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Background

Breast cancer has the highest mortality rate among all cancers affecting females worldwide. Several new effective therapeutic strategies are being developed to minimize the number of breast cancer-related deaths and improve the quality of life of breast cancer patients. However, resistance to conventional therapies in breast cancer patients remains a challenge which could be due to several reasons, including changes in the tumor microenvironment. Attention is being diverted towards minimizing the resistance, toxicity, and improving the affordability of therapeutics for better breast cancer management. This includes personalized medicine, target-specific drug delivery systems, combinational therapies and artificial intelligence based screening and disease prediction. Nowadays, researchers and clinicians are also exploring the use of combinatorial immunotherapies in breast cancer patients, which have shown encouraging results in terms of improved survival outcomes. This study attempts to analyze the role of combinational immunotherapies in breast cancer patients, and offer insights into their effectiveness in breast cancer management.





Methodology

We conducted a systematic review and meta-analysis for which we selected the randomized clinical trials (RCTs) focused on completed Phase I/II/III/IV clinical trials investigating combination immunotherapies for breast cancer. The analysis aimed to assess the efficacy of combination therapies in comparison to mono-therapies, focusing on overall survival (OS), and progression-free survival (PFS).





Results

We observed that, combination immunotherapies significantly (P<0.05) improved OS as compared to single-drug therapies in the Phase I with overall Risk ratio (RR) of 16.17 (CI 2.23,117.50), Phase II with an overall RR of 19.19 (CI 11.76,31.30) and for phase III overall RR 22.27 (CI 13.60,36.37). In the case of PFS, it was significant with RR: 12.35 (CI 2.14, 71.26) in Phase I RR 6.10 (CI 4.31, 8.64) in phase II, RR 8.95 (CI 6.09, 13.16) in phase III and RR 14.82 (CI 6.49, 33.82) in Phase IV of clinical trials.





Conclusion

The observed improvements in overall survival and progression-free survival suggest that combination immunotherapies could serve as a better approach to breast cancer management.
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1 Introduction

As per Globocan 2022, among all cancers, breast cancer is one of the leading causes of death in females (1–3), due to various confounding factors, such as age, lifestyle, use of oral contraceptives, lack of physical activities, obesity, high Body Mass Index including epigenetic changes resulting into complexities, heterogenicity, and drug resistance have necessitated the use of a wide range of immunotherapeutic drugs, targeted radiation, and chemotherapies (4–7). The advent of the genomics era has significantly revolutionized the generation of cancer therapeutics. A better understanding of cancer genetics and epigenetics is crucial for the development of effective cancer prevention strategies, precision diagnostics, and therapeutic regimens (8). Targeted drug therapies, gene therapy, and cancer vaccines are available as part of cancer treatment. However, over the time, cancer cells develop resistance to these treatments or undergo genetic changes, making them less effective and increasing the risk of mortality. Finding new strategies to overcome these challenges is the need of the hour to improve cancer treatment outcomes (9, 10). To address these challenges, attempts are being made to develop new treatment approaches, such as precision medicine, personalized therapies, and combination therapy, to enhance treatment outcomes (11, 12).

Conventional therapies for treating breast cancer patients exhibit varying response rates depending upon the stages and receptor profiles of breast cancer, as well as genetic changes in cancer cells (13, 14). These reasons highlight the complexity of cancer treatment outcomes and underscore the need for personalized and tailored approaches to improve the chances of successful responses in each patient (8). Ongoing research has led to innovative combination drug therapies, such as combination immunotherapy, where more than one molecule targets different immune response pathways or different pathways to improve the effectiveness of treatment, overcome drug resistance, and reduce the likelihood of relapse. The integration of innovative therapies with existing treatments offers a potential pathway to significantly improve survival rates and reduce the overall burden of breast cancer (15, 16). The results of combination therapies have the potential to improve treatment outcomes and offer a more comprehensive approach to manage complex diseases such as breast cancer (17–20), and may reduce the mortality rate of breast cancer (Figure 1).




Figure 1 | Overview of combination immunotherapy in breast cancer treatment.



