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Background

Bromonitrozidine (RRx-001) is a minimally toxic, NLRP3 inhibitor that has been observed, in experimental systems, to also downregulate CD47, repolarize tumor associated macrophages (TAMs) and normalize aberrant tumor perfusion. This phase 1 pilot study was undertaken to determine the safety and feasibility of RRx-001 and nivolumab in patients with advanced cancer and no standard options.





Methods

This single arm, single site, open-label pilot study (NCT02518958) called PRIMETIME was designed to evaluate the safety profile of RRx-001 and nivolumab in patients with advanced malignancies and no other standard therapeutic options. A 3 + 3 trial design was used to establish safety of the combination at each dose level and guide the decision to escalate dose. RRx-001 is infused once weekly while nivolumab is given at 3mg/kg once every 2 weeks. The RRx-001 starting dose was 2 mg IV weekly with 4 dose level escalations up to 16 mg IV weekly. From January 2015 to November 2015, twelve patients received treatment for only 4 cycles (total 12 weeks) with the combination due to unavailability of nivolumab, which was not supplied to the Sponsor. Treatment-emergent (all cause, TEAEs) and treatment-related (TRAEs) adverse events that occurred within 16 weeks of the first dose of RRx-001 and nivolumab were characterized according to CTCAE v4.03.





Results

Twelve patients received ≥1 dose of RRx-001 and nivolumab. One discontinuation occurred due to pneumonitis and one to voluntary withdrawal after a post-procedural infection. There were no DLTs. The main adverse event related to RRx-001 was infusion reaction (33.3%). The main adverse event related to the combination was pseudoprogression manifested by larger tumors in patients that were symptomatically improved (25%). The most common immune-related treatment-emergent AEs were pneumonitis (8.3%), and hypothyroidism (8.3%). The objective response rate at 12 weeks was 25% and the disease control rate (DCR) consisting of ≥SD was 67% by Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. 25% of the patients progressed on the combination.





Conclusions

The combination of RRx-001 and nivolumab was safe and well-tolerated with preliminary evidence of anti-cancer activity. Further clinical trials with RRx-001 and nivolumab are warranted.





Clinical trial registration

ClinicalTrials.gov identifier, NCT02518958.
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Introduction

Checkpoint inhibitors (CIs) such as anti-PD-1, anti-PD-L1 and anti-CTLA-4 have demonstrated activity in multiple immunogenic tumor types, including melanoma, NSCLC, SCLC, bladder, renal, and head and neck (1) However, many patients do not benefit (less than 30% of the patients with so-called immunogenic tumors are responsive and about a quarter of the responsive patients develop resistance (2)) due to several factors such as the co-optation of other inhibitory pathways like TIM3, LAG-3 and IDO or the release of pro-tumoral, immunosuppressive cytokines such as TGF-β or IL-10 that collectively induce tolerance (3).

One strategy that has been tried to increase the cytotoxic activity of CD8 T cells and to overcome the immunosuppressiveness of the tumor microenvironment is the administration of immunotherapy in combination: checkpoint inhibitors with non-overlapping mechanisms of action such as an anti-PD-1 and an anti-CTLA-4 have been evaluated in several tumor types (4), which increased response rates but also the frequency and severity of immune related adverse events (5, 6).

It has been proposed that the difference between CI-responsive or “hot” tumors i.e., melanoma and NSCLC and CI-non-responsive or “cold” tumors i.e., pancreas, prostate, ovarian and microsatellite stable (MSS)-colorectal is the density of T cell infiltration; the denser the immune infiltrate (i.e., the hotter the tumor) the greater the likelihood of benefit from checkpoint blockade. Conversely, the less dense the infiltrate (i.e., the colder or the more “immune excluded”) the tumor the less responsive to checkpoint blockade. The positive effect of tumor infiltrating lymphocytes (TILs) has been reported in several cancers (7–9).

