olaparib and talazoparib are approved for the treatment of advanced or metastatic, HER2-negative breast cancer in women who carry a BRCA mutation, who have failed chemotherapy. If the tumor is hormone receptor-positive, olaparib can also be used in women who have failed hormone therapy.
For advanced triple-negative breast cancer (TNBC), sacituzumab govitecan, an antibody-drug conjugate (ADC), i.e., a monoclonal antibody joined to a chemotherapy drug can be used as monotherapy for advanced TNBC that failed at least 2 other chemo regimens (Bardia et al., 2017; NCCN, 2021). Pembrolizumab is a type of monoclonal antibody that hinders the programmed death-1 (PD-1) immune checkpoint. These drugs, by obstructing PD-1, enhance the immune response against breast cancer cells and can potentially impede the growth or reduce the size of tumors. In some cases, it is utilized in conjunction with chemotherapy to combat triple-negative breast cancer and is indicated for advanced or recurrent TNBC with evolving data for a possible role as neoadjuvant therapy (Schmidt et al., 2018).
Even though therapies such as chemotherapy, endocrine therapy, and targeted therapy have notably enhanced outcomes for women with early-stage breast cancer, the survival rate for women with metastatic disease (mBC) is still unsatisfactory, with a mere 29% survival rate over 5 years. This highlights the urgency to develop innovative therapeutic approaches (ACS, 2022). Here, we report on the results of a Phase I/II study using DeltaRex-G, a tumor-targeted retrovector bearing a CCNG1 inhibitor gene for chemotherapy resistant advanced carcinoma of breast.
2 PATIENTS AND METHODS
2.1 Study objectives
The primary goal is to identify the toxicity that limits dosage (DLT) and the highest dose that can be administered without causing treatment related serious adverse reactions (MTD) of DeltaRex-G administered as intravenous infusions. The secondary objectives are 1) to evaluate the potential of DeltaRex-G for evoking vector antibodies, recombination events, and unwanted vector integration in nontarget organs, and 2) to identify antitumor activity of DeltaRex-G.
2.2 Study drug and United States Food and Drug Administration (FDA)-approved vector production
DeltaRex-G is an amphotropic retrovector based on murine leukemia virus (MLV) that does not replicate and is designed to target abnormal Signature (SIG) collagenous proteins in the tumor microenvironment. It achieves this by displaying a collagen-binding motif referred to as cryptic Signature (SIG) on its gp70 surface membrane (TME; Hall et al., 2010; Stendahl Dy et al., 2018), and encoding a dominant negative mutant construct of human cyclin G1 (Gordon et al., 2018; Xu et al., 2001). The vector comprises a neomycin resistance (neor) gene that is controlled by the SV40 early promoter (Chawla et al., 2019; Figure 1). DeltaRex-G is produced by transiently co-transfecting human embryonic kidney 293 T-cells with 3 proprietary plasmid DNAs. Details of the production and evaluation of the clinical vector are available in other sources (Galanis et al., 2008; Chawla et al., 2009).
[image: Figure 1]FIGURE 1 | Graphic illustration of DeltaRex-G vector. The DeltaRex-G vector displaying a SIG targeting peptide (A), for binding to Signature (Sig) Proteins in the tumor microenvironment [TME] (B), and encoding a dominant negative human cyclin G1 inhibitor gene (C). Injected intravenously, DeltaRex-G nanoparticles seek out and bind to abnormal SIGproteins in the TME which augments effective vector concentration in tumors (Chawla et al., 2019).
The final product exhibits a vector titer of 5 × 109 colony forming units (cfu) per milliliter, a biologic potency of 50%–70% growth inhibitory activity in target cancer cells, less than 550 bp residual DNA, no detectable E1A or SV40 large T antigen, and no detectable replication competent retrovirus (RCR), in compliance with FDA recommendations for retroviral vector-based gene therapy products. The vector formulation is stored in aliquots of 23 mL in a 30 mL glass vial and kept frozen at −70o to −90°C until used. The DeltaRex-G vector is prepared for patient administration by quickly thawing it in a 34°–37°C water bath, either in the vial or cryobag. The vector is thawed 15–30 min before being given to the patient via intravenous infusion at a rate of 4 mL per minute. During handling and disposal of the vector, all personnel comply with Biosafety Level 2 regulations in accordance with the National Institutes of Health Guidelines for Research Involving Recombinant DNA molecules.
2.3 Vector-related testing and biodistribution studies
The evaluation process involved conducting several tests, including detecting the presence of anti-vector antibodies in the patient’s serum, testing for the presence of replication-competent retroviruses (RCRs), and performing vector DNA integration studies in the patient’s peripheral blood lymphocytes. The methods used for these tests were described previously (Galanis et al., 2008).
2.4 Study design