Moreover, the breast tumor microenvironment (TME) in breast cancer is a critical determinant of tumor progression, metastasis, and therapy resistance. Its complex interplay of cellular and non-cellular components creates a supportive niche for tumor growth and poses significant challenges to effective treatment. Targeting the TME, in addition to the cancer cells themselves, represents a promising strategy for overcoming resistance and improving therapeutic outcomes in breast cancer (21). Literature also suggests that combination immunotherapy offers a multifaceted approach to overcome therapy resistance in the tumor microenvironment. By targeting various components of the TME—such as immune suppression, stromal interactions, hypoxia, and antigen presentation, combination therapies can enhance the effectiveness of immunotherapy and lead to more durable responses in breast cancer. This strategy not only improves the efficacy of treatment but also addresses the underlying mechanisms of resistance, potentially leading to better clinical outcomes (22).

The emergence of personalized medicine and combination therapies has become a pivotal strategy in modern cancer treatment. Personalized medicine tailors treatment to the individual characteristics of each patient, including genetic, biomarker, and phenotypic information, allowing for more precise and effective interventions. This approach is particularly important in breast cancer, where heterogeneity among patients requires targeted therapies that addresses specific tumor profiles. The integration of personalized medicine with combination therapies enhances treatment efficacy, reduces the likelihood of resistance, and improves patient outcomes by offering a more comprehensive and tailored approach to cancer management (23, 24).

Hence, to know the effectiveness and impact of combination immunotherapy, the current systematic review and meta-analysis was focused extensively on the completed clinical trials of phases I/II/III and IV in breast cancer, where immunotherapies are used in combination. The study revealed significant outcomes in terms of overall survival (OS), and progression-free survival (PFS) in combination immunotherapies. The results of this study hold the potential to improve cancer treatment and provide insights to develop new therapies, which can ultimately improve cancer patient outcomes, especially in breast cancer. This study may also open new avenues of research in combinational immunotherapies in breast cancer with different types of stages and receptor profiles, as well as other cancers that are hard to treat due to several genetic changes and drug resistance.




2 Materials and methodology



2.1 Literature search strategy

A systematic review and meta-analysis study was performed as per the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines for ensuring transparency, rigor, and consistency (Figure 2) (25, 26). The literature search was done through the database “Clinicaltrials.gov.in” and PubMed as per the PRISMA guidelines. The keywords used to identify the completed studies on “Clinicaltrials.gov.in” and PubMed were “Combination therapy”, Combinational Immunotherapy” in “breast cancer”.




Figure 2 | PRISMA flowchart for searching the clinical database and selection process for overall survival and progression-free survival in completed clinical trial phase I/II/III/IV in breast cancer.



The patients, intervention, comparison, outcome, and study design (PICOS) were followed to design the study.

	Patients: The studies included known breast cancer patients (females only).

	Interventions: Those studies were included that have an intervention with a drug combination with an immunotherapy drug.

	Comparators: The included studies were focused on immunotherapy compared with combination therapy (chemotherapy/radiation/inhibitors/hormonal therapy/endocrine therapy/immunotherapy + immunotherapy).

	Outcome Measures: Overall survival (OS) and progression-free survival (PFS).

	Study design: Only randomized controlled trials (RCTs) were included.






2.2 Data retrieval

Screening of the studies was performed by the two authors (SS & JR) on the basis of inclusion and exclusion criteria, and their results were evaluated. A final decision was made and compared with the third author’s (VK) opinion. Only those studies that have statistical analysis for overall survival (OS) and progression-free survival (PFS) in patients treated with single immunotherapy versus a combination of immunotherapy with other molecules (two or more) were selected.



2.2.1 Inclusion criteria

Studies were included to compare the results of “patients treated with one therapy versus a combination of immunotherapies with another molecule” of “randomized control clinical trials Phase I/II/III/IV” and “completed” in breast cancer.

Additionally, only those studies that had (a) statistical median values with 95% CI intervals results of OS and PFS and (b) studies that had a combination of immunotherapies or combination of any therapy with immunotherapy were included.