Inefficient trafficking of T cells to the tumor is a function of several factors including an aberrant vasculature with irregular blood flow (10) and the presence of stromal cells, the most abundant of which are tumor associated macrophages (TAMs) that elaborate an anti-inflammatory immune-regulatory agenda rather than a pro-inflammatory and phagocytic one (11) Anti-tumor macrophages are referred to as M1 while pro-tumor macrophages are referred to as M2 (12). Upregulation of CD47, a checkpoint (13) for innate immunity that is ubiquitously present on phagocytic cells, including monocytes, macrophages, dendritic cells and neutrophils, promotes M2 polarization; hence, CD47 inhibition or downregulation is associated with immune sensitization (14).

RRx-001 is a minimally toxic NLRP3 inhibitor (15, 16) in Phase 3 for small cell lung cancer (SCLC) (17) that is associated with vascular normalization (18) properties as well as epigenetic inhibition and tumor associated macrophage repolarization through CD47 downregulation (19, 20). The interaction of CD47 with its ligand signal regulatory protein-α (SIRPα) serves as a marker of self to innate immune cells like macrophages, which engulf foreign cells but not self, and, in this way, CD47 expression protects cancer cells from phagocytic clearance (21). The upregulation of CD47 expression is generally epigenetic (22), and recent unpublished evidence has demonstrated that RRx-001-mediated downregulation of CD47 is related to epigenetic inhibition. Unlike traditional CD47 antibody inhibitors (23), RRx-001 is not associated preclinically or clinically with anemia, thrombocytopenia (24) or any immune-related adverse events. Moreover, to date, in over 300 patients treated no dose limiting toxicities (DLTs) have been observed with RRx-001 and no maximally tolerated dose (MTD) has been reached (25).

Given the favorable toxicity profile of RRx-001 and since both CD-47 and PD-L1 serve as innate and adaptive checkpoints, respectively, it was hypothesized that the combination of RRx-001 and nivolumab would be well-tolerated and potentially active in tumor types that were traditionally non-CI-responsive due to the broadness of induced innate and adaptive immune stimulation against target tumors.

Different dosing schedules exist for the treatment with RRx-001, ranging from pretreatment as a single agent once or twice weekly for up to 1 month or to co-administration with a combination partner every week or every other week until progression. Schedules, which involve pretreatment may be less active in combination with immunotherapy since RRx-001 administration has been associated with the generation of the immunosuppressive and pro-fibrotic cytokine, TGF-β (26). In this study, escalating doses of RRx-001 were administered once weekly with 12 ccs of autologous blood in combination with nivolumab 3 mg/kg every other week in previously treated patients with advanced cancer and no remaining therapeutic options.

The top dose of RRx-001 chosen was 16 mg since activity has been observed at approximately this dose in the Phase 1 study (27) and higher doses of RRx-001 have been associated with more pseudoprogression (28), a potential concern in combination with nivolumab since checkpoint inhibitors also induce pseudoprogression secondary to the presence of inflammatory infiltrate and necrosis (29).

No biopsies were performed, and no biomarkers were analyzed or assessed before or during this study. In another study (ClinicalTrials.gov Identifier: NCT02489903), an association was observed between tumor associated macrophage (TAM) density and response to RRx-001. However, as no biopsies were performed in PRIMETIME due to investigator and patient reluctance, this correlation could not be confirmed (30).

Commonly used biomarkers to predict response to checkpoint inhibitors include tumoral PD-L1 expression and presence of high tumor mutation burden (TMB), deficient mismatch repair (dMMR)/high microsatellite instability (MSI-H); however, the PD-L1, TMB, and dMMR/MSI-H status of these patients was and is unknown. On-treatment “liquid biopsy”, that is circulating tumor DNA (ctDNA) analysis may provide early evidence of response and progression both to RRx-001 and checkpoint inhibitors, but this was not performed.

One potential biomarker of efficacy, which it is possible to assess, is that of pseudoprogression wherein tumors, having initially enlarged due to immune cell infiltration, subsequently regress or stabilize as these immune cells eliminate cancer cells (31). Pseudoprogression has been widely seen in the context of RRx-001 administration both clinically and preclinically, and usually correlates with benefit (17, 28, 32).