Using the Cohort of Three design (Storer, 1989), three patients are treated at each dose level with expansion to 6 patients per cohort if dose limiting toxicity (DLT) is observed in any 1 of the first 3 patients at each dose level. The maximum tolerated dose (MTD) was the dose level wherein none of the three patients or at most one out of six patients experienced a DLT and wherein at least two patients experienced a DLT at the subsequent higher dose level. A DLT was defined as any National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI CTCAE, 2006) Grade 3, 4, or 5 adverse event (AE) that could be related to the study drug is categorized as possibly, probably, or definitely, with the exception of Grade 3 absolute neutrophil count that lasts less than 72 h; Grade 3 alopecia; or any Grade 3 or higher incidence of nausea, vomiting, or diarrhea in a patient who did not receive maximal supportive care (NCI CTCAE v3).
Adaptive design: The Phase II part of the study was that part in which patients who had no or resolved Grade 1 toxicity were eligible to receive extra cycles of therapy. Protocol Amendments I and II permitted an intra-patient dose escalation up to Dose Level II for patients who did not experience any toxicity or whose toxicity had reduced to Grade 1 or lower, if safety had been confirmed for a higher dose level in a Phase I/II study of sarcoma conducted concurrently (Chawla et al., 2009). Furthermore, it was possible to expand each cohort in the study to 6 or 7 patients if significant biologic activity (stable disease or better) was noted at each dose level. The principal investigator had the authority to suggest surgical resection or debulking after a minimum of one cycle of treatment. The initial evaluation of the response was performed using the Response Evaluation Criteria in Solid Tumors (RECIST) (Therasse et al., 2000). Furthermore, the International Positron Emission Tomography (PET) criteria (Young et al., 1999) and a modified RECIST as described by Choi et al. (2007) were used as additional evaluations. Safety and efficacy analyses were conducted by the site Principal Investigators (HWB and SPC).
2.4.1 Inclusion criteria
Patients included in the study had to have a confirmed pathologic diagnosis of advanced or metastatic chemotherapy resistant cancer of breast that was determined through histological or cytological examination, be ≥ 18 years of age, have an Eastern Cooperative Oncology Group (ECOG) performance score of 0–1, and acceptable hematologic, hepatic, and kidney function.
2.4.2 Exclusion criteria
Patients with human immunodeficiency virus, hepatitis B virus, or hepatitis C virus positivity, medical or psychiatric conditions that could compromise proper adherence to the protocol, and patients who refuse to use effective contraception during the treatment with DeltaRex-G and for 6 weeks following treatment completion were excluded.
2.5 Statistical analysis
Safety evaluable population: Intention-to-Treat (ITT) population were all patients who received at least one dose of DeltaRex-G: 20 patients (used for safety and overall survival). Efficacy Evaluable Population: Modified Intention-to-Treat (mITT) population were all patients who received at least one treatment cycle and had a follow-up PET-CT scan. Seventeen patients in the mITT group were used for response, progression-free survival (PFS) and overall survival (OS).
2.5.1 Safety analysis
Pretreatment evaluation included history, physical exam, and laboratory tests. These tests included a complete blood count with differential and platelet count, and a serum chemistry panel that measured levels of aspartate transaminase, alanine transaminase, alkaline phosphatase, creatinine, and total bilirubin. The evaluation also involved an assessment of the patient’s coagulation status by testing prothrombin time, international normalized ratio, and activated partial thromboplastin time. Furthermore, patients were tested for the presence of human immunodeficiency virus (HIV), hepatitis B virus, and hepatitis C virus. All patients had a complete blood count and serum chemistry panel performed weekly during treatment. Toxicity was assessed not only before each vector infusion but also before beginning an additional treatment cycle. The grading of toxicity was done using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE, 2006) version 3. Patient serum was collected for detection of vector neutralizing antibodies and antibodies to gp70. At the end of 4 weeks, peripheral blood mononuclear cells were collected to check for the presence of vector DNA integration and replication competent retrovirus (RCR), at 6 weeks, or before the start of a treatment cycle. Vector-related studies were performed as previously described (Galanis et al., 2008; Chawla et al., 2009; Chawla et al., 2019).
2.5.2 Efficacy analysis
The formula for evaluation of tumor burden is given below:
Evaluation of tumor burden: Estimated tumor burden was determined for each patient using the following formula:
ETB (# cancer cells) = [Sum of Target Lesions (cm) + (No. of Non-Target Lesions + (20*)] × 109 (Assumption: 1 cm = 1 × 109 cancer cells).
*Note: For each instance of ascites, pleural effusion, and/or non-target lesions that are too numerous to count, 20 × 109 cancer cells were considered present. (Chawla et al., 2019).