2.2.2 Exclusion criteria

Studies were excluded on the basis of pre-determined exclusion criteria listed below:

	Any duplicate study.

	Studies other than breast cancer.

	Results posted only for single therapy in breast cancer.

	Terminated clinical trials studies.

	Studies that did not have statistical median values and 95% CI intervals.

	Studies that did not have outcomes in the form of OS and PFS.






2.2.3 Quality assessment

Quality assessment of all the included studies has been done via CONSORT questionnaire for the randomized clinical trial. All included studies hold a quality score ranging from 22 to 25, which indicates that these were of high quality for the purpose of meta-analysis (27) (Supplementary Table 1).

We also assessed the risk of bias for randomized controlled trials (RCTs) using the Cochrane Collaboration’s Risk of Bias (RoB) tool in Review Manager software (version 5.3) (https://community.cochrane.org/help/tools-and-software/revman-5). The evaluation covered seven key domains: random sequence generation (to identify selection bias), allocation concealment (to detect selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other biases (such as funding sources). The results of this assessment are shown in Supplementary Figure 3.





2.3 Statistical analysis

The OS and PFS of patients treated with the combination of immunotherapies (with another molecule or multiple immunotherapy) versus single immunotherapy alone were investigated with the help of statistical median value with 95% confidence intervals. The statistical data of our outcome was observed and determined through overall RR and heterogeneity (I2 statistics) in the form of percentage value. All the statistical analysis has been carried out using RevMan 5.3 software in which p<0.05 was considered significant.





3 Results



3.1 Search criteria and study selection

The initial search focused on retrieving the studies from 2013 to 2024, where 1869 studies were identified, and on the basis of inclusion and exclusion criteria, 143 were found eligible studies. After screening and sorting of studies, 55 were selected for OS and PFS in breast cancer, where phase I-03 (OS-03 and PFS-03) phase II-34,(OS-34 and PFS found in only 28 studies) phase III-14, (OS-13 and PFS found in all 14 studies) and phase IV-02 (PFS-02 and OS was not found) studies were included in the current study (Figure 2 and Table 1). Additionally, studies were excluded if the results did not have OS, PFS, and 95% confidence intervals.


Table 1 | Details of all breast cancer randomized clinical trials for combinational immunotherapies included for the analysis (Source: Clinicaltrials.gov.in and PubMed).






3.2 Analysis of breast cancer in different phase clinical trials



3.2.1 Overall survival

In the current meta-analysis, we have analyzed the overall survival (OS) in selected studies in phase I/II/III/IV RCTs where patients receiving a combination of immunotherapy or immunotherapy with other molecules exhibited a significant difference compared to those receiving one immunotherapy alone.

The meta-analysis revealed a high level of heterogeneity in overall survival with an overall Risk Ratio of 16.17 [(CI 2.23,117.50 (overall significance P< 0.0001)] for clinical trial phase 1, 19.19 [CI 11.76,31.30.00 (overall significance P<0.00001)] for phase II, and 22.27 [CI 13.64,36.37 (with overall significance P<0.00001)] for phase III with 95% CI interval (Figures 3A–C). For phase IV trials, OS data was not found in selected studies. Results of OS suggest that combination immunotherapy is highly significant in comparison to monotherapy or single immunotherapy in improving breast cancer management.




Figure 3 | (A–C) Forest plot for a completed clinical trial comparing the effect of combination immunotherapies on overall survival (A) for phase I, (B) for phase II and (C) for phase III.






3.2.2 Progression-free survival

We also analyzed progression-free survival in all four phases I, II, III, and IV RCTs. We observed Risk Ratio of 12.35 [CI 2.14, 71.26 (overall significance P<0.0001) for phase I, 6.10 (CI 4.31, 8.64 (overall significance P<0.00001)] for phase II, 8.95 [CI 6.09, 13.16 (overall significance P<0.00001)] for phase III and 14.82 [CI 6.49, 33.82 (overall significance P<0.00001)] for phase IV (Figures 4A–D).