Materials and methods




Study design

This was a phase 1 single-center, open-label, single-arm, dose escalation study. There were four predefined dose levels of RRx-001: 2, 4, 8 and 16 mg while the dose of nivolumab remained fixed at 3 mg/kg given once every other week. A 3 + 3 phase 1 design was used for enrollment. Dose-limiting toxicity was defined as a combination treatment-related ≥ grade 3 toxicity according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) V.4.03 not reversible to grade 2 or less within 96 hours. The protocol predefined maximum dose level to be investigated was 16 mg.





Study population

Patients with solid tumors with progression of their disease following standard of care were included.

Key eligibility criteria verified during the screen procedures were age ≥18 years; ECOG performance status of 0, 1 or 2; normal hematological, liver and renal function tests; and no history of autoimmune disease. Treatment was administrated on an outpatient basis.





Adverse events

Adverse events were graded according to the CTCAE V.4.03. Toxicity was assessed on each day of treatment and weekly in between treatments. A complete blood count with differential and platelets and metabolic panel were repeated weekly during treatment.





Study procedures

Objective tumor responses were assessed every six weeks after initiation of study treatment and tumor response was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST) V.1.1 criteria.





Study objective

The primary objective was to evaluate the safety of escalating doses of RRx-001 in combination with nivolumab. The secondary objective was the best objective tumor response per RECIST at 12 weeks.





Statistical analyses

Overall objective tumor response (ORR) per RECIST criteria was summarized for the intention-to-treat (ITT) analysis set comprising all enrolled patients who received study drug dose (partial or complete, n=12).

ORR response was defined as the percentage of patients experiencing a complete response or a partial response (RECIST). Clinical benefit (disease control) was defined as CR/PR or stable disease (SD). Unevaluable patients were counted as well as non- responders.

Two-sided 95% confidence intervals for categorical variables were derived according to Clopper-Pearson formula.






Results




Patients’ baseline characteristics

Between January 2015 and November 2015, a total of 12 patients were screened and 12 eligible patients started study treatment. The median age was 56 (range 29.5–78.5). 83% of patients had an ECOG score of 1. The primary tumor types included two breast, two esophageal, one adenoid cystic carcinoma, one ovarian, one renal cell, one metastatic sarcoma, one uterine, one cervical and one metastatic osteosarcoma. All patients had previously progressed on standard of care. See Table 1. Only one patient with renal cell carcinoma had been pretreated with immunotherapy, ipilimumab.


Table 1 | Baseline characteristics of patients.







Dose level of RRx-001 and number of patients

Across all four dose levels, treatment was generally well tolerated (Table 2). Higher doses did not lead to a higher incidence of adverse events. Only one patient with nivolumab discontinued study treatment because of an adverse event. Three ≥ 3 adverse events, tumor pain due to pseudoprogression, were deemed related to the combination by the clinical site. Infusion-related pain (33.3%) was the main adverse event attributed to RRx-001.


Table 2 | All treatment emergent adverse events.







Antitumor activity

All patients but one was evaluable for tumor response. Three unconfirmed objective tumor responses were observed at 12 weeks. Five patients achieved stable disease at 12 weeks for a DCR of 67% (95% CI: 34.9, 90.1). See Figure 1 and Table 3. The median progression-free and overall survival for the whole study population were not calculated due to incomplete follow up.




Figure 1 | Bar Chart of ORR. Disease Control Rate [DCR) (SD + PR: 66.7% (95% CI: 34.9, 90.1)].




Table 3 | Overall response rate at 12 weeks.







Correlation of response by dose level analysis

To determine whether the observed effects are related to dose of RRx-001 when combined with PD-1 blockade, a Spearman product-moment correlation analysis between response (converted to a categorized variable where 1 = PR, 0 (= SD or PD or NE) is carried out, and the resulting correlation estimate is approximately 12.6% (p = 0.6973, Spearman product-moment test, an insignificant result). The limitations of the sample size in this pilot study makes the Spearman correlation analysis results a challenge to interpret, and a future study to test the reliability of such analyses is necessary.