Before initiating the treatment, various imaging evaluations were conducted, which included a whole-body Fluorodeoxyglucose (FDG)-positron emission tomography (FDG PET)-computerized tomography (CT scan), electrocardiography, and chest X-ray. FDG/PET-CT scan was done for efficacy assessment at the end of 4 weeks, at the end of 6 weeks, or before starting an additional treatment cycle up to 12 weeks, and every 12 weeks thereafter. RECIST v.1.0 criteria was used to assess the tumor responses [complete response (CR); partial response (PR); stable disease (SD) or progressive disease (PD)] (Therasse et al., 2000). Tumor control rate was defined as the per cent of patients who had CR, PR or SD at any time during the DeltaRex-G treatment period. Tumor responses were also evaluated using modifications of the International PET criteria (Young et al., 1999) and the Choi criteria (Choi et al., 2007). According to the modified International PET Criteria, a CR was defined as disappearance of FDG avid uptake in target and non-target lesions with no new lesions; PR as a decrease in maximum standard uptake value of >25% from baseline with no new lesions along with no obvious progression of non-target lesions; PD as an increase in maximum standard uptake value of >25% from baseline, any new lesions, and obvious progression of non-target lesions; and SD as not meeting the criteria for CR, PR, or PD, and no symptomatic deterioration attributed to tumor progression. As per the modified Choi criteria, CR was defined as the disappearance of all evidence of disease, including any existing lesions, as well as no appearance of new lesions; PR as a decrease in size of ≥10% or a decrease in CT density (Hounsfeld units) ≥15% with no new lesions and no obvious progression of non-measurable disease; PD as an increase in tumor size of >10% and did not meet criteria for PR by CT density, any new lesions, including the formation of tumor nodules within a previously cystic tumor; and SD as not meeting the criteria for CR, PR, or PD, and no symptomatic deterioration attributed to tumor progression.
3 RESULTS
3.1 Enrollment and demographics
Table 1 displays the characteristics of the patients. From 22 August 2007 to 24 June 2011, twenty patients participated in the study. Median age was 58.5 (range 33–77) years, 100% were women with metastatic breast carcinoma, and an ECOG score of 1. The median number of previous chemotherapy regimens received was 3 (range 1–12). Eighteen (90%) were white and 2 (10%) were Asian. Twelve (60%) patients had tumors that were HR + HER2-, 1 (5%) HR + HER2+, and 7 (35%) triple negative.
TABLE 1 | Patient characteristics (n = 20).
[image: Table 1]3.2 Summary of safety
No toxicity was observed that would restrict the administration of treatment at any of dose levels. Treatment related adverse events occurred in 5 patients, and almost all toxicity levels were Grade 1 or 2 except for one case. Although unrelated adverse events were reported for all patients, the incidence of these events was low (in most cases 1 or 2 occurrences per adverse event), and most were Grade 1 or 2. Three patients in the study had serious adverse events, but the Investigator did not consider them to be related to the study drug.
3.2.1 Nonserious, treatment-related AEs
Table 2 shows the listing of treatment related adverse events (TRAEs). Five of the 20 patients experienced a total of 8 TRAEs. Three of the 5 patients had 1 TRAE each, 1 patient had 2 TRAEs and 1 patient had 3 TRAEs. These 8 events included chills, pruritis, pruritic rash, dry skin, and hot flushes in 1 patient each and dysgeusia in 3 patients. All study drug-related adverse events were nonserious and Grade 1 or 2 in severity, except for one event of Grade 3 pruritic rash. All of the TRAEs occurred in patients treated at Dose Level II or higher and 6 of the 8 events occurred in patients treated at Dose Level III or IV and were hypersensitivity reactions treated with diphenhydramine.
TABLE 2 | Listing of patients with treatment-related adverse events.
[image: Table 2]3.2.2 Nonserious unrelated AE
The Investigator/s considered all nonserious adverse events experienced by the 20 patients to be unrelated to the study drug. The majority of unrelated events were Grade 1 or 2.
A summary of nonserious unrelated Grade 3 adverse events that were reported in more than two patients is provided in Table 3. The most frequent nonserious unrelated Grade 3 AE was vomiting (3 patients). Other Grade 3 AEs that were reported in 2 patients were anemia, nausea, AST increased, alkaline phosphatase increased, and phosphorus increased. All other Grade 3 AEs were reported in only one patient each.
TABLE 3 | Grade 3 nonserious unrelated adverse events reported in 2 or more patients.
[image: Table 3]3.2.3 Serious AEs
Three out of the twenty patients experienced serious adverse events, but they were not considered related to the study drug. These AEs comprised Grade 2 malignant pleural effusion in one patient and Grade 2 pathologic fracture in one patient. One patient had 6 SAEs: Grade 4 pulmonary embolism, Grade 4 pyrexia, Grade 4 dyspnea, Grade 4 respiratory congestion, and Grade 4 Pseudomonas infection and Grade 4 neutropenia with neutropenia occurring after onset of Pseudomonas infection. None were considered related to the study drug.