Figure 4 | (A–D) Forest plot for a completed clinical trial comparing the effect of combination immunotherapies on progression-free survival (A) for phase II, (B) for phase II, (C) for phase III and (D) for Phase IV.



In addition, funnel plots of overall survival (Supplementary Figures 1A–C) and progression-free survival (Supplementary Figures 2A–D) were also analyzed to check the publication biases of the study. Apart from this, we have also analyzed the risk of bias through the Cochrane risk of Bias (RoB) tool in Review Manager software (version 5.3) and found a low risk of bias for eligible included studies (Supplementary Figure 3). Overall, the findings of the current study suggest that combination immunotherapies significantly enhance both overall survival and progression-free survival outcomes compared to single immunotherapy and better disease outcomes were observed.






4 Discussion

Combinatorial therapies have enabled healthcare professionals to address the limitations of traditional treatments by integrating multiple treatment modalities, such as chemotherapy, targeted therapies, immunotherapies, and radiation, in a coordinated manner for improved outcomes. Prior evidence has shown how hypo-fractioned radiotherapy was utilized in conjunction with immunotherapy to induce cancer cell death (28). Additionally, Bashraheel et al. found that combining targeted therapies like immune checkpoint inhibitors (ICIs), ligand-targeted therapeutics (LTT) or tumor-targeted superantigens (TTS) have more profound effects in treating cancer (8). Further, several other studies have also explored the effect of trastuzumab deruxtecan in solid tumors (29). Pegram et al. (1999) observed that combining trastuzumab with cisplatin led to significantly higher response rates compared to each agent when used individually. Similarly, another study explored the impact of the combination of everolimus and endocrine therapy among postmenopausal women grappling with endocrine-resistant HR+, HER2− breast cancer. This combination showed notable enhancements in progression-free survival (PFS) and objective response rates, in comparison to endocrine therapy alone (30). Moreover, meta-analysis studies have determined the efficacy of PD-1/PD-L1 inhibitors in clinical trials, highlighting their potential as effective immunotherapeutic agents across various cancer types, drug combinations, stages of treatment, and therapeutic schedules (31).

In order to evaluate the impact of combination immunotherapy vs single therapy, we performed a meta-analysis of the interventional studies with statistical data on survival outcomes in completed phase I/II/III/IV clinical trials in breast cancer. We focused on clinical trials that reported statistical interpretation of the trial in terms of Risk Ratio with 95% confidence intervals (CI) and observed that combination immunotherapies offered better overall survival (OS), and progression-free survival (PFS) outcomes to single immunotherapy. The studies were observed to be significant, with high heterogeneity in breast cancer (p<0.005) for OS and PFS. The strength of this study lies in the fact that it included only the completed phase I/II/III/IV clinical trials, providing a comprehensive assessment of the efficacy and specificity of the combination immunotherapies in breast cancer. This meta-analysis has provided us with evidence-based analysis of how combination immunotherapies are effective in overcoming the different challenges faced in cancer treatment, especially in breast cancer.



4.1 Limitations

Despite having 55 eligible studies for data analysis, there were limited number of studies in phase I and IV clinical trial and insufficient data for overall survival in phase IV. Additionally, data on various other survival outcome measures, such as recursion-free survival (RFS), time-to-time progression (TTP), and disease-free survival (DFS) was lacking. Further, randomized controlled trials will be necessary to validate these outcomes.





5 Conclusion and future prospects

Overall, our meta-analysis indicates that combinational immunotherapies involving two or more drugs or combining drugs with immune checkpoint inhibitors significantly increase overall survival (OS) and progression-free survival (PFS) in breast cancer as compared to single (one) immunotherapy. Notably, these findings provide valuable insights into the efficacy of combination immunotherapies, which can guide clinicians in making evidence-based decisions for improved breast cancer management. The future combination immunotherapies hold great potential, with numerous opportunities to enhance treatment efficacy, overcome drug resistance, and improve the quality of life in breast cancer patients particularly in complex and resistant cancer cases.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