Duration of response analysis

Patients were followed beyond 12 weeks, and the follow up gathered information comprises safety and overall survival data. Defining duration of response (DoR) as the time from the first tumor response (CR or PR) to the first subsequent time of progression (or death), Figure 2, below, depicts a survival swimmer plot annotated using tumor response status (CR, PR, SD, PD or NE (= non-evaluable)). Since there were 3 responders (PR, unconfirmed, out of 12 patients) with DoR = 2.2, 6.5 months, and a 19.1 month-censored DoR, a median DoR via the standard Kaplan-Meier analysis is not suitable for a reliable estimate given the sample size limitation of this study.




Figure 2 | Follow-up swimmer plot by exposure months and response status.








Discussion

In this small pilot phase 1 study with mainly non-checkpoint inhibitor responsive tumors, dose escalation of RRx-001 (bromonitrozidine) in combination with fixed dose nivolumab for up to 12 weeks was well-tolerated and no treatment-limiting toxicity was encountered. One patient with pre-existing lung disease developed mild pneumonitis, which led to her discontinuation from the trial. Pneumonitis was not designated as a DLT since pre-existing lung disease is thought to be a risk factor for its development (33) and, in addition, pneumonitis is a known toxicity of nivolumab (34). Likewise, two patients were hospitalized for pseudoprogression (pain due to tumor enlargement), which was deemed to be related to the combination of RRx-001 and nivolumab. However, since pseudoprogression is thought to be a favorable prognostic sign and may, in fact, serve as a biomarker of efficacy, especially since one of these patients, Subject 1, developed durable stable disease (≥ 17 months) and the other one, Subject 2, was stable for >4 months, it was not designated as a DLT.

A maximally tolerated dose was not established within the narrow dose range explored in the phase 1 trial. According to the protocol, it was the intention to dose the combination indefinitely until progression but, unfortunately, this was not possible due to the unavailability of nivolumab.

Three unconfirmed partial responses (PRs) were observed in renal cell, cervical and esophageal cancer. Renal cell is, historically, known to be one of the tumor types where checkpoint inhibitors are effective. Previously this patient received IL-2 but did not respond so it is possible that RRx-001 contributed to the benefit that she experienced. By contrast, responses in cervical and esophageal cancer are atypical; however, the microsatellite status of these tumors is unknown, which would significantly influence the likelihood of response, since microsatellite instable-high, (MSI-H), tumors are known to be exceptionally sensitive to therapy with PD-1 immune checkpoint inhibitors (35). The disease control rate (DCR) was 66.7% (8/12), which also may suggest benefit for the combination although, given the small sample size, it is equally possible that chance alone was responsible. One patient with sarcoma was deemed non-evaluable for response because he voluntarily discontinued treatment and refused any further intervention after unsuccessful drainage of a recurrent seroma.

These observations deserve confirmation in a larger sample set to determine whether the combination of RRx-001 and nivolumab (or another checkpoint inhibitor) can turn cold tumors hot i.e., to generate anti-tumor immune responses in non-immunogenic tumors and for how long.





Conclusion

In patients with pretreated advanced solid tumors, the combination of nivolumab and dose-escalated RRx-001 is safe and well-tolerated. The unconfirmed ORR and DCR are suggestive of benefit and provide a basis for further study of this regimen to determine whether it may sensitize nonimmunogenic tumors or tumors refractory to immunotherapeutic agents.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by The Geneva Foundation. The patients/participants provided their written informed consent to participate in this study.





Author contributions

TR, BO, and NA conceived and wrote the manuscript SC, MQ, JW, and PC reviewed and edited. All authors contributed to the article and approved the submitted version.





Funding

The authors declare that this study received funding from EpicentRx. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.





Conflict of interest

Authors SC, BO, MQ, JW are employed by EpicentRx.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest





References

1. Wang, X, Guo, G, Guan, H, Yu, Y, Lu, J, and Yu, J. Challenges and potential of PD-1/PD-L1 checkpoint blockade immunotherapy for glioblastoma. J Exp Clin Cancer Res (2019) 38(1):87. doi: 10.1186/s13046-019-1085-3

2. Minn, AJ, and Wherry, EJ. Combination cancer therapies with immune checkpoint blockade: Convergence on interferon signaling. Cell (2016) 165:272–5. doi: 10.1016/j.cell.2016.03.031