3.2.4 Vector-related safety parameters
Vector-related safety parameters also indicated no adverse effects of DeltaRex-G: no patient tested positive for vector neutralizing antibodies, antibodies to gp70, replication-competent retrovirus in peripheral blood lymphocytes (PBLs) or vector integration into genomic DNA of PBLs.
3.3 Summary of efficacy
Table 4 shows the summary of responses to DeltaRex-G. Of the 20 enrolled and treated patients, 7 were treated at Dose Levels 0-II, 7 were treated at Dose Level III, and 6 were treated at Dose Level IV. Seventeen patients received at least one complete treatment cycle of 4 weeks and underwent follow-up PET-CT scan, thus they were considered for efficacy evaluation. By RECIST v.1.0, 13 patients had SD and 4 patients had PD. There was no clear relationship between the DeltaRex-G dosage and response, as similar numbers of patients had SD or PD at each dose level. The tumor control rate (CR + PR + SD) by RECIST was 76% (13/17 patients). By both PET and Choi modified RECIST criteria, 3 patients had PR, 11 SD and 3 PD, tumor control rate 82% indicating that PET and Choi may be indicators of early tumor response compared to the standard RECIST v1.0.
TABLE 4 | Summary of responses in study C07-104 (Recurrent or metastatic breast cancer).
[image: Table 4]PFS by RECIST v1.0 ranged from 3.5 months at Dose Level 0-II, 1.25 months at Dose Level III and 2 months at Dose Level IV, thus no dose-response relationship was apparent. Patients in Dose Level III had a higher tumor burden, which may have contributed to the shorter PFS observed in this group. One of one (100%) patient with HR + HER2+ breast cancer had a PFS of 24 weeks, 5/12 (43%) patients with HR + HER2-breast cancer had a PFS ranging from 24 to 107 weeks, and one of 6 (17%) patients with TNBC had a PFS of 24 weeks. Of note, two patients (HR + HER2-) with extensive bone metastases only and no visceral involvement (one patient at Dose Level III and one at Dose Level IV) had a PFS of greater than 1 year when tested using FDG-PET (Figure 2).
[image: Figure 2]FIGURE 2 | Response to DeltaRex-G in a patient with pure bone metastases. (A) Significant regression of bone metastases by PET-CT scan (PR) with SUVmax plotted on the vertical axis as a function of time from treatment initiation, weeks; (B) Fluctuating CA-15 levels plotted on the vertical axis as a function of time from treatment initiation, weeks. Normal levels are expressed as dotted lines on the 30 U/ml axis.
OS was examined in the ITT and mITT population. OS rates in the ITT population at 1 year was 60% at all dose levels (66% in the mITT population), and 83% at Dose Level IV in the ITT and mITT populations. OS estimates at 2 years was 40%. Out of the 20 patients, eight survived for a period of 19–43 months from treatment initiation. Of those remaining alive, 1 was treated at Dose Level 0-II, 2 were treated at Dose Level III, and 5 were treated at Dose Level IV. Two patients were reported alive 3 and 12 years after treatment initiation. Of note, one additional patient (not on study) who had pure bone metastasis and received DeltaRex-G + DeltaVax (a tumor-targeted retrovector encoding a granulocyte macrophage colony stimulating factor (GM-CSF) gene) for 6 months was reported alive 12 years after DeltaRex-G treatment initiation.
4 DISCUSSION
One of the exciting areas of drug development is the idea of combining targeted therapies without using chemotherapy (Rana and Sridhar, 2012; Chawla et al. 2022). The safety of multiple DeltaRex-G infusions at all four dose levels was established with no DLT in this Phase I/II study, and the MTD was not reached It is important to note that there was no treatment-related loss of hair, bone marrow suppression nor organ dysfunction at all dose levels. The serious adverse events experienced by these patients were due to disease-related complications, and were determined by the principal investigators to be unrelated to the DeltaRex-G. Additionally, no safety issues related to the vector were found. This was demonstrated by the absence of anti-vector neutralizing antibodies, antibodies to gp70, replication-competent retrovirus in PBLs, or vector integration into genomic DNA of PBLs. The data indicates that DeltaRex-G is uniquely safe when compared to FDA-approved therapies for carcinoma of breast as it has none of the dose limiting toxicities described for standard treatments (Gordon et al., 2004; Gordon et al., 2006; Gordon and Hall 2007; Gordon and Hall, 2010; Gordon et al., 2018; Chawla et al., 2009; Chawla et al., 2010; Chawla et al., 2016; Chawla et al., 2019).
The confirmed tumor control rate of 72% by RECISTv1.0 indicates that DeltaRex-G may have anti-tumor activity in patients with metastatic breast cancer who have failed prior chemotherapy. The 1-year overall survival (OS) rate of 83% observed in patients receiving Dose Level IV is a promising finding and indicates a potential survival advantage compared to the 70% OS at 1 year in historical controls receiving first-line therapy with paclitaxel with or without lapatinib (Di Leo et al., 2008). Of note, two patients with extensive bone metastases only and no visceral involvement had the longest PFS by PET and two patients who received DeltaRex-G + DeltaVax are alive >12 years from DeltaRex-G treatment initiation. The brief treatment of the majority of patients suggest DeltaRex-G may have longer term benefits that could complement immunotherapy since histopathologic examination of a biopsied residual tumor showed presence of CD8+ killer cells and CD45+ immune cells in the tumor microenvironment (Figure 3).