SS: Conceptualization, Data curation, Methodology, Writing – original draft, Writing – review & editing. VK: Data curation, Formal analysis, Writing – original draft. JR: Data curation, Formal analysis, Methodology, Writing – review & editing. NM: Supervision, Writing – review & editing. SK: Writing – review & editing. AK: Writing – review & editing. MA: Writing – review & editing. S: Writing – review & editing. PS: Writing – review & editing. EG: Writing – review & editing. PT: Writing – review & editing. SH: Conceptualization, Supervision, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

We would like to acknowledge the support of the Indian Council of Medical Research (ICMR), New Delhi.





Conflict of interest

The 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.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1469441/full#supplementary-material




References

1. Yang, Q, Ciebiera, M, Bariani, MV, Ali, M, Elkafas, H, Boyer, TG, et al. Comprehensive review of uterine fibroids: developmental origin, pathogenesis, and treatment. Endocr Rev. (2022) 43:678–719. doi: 10.1210/endrev/bnab039

2. Moo, TA, Sanford, R, Dang, C, and Morrow, M. Overview of breast cancer therapy. PET Clin. (2018) 13:339–54. doi: 10.1016/j.cpet.2018.02.006

3. Nazir, SU, Kumar, R, Dil, A, Rasool, I, Bondhopadhyay, B, Singh, A, et al. Differential expression of ets-1 in breast cancer among North Indian population. J Cell Biochem. (2019) 120:14552–61. doi: 10.1002/jcb.28716

4. Bates, SE. Epigenetic therapies for cancer. N Engl J Med. (2020) 383:650–63. doi: 10.1056/NEJMra1805035

5. Guedan, S, Ruella, M, and June, CH. Emerging cellular therapies for cancer. Annu Rev Immunol. (2019) 37:145–71. doi: 10.1146/annurev-immunol-042718-041407

6. Halder, J, Pradhan, D, Kar, B, Ghosh, G, and Rath, G. Nanotherapeutics approaches to overcome P-glycoprotein-mediated multi-drug resistance in cancer. Nanomedicine. (2022) 40:102494. doi: 10.1016/j.nano.2021.102494

7. Bondhopadhyay, B, Sisodiya, S, Chikara, A, Khan, A, Tanwar, P, Afroze, D, et al. Cancer immunotherapy: A promising dawn in cancer research. Am J Blood Res. (2020) 10:375–85.

8. Bashraheel, SS, Domling, A, and Goda, SK. Update on targeted cancer therapies, single or in combination, and their fine tuning for precision medicine. BioMed Pharmacother. (2020) 125:110009. doi: 10.1016/j.biopha.2020.110009

9. Igarashi, Y, and Sasada, T. Cancer vaccines: toward the next breakthrough in cancer immunotherapy. J Immunol Res. (2020) 2020:5825401. doi: 10.1155/2020/5825401

10. Sisodiya, S, Kasherwal, V, Khan, A, Roy, B, Goel, A, Kumar, S, et al. Liquid biopsies: emerging role and clinical applications in solid tumours. Transl Oncol. (2023) 35:101716. doi: 10.1016/j.tranon.2023.101716

11. Perez-Herrero, E, and Fernandez-Medarde, A. Advanced targeted therapies in cancer: drug nanocarriers, the future of chemotherapy. Eur J Pharm Biopharm. (2015) 93:52–79. doi: 10.1016/j.ejpb.2015.03.018

12. Arabi, F, Mansouri, V, and Ahmadbeigi, N. Gene therapy clinical trials, where do we go? An overview. BioMed Pharmacother. (2022) 153:113324. doi: 10.1016/j.biopha.2022.113324

13. Rezayatmand, H, Razmkhah, M, and Razeghian-Jahromi, I. Drug resistance in cancer therapy: the pandora's box of cancer stem cells. Stem Cell Res Ther. (2022) 13:181. doi: 10.1186/s13287-022-02856-6