3. Srinivasan, P, Wu, X, Basu, M, Rossi, C, and Sandler, AD. PD-L1 checkpoint inhibition and anti-CTLA-4 whole tumor cell vaccination counter adaptive immune resistance: A mouse neuroblastoma model that mimics human disease. PloS Med (2018) 15(1):e1002497. doi: 10.1371/journal.pmed.1002497

4. Buchbinder, EI, and Desai, A. CTLA-4 and PD-1 pathways: Similarities, differences, and implications of their inhibition. Am J Clin Oncol (2016) 39(1):98–106. doi: 10.1097/COC.0000000000000239

5. Zhang, B, Wu, Q, Zhou, YL, Guo, X, Ge, J, and Fu, J. Immune-related adverse events from combination immunotherapy in cancer patients: a comprehensive meta-analysis of randomized controlled trials. Int Immunopharmacol (2018) 63:292–8. doi: 10.1016/j.intimp.2018.08.014

6. Hodi, FS, O’Day, SJ, McDermott, DF, Weber, RW, Sosman, JA, Haanen, JB, et al. Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J Med (2010) 363:711–23. doi: 10.1056/NEJMoa1003466

7. Galon, J, Costes, A, Sanchez-Cabo, F, Kirilovsky, A, Mlecnik, B, Lagorce-Pagès, C, et al. Type, density, and location of immune cells within human colorectal tumors predict clinical outcome. Science (2006) 313(5795):1960. doi: 10.1126/science.1129139

8. Erdag, G, Schaefer, JT, Smolkin, ME, Deacon, DH, Shea, SM, Dengel, LT, et al. Immunotype and immunohistologic characteristics of tumor infiltrating immune cells are associated with clinical outcome in metastatic melanoma. Cancer Res (2012) 72(5):1070–80. doi: 10.1158/0008-5472.CAN-11-3218

9. Denkert, C, von Minckwitz, G, Darb-Esfahani, S, Lederer, B, Heppner, BI, Weber, KE, et al. Tumour-infiltrating lymphocytes and prognosis in different subtypes of breast cancer: A pooled analysis of 3771 patients treated with neoadjuvant therapy. Lancet Oncol (2018) 19(1):40–50. doi: 10.1016/S1470-2045(17)30904-X

10. Bellone, M, and Calcinotto, A. Ways to enhance lymphocyte trafficking into tumors and fitness of tumor infiltrating lymphocytes. Front Oncol (2013) 3:231. doi: 10.3389/fonc.2013.00231

11. Peranzoni, E, Lemoine, J, Vimeux, L, Feuillet, V, Barrin, S, Kantari-Mimoun, C, et al. Macrophages impede CD8 T cells from reaching tumor cells and limit the efficacy of anti–PD-1 treatment. Proc Natl Acad Sci (2018) 115(17):E4041–50. doi: 10.1073/pnas.1720948115

12. Biswas, SK, and Mantovani, A. Macrophage plasticity and interaction with lymphocyte subsets: Cancer as a paradigm. Nat Immunol (2010) 11:889–96. doi: 10.1038/ni.1937

13. Liu, X, Kwon, H, Li, Z, and Fu, YX. Is CD47 an innate immune checkpoint for tumor evasion? J Hematol Oncol (2017) 10(1):12. doi: 10.1186/s13045-016-0381-z

14. Weiskopf, K, Jahchan, NS, Schnorr, PJ, Cristea, S, Ring, AM, Maute, RL, et al. CD47-blocking immunotherapies stimulate macrophage-mediated destruction of small-cell lung cancer. J Clin Invest (2016) 126(7):2610–20. doi: 10.1172/JCI81603

15. Caroen, S, Oronsky, B, Reid, T, Pandher, K, and Lopez, A. Superficial venous-associated inflammation from direct IV administration of RRx-001 in rats. Int J Med Sci (2022) 19(11):1628–30. doi: 10.7150/ijms.76615

16. Oronsky, B, Caroen, S, Abrouk, N, and Reid, TR. RRx-001 and the "Right stuff": Protection and treatment in outer space. Life Sci Space Res (Amst) (2022) 35:69–75. doi: 10.1016/j.lssr.2022.05.001