[image: Figure 3]FIGURE 3 | Tumor infiltrating lymphocytes in residual tumor of DeltaRex-G treated invasive breast cancer patient. Photomicrograph of resected residual tumor showing (A) Hematoxylin eosin stain; (B) Trichrome stain for collagen; (C) CA15-3 immunohistochemical stain for cancer cells; (D) Hematoxylin eosin stain showing immune cell infiltrates; (E) CD45+ cells; (F) CD8+ killer cells.
This study was carried out during the period of 2007–2011. Since then, sophisticated molecular profiling for targeted therapy (Coombs et al., 2019; Bagaev et al., 2021) and immunotherapy products for metastatic breast cancer have been FDA approved at a rapid pace. However, in 2022, the American Cancer Society reported that 5-year survival for metastatic disease remained only 29% indicating that innovative therapies are urgently needed.
The clinical development of DeltaRex-G was halted in 2011 for undisclosed reasons by the acquiring entity. However, in 2018, 8 cancer survivors who were treated with DeltaRex-G with or without DeltaVax, a tumor-targeted retrovector encoding a granulocyte macrophage colony stimulating factor (GM-CSF) gene, were reported (Liu et al., 2021). This report inspired the revival of DeltaRex-G and the USFDA authorized opening of Blessed: Expanded Access for DeltaRex-G for an intermediate size population with advanced pancreatic adenocarcinoma and sarcoma, and Individual Patient Use of DeltaRex-G as adjuvant therapy for early-stage HR + HER2+ invasive breast carcinoma and triple negative breast carcinoma (Chawla et al., 2022).
4.1 Future perspectives
Mechanistically, DeltaRex-G blocks the cell cycle in G1 phase which causes apoptosis and necrosis of tumors, without bone marrow or innate immune suppression. Consequently, DeltaRex-G has been shown to evoke an innate immune response and white cell migration to necrotic tumors as part of the body’s clean-up process (Stendal Dy et al., 2018). The DeltaRex-G mechanism of action creates a need for caution in the interpretation of tumor responses using RECIST v.1.0 which was formulated to evaluate response to chemotherapy drugs. In our experience, DeltaRex-G causes an inflammatory clean up reaction; hence, target lesions may look larger and occult lesions may appear as new lesions on PET-CT scan in DeltaRex-G treated patients. These findings support the use of clinical judgment when evaluating tumor responses in planned Phase II/III trials as radiologic improvement could occur with extended DeltaRex-G therapy (Chawla et al., 2009; Chawla et al., 2019). Finally, the potential role of DeltaRex-G as a biochemical and/or antigen modulator for enhancing the efficacy of targeted therapies/immunotherapy is evident as DeltaRex-G does not suppress the immune system (Gordon et al., 2004; Gordon et al., 2006; Gordon and Hall et al., 2007; Gordon et al., 2018; Chawla et al., 2009; Chawla et al.2010; Chawla et al.2016; Chawla et al., 2019), and its cytocidal activity on tumor associated fibroblasts which reduces stroma production, could be harnessed to facilitate immune cell entry and/or enhance effective drug concentration into the tumor microenvironment (Stendahl Dy et al., 2018). Finally, human cyclin G1 (Gordon et al., 2018) protooncogene, a novel biomarker in development for DeltaRex-G CCNG1 inhibitor therapy, may identify patients who will respond favorably to DeltaRex-G gene therapy.
4.2 Limitations of the study
The phase I/II clinical trial is a non-randomized study. Therefore, more evidence would be needed from phase II or III randomized studies using DeltaRex-G (with or without immunotherapy) to reach definitive conclusions about the efficacy and safety of DeltaRex-G for metastatic carcinoma of breast.
5 CONCLUSION
Taken together, these data indicate that 1) DeltaRex-G is has a unique safety profile and has shown antitumor activity, 2) PET/Choi are more sensitive indicators of early tumor responses to DeltaRex-G, 3) The combination of DeltaRex-G with other cancer therapy/immunotherapy has the potential to act as a biochemical and/or antigen modulator, and 4) DeltaRex-G can be considered as a viable treatment option for patients who do not want to receive chemotherapy. A randomized Phase II study is warranted for further clinical development of DeltaRex-G, with or without targeted therapy or immunotherapy, for metastatic carcinoma of breast (Gordon and Hall, 2010).
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Notes: All drug-related AEs, were nonserious.
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Note: Numbers shown are the number of patients who experienced the indicated event at the indicated DeltaRex-G, dose level.
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White | 18 (90%)
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Receptor