14. Karami Fath, M, Azargoonjahromi, A, Kiani, A, Jalalifar, F, Osati, P, Akbari Oryani, M, et al. The role of epigenetic modifications in drug resistance and treatment of breast cancer. Cell Mol Biol Lett. (2022) 27:52. doi: 10.1186/s11658-022-00344-6

15. Plana, D, Palmer, AC, and Sorger, PK. Independent drug action in combination therapy: implications for precision oncology. Cancer Discovery. (2022) 12:606–24. doi: 10.1158/2159-8290.CD-21-0212

16. Tsvetkova, D, and Ivanova, S. Application of approved cisplatin derivatives in combination therapy against different cancer diseases. Molecules. (2022) 27(8):2466. doi: 10.3390/molecules27082466

17. Fulgenzi, CAM, D'Alessio, A, Airoldi, C, Scotti, L, Demirtas, CO, Gennari, A, et al. Comparative efficacy of novel combination strategies for unresectable hepatocellular carcinoma: A network metanalysis of phase iii trials. Eur J Cancer. (2022) 174:57–67. doi: 10.1016/j.ejca.2022.06.058

18. Latif, F, Bint Abdul Jabbar, H, Malik, H, Sadaf, H, Sarfraz, A, Sarfraz, Z, et al. Atezolizumab and pembrolizumab in triple-negative breast cancer: A meta-analysis. Expert Rev Anticancer Ther. (2022) 22:229–35. doi: 10.1080/14737140.2022.2023011

19. Rosen, VM, Guerra, I, McCormack, M, Nogueira-Rodrigues, A, Sasse, A, Munk, VC, et al. Systematic review and network meta-analysis of bevacizumab plus first-line topotecan-paclitaxel or cisplatin-paclitaxel versus non-bevacizumab-containing therapies in persistent, recurrent, or metastatic cervical cancer. Int J Gynecol Cancer. (2017) 27:1237–46. doi: 10.1097/IGC.0000000000001000

20. Mannucci, E, Bonifazi, A, and Monami, M. Comparison between different types of exercise training in patients with type 2 diabetes mellitus: A systematic review and network metanalysis of randomized controlled trials. Nutr Metab Cardiovasc Dis. (2021) 31:1985–92. doi: 10.1016/j.numecd.2021.02.030

21. Akinsipe, T, Mohamedelhassan, R, Akinpelu, A, Pondugula, SR, Mistriotis, P, Avila, LA, et al. Cellular interactions in tumor microenvironment during breast cancer progression: new frontiers and implications for novel therapeutics. Front Immunol. (2024) 15:1302587. doi: 10.3389/fimmu.2024.1302587

22. Murciano-Goroff, YR, Warner, AB, and Wolchok, JD. The future of cancer immunotherapy: microenvironment-targeting combinations. Cell Res. (2020) 30:507–19. doi: 10.1038/s41422-020-0337-2

23. Al Meslamani, AZ. The future of precision medicine in oncology. Expert Rev Precis Med Drug Dev. (2023) 8:43–7. doi: 10.1080/23808993.2023.2292988

24. Subhan, MA, Parveen, F, Shah, H, Yalamarty, SSK, Ataide, JA, and Torchilin, VP. Recent advances with precision medicine treatment for breast cancer including triple-negative sub-type. Cancers (Basel). (2023) 15(8):2204. doi: 10.3390/cancers15082204

25. Moher, D, Liberati, A, Tetzlaff, J, Altman, DG, and Group P. Preferred reporting items for systematic reviews and meta-analyses: the prisma statement. Int J Surg. (2010) 8:336–41. doi: 10.1016/j.ijsu.2010.02.007

26. Janani, M, Poorkhani, A, Amiriani, T, Donyadideh, G, Ahmadi, F, Jorjanisorkhankalateh, Y, et al. Association of future cancer metastases with fibroblast activation protein-A: A systematic review and meta-analysis. Front Oncol. (2024) 14. doi: 10.3389/fonc.2024.1339050

27. Falci, SG, and Marques, LS. Consort: when and how to use it. Dental Press J Orthod. (2015) 20:13–5. doi: 10.1590/2176-9451.20.3.013-015.ebo