17. Morgensztern, D, Rose, M, Waqar, SN, Morris, J, Ma, PC, Reid, T, et al. RRx-001 followed by platinum plus etoposide in patients with previously treated small-cell lung cancer. Br J Cancer (2019) 121(3):211–7. doi: 10.1038/s41416-019-0504-8

18. Oronsky, B, Scicinski, J, Cabrales, P, and Minchinton, A. RRx-001, an epigenetic-based radio- and chemosensitizer, has vascular normalizing effects on SCCVII and U87 tumors. Clin Epigenetics (2016) 8:53. doi: 10.1186/s13148-016-0220-7

19. Cabrales, P. RRx-001 acts as a dual small molecule checkpoint inhibitor by downregulating CD47 on cancer cells and SIRP-α on Monocytes/Macrophages. Transl Oncol (2019) 12(4):626–32. doi: 10.1016/j.tranon.2018.12.001

20. Oronsky, B, Guo, X, Wang, X, Cabrales, P, Sher, D, Cannizzo,, et al. Discovery of RRx-001, a myc and CD47 downregulating small molecule with tumor targeted cytotoxicity and healthy tissue cytoprotective properties in clinical development. J Med Chem (2021) 64(11):7261–71. doi: 10.1021/acs.jmedchem.1c00599

21. Oronsky, B, Carter, C, Reid, T, Brinkhaus, F, and Knox, SJ. Just eat it: A review of CD47 and SIRP-α antagonism. Semin Oncol (2020) 47(2-3):117–24. doi: 10.1053/j.seminoncol.2020.05.009

22. Kaur, S, Isenberg, JS, and Roberts, DD. CD47 (Cluster of differentiation 47). Atlas Genet Cytogenet Oncol Haematol (2021) 25(2):83–102. doi: 10.1200/JCO.18.02018

23. Sikic, BI, Narayanan, S, Colevas, AD, Padda, SK, Fisher, GA, Supan, D, et al. A first-in-human, first-in-class phase I trial of the anti-CD47 antibody Hu5F9-G4 in patients with advanced cancers. J Clin Oncol (2016) 34(15_suppl):3019. doi: 10.1200/JCO.2016.34.15_suppl.3019

24. Ansell, SM, Chen, RW, Flinn, I, Maris, MB, O'Connor, OA, Wieland, E, et al. A phase 1 study of TTI-621, a novel immune checkpoint inhibitor targeting CD47, in subjects with relapsed or refractory hematologic malignancies. J Clin Oncol (2016) 34(15_suppl):TPS7585–TPS. doi: 10.1200/JCO.2016.34.15_suppl.TPS7585

25. Reid, TR, Oronsky, B, Infante, JR, Burris, HA, Scribner, C, Knox, SJ, et al. A phase 1 trial and pharmacokinetic study of RRx-001, a novel ROS-mediated pan-epigenetic agent. J Clin Oncol (2014) 32:15_suppl:2578–8. doi: 10.1200/jco.2014.32.15_suppl.2578

26. Jha, S, Zeman, K, Brezniak, C, Carter, C, Ferry, L, Scicinski, J, et al. Abstract 966: Phase II clinical trial patient responses to the macrophage activating agent RRx-001 correlate to TGF- β pathway activation and markers for fibrosis. Cancer Res (2017) 77 (13_Supplement):966. doi: 10.1158/1538-7445.AM2017-966

27. Reid, T, Oronsky, B, Scicinski, J, Scribner, CL, Knox, SJ, Ning, S, et al. First-in-human, trial of RRx-001, a novel oxidative epigenetic agent, in patients with advanced cancer. Lancet Oncol (2015) 16(9):1133–42. doi: 10.1016/S1470-2045(15)00089-3

28. Carter, CA, Schmitz, B, Peterson, PG, Quinn, M, Degesys, A, Jenkins,, et al. Immune reactivity and pseudoprogression or tumor flare in a serially biopsied neuroendocrine patient treated with the epigenetic agent RRx-001. Case Rep Oncol (2016) 9(1):164–70. doi: 10.1159/000444633