HR + HER2- 12 (60%)

HR + HER2 + 1(5%)

Triple negative 7 (35%)
Disease Stage

Metastatic 20 (100%)

ECOG 1 (100%)
Number of previous chemotherapy regimens [

Median 3
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Category Dose level

mITT Patients” N=6 N=5 N=6 N=17
Median tumor burden (# cells x 10°) 338 739 310 7 N.D.
Median Cum. Dose (x 10" cfu) | 53 | 54 [ 120 [ N.D.
Response by RECIST 55D; 1PD 4SD; 1PD 1 4SD; 2PD 138D; 4PD
Response by PET 2PR, 38D, 1PD 1PR, 45D 48D, 2PD | 3PR, 118D, 3PD

Response by Choi 3PR, 35D 48D, 1PD 48D, 2PD 3PR, 118D, 3PD

 Median PES (mo) by

- RECIST 35 125 3 3
~ Median OS (mo) 256 675 21
ITT population® N=7 N=7 N=6 N=20
Median OS (mo)* 330 55 210 200
%08
1 year 714% 286% 83.0% 60%
# Alive’ 117 27 5/6 8/20

ITT, intent-to-treat; mITT, modified ITT; cum, cumulative; mo, month; ND, not determined; RECIST, response evaluation criteria in solid tumors; PET, positron emission tomography; Choi,
modified RECIST, as described by Choi et al.PFS, progression-free survival; OS, overall survival.

“Dose Level 0= 1 x 10" cfu twice per week (BIW); Dose Level 1 = 1 x 10" cfu three times per week (TIW); Dose Level 11 =2 x 10'" cfu TIW; Dose Level Il = 3 x 10" cfu TIW; Dose Level IV =
1 10" cfu TIW.

"mITT, population was defined as all patients who received at least one cycle (4 weeks) of DeltaRex-G, and had a follow-up PET CT, scan.

ITT, population was defined as all patients who received at least one infusion of DeltaRex-G.

‘Among patients with bone metastasis only, O, was 100% at 2 years.
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