28. Herrera, FG, Irving, M, Kandalaft, LE, and Coukos, G. Rational combinations of immunotherapy with radiotherapy in ovarian cancer. Lancet Oncol. (2019) 20:e417–e33. doi: 10.1016/S1470-2045(19)30401-2

29. Indini, A, Rijavec, E, and Grossi, F. Trastuzumab deruxtecan: changing the destiny of her2 expressing solid tumors. Int J Mol Sci. (2021) 22(9):4774. doi: 10.3390/ijms22094774

30. Brufsky, AM. Managing postmenopausal women with hormone receptor-positive advanced breast cancer who progress on endocrine therapies with inhibitors of the pi3k pathway. Breast J. (2014) 20:347–57. doi: 10.1111/tbj.12278

31. Chen, S, Zhang, Z, Zheng, X, Tao, H, Zhang, S, Ma, J, et al. Response efficacy of pd-1 and pd-L1 inhibitors in clinical trials: A systematic review and meta-analysis. Front Oncol. (2021) 11:562315. doi: 10.3389/fonc.2021.562315




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 © 2024 Sisodiya, Kasherwal, Rani, Mishra, Kumar, Khan, Aftab, Shagufta, Singh, Gupta, Tanwar and Hussain. 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/Images/fimmu-15-1469441-g002.jpg
Records identified from: Records removed before screening:

PubMed (n = 121) Duplicate records removed (n =67)

Clinical Trials database Records marked as ineligible as per

(n =1748) inclusion criteria (n =963)

Total (n=1869) Records removed for other reasons with
incomplete information (n =70)

c
(e)
=
[\)
=
=
=)
=
(]
a2

Records screened Records excluded due to insufficient
(n=759)

Reports sought for _
retrieval __ | Reports not retrieved
n =195 (n =52)

Reports assessed for
eligibility
n =143

Reports excluded:

Reason 1: Studies are not clear for phases
(n=26)

Reason 2: Results are not given for PFS
and OS (n =47)

Reason 3: Results are not in the form of a

statistic value (n =8)
Studies included in review Reason 4: Terminated studies (n=7)
(n =55)
Phase I: (n=3)
Phase II: (n=37)
Phase lll: (n=13)
Phase IV: (n=2)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Impact of combinatorial immunotherapies in breast cancer: a systematic review and meta-analysis

      

        		

          Background

        



        		

          Methodology

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methodology

        

          		

            2.1 Literature search strategy

          



          		

            2.2 Data retrieval

          

            		

              2.2.1 Inclusion criteria

            



            		

              2.2.2 Exclusion criteria

            



            		

              2.2.3 Quality assessment

            



          



          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Search criteria and study selection

          



          		

            3.2 Analysis of breast cancer in different phase clinical trials

          

            		

              3.2.1 Overall survival

            



            		

              3.2.2 Progression-free survival

            



          



          



        



        



        		

          4 Discussion

        

          		

            4.1 Limitations

          



        



        



        		

          5 Conclusion and future prospects

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1469441-g001.jpg
Combination immunotherapies for multiple targets

Chemotherapy + Immunotherapy
Small molecule Inhibitors+ Antibodies
Checkpoint Inhibitors+ Antibodies

PD1

Anti-PD1._ CTLA4

=
™D
—=- Anti-CTLA4

Anti-PDL1 51/

Ligands/tyrosine kinase inhibitor

Antibodies for VGEFR/Inhibitors

O
PDLA1 RTKs Q
/ VGEFR

*GFR- Inhibitors

Benefits of using combination
immunotherapy
Improved Survival Rates

Taxanes \
Enhanced therapeutic outcomes
Drug resistance overcome
Improved efficacy

Targeting tumor microenvironment

Breast cancer cell





OEBPS/Images/fimmu.2024.1469441_cover.jpg
& frontiers | Frontiers in Immunology

Impact of combinatorial immunotherapies in
breast cancer: a systematic review and
meta-analysis