29. Soria, F, Beleni, AI, D'Andrea, D, Resch, I, Gust, KM, Gontero, P, et al. Pseudoprogression and hyperprogression during immune checkpoint inhibitor therapy for urothelial and kidney cancer. World J Urol (2018) 36(11):1703–9. doi: 10.1007/s00345-018-2264-0

30. Lee, MJ, Tomita, Y, Yuno, A, Lee, S, Abrouk, NE, Oronsky, B, et al. Results from a biomarker study to accompany a phase II trial of RRx-001 with reintroduced platinum-based chemotherapy in relapsed small cell carcinoma. Expert Opin Investig Drugs (2021) 30(2):177–83. doi: 10.1080/13543784.2021.1863947

31. Wolchok, JD, Hoos, A, O’Day, S, Weber, JS, Hamid, O, Lebbe, C, et al. Guidelines for the evaluation of immune therapy activity in solid tumors: Immune-related response criteria. Clin Cancer Res (2009) 15(23):7412–20. doi: 10.1158/1078-0432.CCR-09-1624

32. Abrouk, N, Oronsky, B, Caroen, S, Ning, S, Knox, S, and Peehl, D. A note on improved statistical approaches to account for pseudoprogression. Cancer Chemother Pharmacol (2018) 81(3):621–6. doi: 10.1007/s00280-018-3529-4

33. Koyama, N, Katayanagi, S, and Kawachi, S. Pre-existing interstitial lung disease as a risk factor for pneumonitis associated with ramucirumab and paclitaxel in patients with gastric cancer: The impact of usual interstitial pneumonia. PloS One (2018) 13(6):e0198886. doi: 10.1371/journal.pone.0198886

34. Tay, RY, and Califano, R. Checkpoint inhibitor pneumonitis - real-world incidence and risk. J Thorac Oncol (2018) 13(12):1812–4. doi: 10.1016/j.jtho.2018.10.007

35. Vanderwalde, A, Spetzler, D, Xiao, N, Gatalica, Z, and Marshall, J. Microsatellite instability status determined by next-generation sequencing and compared with PD-L1 and tumor mutational burden in 11,348 patients. Cancer Med (2018) 7(3):746–56. doi: 10.1002/cam4.1372




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Reid, Oronsky, Caroen, Quinn, Williams, Cabrales and Abrouk. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Phase 1 pilot study of RRx-001 + nivolumab in patients with advanced metastatic cancer (PRIMETIME)

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Clinical trial registration

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design

          



          		

            Study population

          



          		

            Adverse events

          



          		

            Study procedures

          



          		

            Study objective

          



          		

            Statistical analyses

          



        



        



        		

          Results

        

          		

            Patients’ baseline characteristics

          



          		

            Dose level of RRx-001 and number of patients

          



          		

            Antitumor activity

          



          		

            Correlation of response by dose level analysis

          



          		

            Duration of response analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Incidence RRx-001
plus Nivolumab

Adverse Event (N=12) Grade Dose
n (%)

Fatigue 66.7 (10/12) 2 2
Gait disturbance 8.3 (1/12) 2 4
Gait disturbance 8.3 (1/12) 3 16

7 Edema 16.7 (2/12) 1 8
Cyst 8.3 (1/12) 1 2
Peripheral edema 8.3 (1/12) 2 2
Back pain 8.3 (1/12) 2 2
Back pain 8.3 (1/12) 3 2
Myalgia 16.7 (2/12) 1 2
Arthralgia 16.7 (2/12) 1 2
Bone pain 8.3 (1/12) 2 2
Flank pain 8.3 (1/12) 2 2
Groin pain 8.3 (1/12) 1 2
Musculoskeletal pain 8.3 (1/12) 1 8
Pain in extremity 8.3 (1/12) 3 16
Pain in jaw 8.3 (1/12) 1 4
Constipation 41.7 (5/12) 1 4
Abdominal pain 16.7 (2/12) 1 4
Diarrhea 16.7 (2/12) 1 4and 8
Anal incontinence 8.3 (1/12) 2 8
Nausea 8.3 (1/12) 1 16
Vomiting 8.3 (1/12) 2 16
Decreased appetite 58.3 (7/12) 1 16
Hyperglycemia 8.3 (1/12) 2 16
Hyperglycemia 16.7 (2/12) 3 16
Cachexia 16.7 (2/12) 2 16
Cough 33.3 (4/12) v 1 2
Dyspnea 8.3 (1/12) 1 2
Dyspnea 16.7 (2/12) 3 4
Hemoptysis 16.7 (2/12) 2 4
Bronchiectasis 8.3 (1/12) 3 4
Pleuritic pain 8.3 (1/12) 2 4
Pneumonitis 8.3 (1/12) 3 4
Pneumothorax 8.3 (1/12) 3 4
Pulmonary embolism 8.3 (1/12) 3 8
Pulmonary 8.3 (1/12) 3 3
hypertension
‘Wheezing 8.3 (1/12) 1 4
Anemia 50 (6/12) 2 2
Bacteremia 8.3 (1/12) 3 4
Pneumonia 7 8.3 (1/12) 3 4
Post procedural 8.3 (1/12) 2 2
infection

| Rhinitis 8.3 (1/12) 1 8
Sepsis 8.3 (1/12) 3 4
Upper respiratory 8.3 (1/12) 1 2
Urinary tract infection 8.3 (1/12) 2 8

All
:::;‘:: related 33.3 (4/12) 2 dose
levels

Seroma 8.3 (1/12) 4 7 2
Tumor pain 8.3 (1/12) 3 2
Tumor hemorrhage 8.3 (1/12) 3 2
Peripheral neuropathy 33.3 (4/12) ' 1 2and 4
Headache 16.7 (2/12) 1 4
Dysgeusia 8.3 (1/12) 1 4
Facial paralysis 8.3 (1/12) 1 4

7 Sciatica 8.3 (1/12) | 2
Alopecia 16.7 (2/12) 1 8 ‘
Ecchymosis 16.7 (2/12) 1 2 ‘
Night sweats 8.3 (1/12) 1 4 ‘
Rash 83 (1/12) 1 4 ‘
Skin hyperpigmentation 8.3 (1/12) 1 8 ‘
Insomnia 8.3 (1/12) 2 2
Anxiety 8.3 (1/12) 2 2
Depression 8.3 (1/12) 2 2
Hyperthyroidism 8.3 (1/12) 1 2
Hypothyroidism 8.3 (1/12) 2 4
Inappropriate 8.3 (1/12)
antidiuretic hormone 3 4
secretion
Decreased weight 16.7 (2/12) 2 2and 4
Vaginal hemorrhage 16.7 (2/12) 2 4
Pelvic pain 8.3 (1/12) 2 ) 4
Vaginal discharge 8.3 (1/12) 2 8
Tinnitus 8.3 (1/12) 1 8
Diplopia 8.3 (1/12) 1 8
Chronic kidney disease 8.3 (1/12) 3 4

Deep vein thrombosis 8.3 (1/12) 2 4
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Sample Response Total Sample

Disease Status G (%) Size

Progressive Disease

D) 3 25.0 12
Partial Response (PR) 3 25.0 12
Stable Disease (SD) 5 41.7 12
Clinical Benefit (PR 3 o 12
or SD)

Unevaluable 1 8.3 12
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Median viation (sd)
12 57.0 56.0 13.2 29.5 78.5 49.0
Sex Status N % Cumulative %
‘ F 8 66.7 66.7
M 4 333 100.0
Total 12 100.0 100.0
|
ECOG Status N % Cumulative %
!
0 1 83 83
1 10 833 917
2 1 8.3 100.0
Total 12 100 100.0
Race Status N % Cumulative %
‘ Black 6 50.0 50.0
‘White 1 83 58.3
Hispanic 5 417 100.0
Total 12 100.0 100.0
‘ Tumor Type Status N % Cumulative %
‘ Adenoid cystic carcinoma it 83 83
Breast 2 16.7 25.0
Cervical 1 83 333
Esophageal 2 16.7 50.0
Metastatic pleiomorphic sarcoma 1 83 58.3
Metastatic osteosarcoma 1 83 66.7
Ovarian 1 83 75.0
Renal cell 1 83 83.3
Uterine 2 16.7 100.0
Total 12 100.0 100.0