OEBPS/Images/fimmu-15-1469441-g003.jpg
Risk Ratio
IV, Random, 95% CI
28943 01739 366%  18.07(1285 25.41)

§.5872 1.0367 26.6% 266.99(35.00, 2036.72)
06419 01206 36.8% 1.90(1.50,2.41)

NCT00426556
NCT01975831
NCT03256344

Total (95% CI) 100.0% 1617 [2.23,117.50]

Heterogeneity. Tau*= 2.77, Chi*= 129,65, df= 2 (P < 0.00001), P = 98%
Testfor overall effect Z= 2.75 (P = 0.006)

Risk Ratio

IV, Random, 95% Cl
NCT00391092 3.6507 0.0928 7.8% 38.50(32.10,46.18)
NCT00545077 39532 01916 7.5% 52.10(35.79, 75.85)
NCT00553358 22721 0.0053 7.8% 9.70(9.60,9.80)
NCT00662129 31946 01496 7.6% 24.40(18.20,32.71)
NCT00876395 39114 01029 7.7% 49.97(40.84,61.13)
NCT01026142 36163 00611 7.8% 37.20(33.00,41.93)
NCT01120184 3983 00532 7.8% 53.68(48.36,59.58)
NCT01160211 -05108 0275 7.2% 0.60(0.35,1.03)
NCT01250379 29806 0.0575 7.8% 19.70(17.60,22.05)
NCT01491737 4097 01237 7.7% 60.16[47.21,76.67)
NCT01663727 3.3604 01192 7.7% 28.80(22.80, 36.38)
NCT02819518 28449 00597 7.8% 17.20(15.30,19.33)
NCT04177108 27537 01163 7.7% 15.70(12.50,19.72)

Risk Ratio
IV, Random, 95% CI

01
Experimental Control

Risk Ratio
IV, Random, 95% CI

NCT02536339
NCT00811135
NCT02657343
NCT02554812
NCT03167619
NCT00193063
NCT01305941
NCT02260531
NCT01234402
NCT02536794
NCT00654836
NCT00331552
NCT03321981
NCT02981303
NCT04191135
NCT00004888
NCT00662129
NCT03025880
NCT01201265
NCT01912963
NCT01427933
NCT01491737
NCT00846027
NCT02513472
NCT00444587
NCT02648477
NCT00733408
NCT02322814

3.3021
3.4595
2.0669
23888
29083
3.0445

0.01
26247
4.2106
24248
3.0445

-0.7133

3.2737
2.7948
32229
3.4595
31946
21633
6.1633
2.0015
26027

4097
33102
2.7408
6.5751
27473
28959
27453

1.786
0.6915
0.4302
04292

0.41
0.3072
0.2919
0.2656
0.2499
0.2328
0.2262
0.2174
0.2097
0.1979
0.1612

015
0.1496
0.1487
0.1443
0.1332
0.1331
01237
0.1151
0.1098
0.1003
0.0814
0.0758
0.0448

1.3%
29%
3.4%
3.4%
3.4%
3.6%
3.6%
3.6%
37%
37%
37%
37%
3.7%
3.7%
37%
37%
37%
37%
37%
38%
38%
3.8%
3.8%
38%
38%
3.8%
3.8%
38%

Risk Ratio
IV, Random, 95% CI
27.171(0.82,900.18]
31.80(8.20,123.32)
7.90(3.40,18.36]
10.90 [4.70, 25.28]
18.27(8.18,40.81)
21.00(11.50, 38.34)
1.01(0.57,1.79]
13.80(8.20, 23.23]
67.40(41.30,109.99)
11.30(7.16,17.83]
21.00(13.48,32.72)
0.49(0.32,0.75]
26.41(17.51,39.83)
16.36(11.10,24.11)
25.10(18.30, 34.43)
31.80(23.70,42.67)
24.40(18.20,32.71)
8.70(6.50,11.64)

474.99(357.98, 630.29)

7.40(5.70,9.61)
13.50(10.40,17.52)
60.16 (47.21,76.67)
27.39(21.86, 34.32)
15.50(12.50,19.22)

717.02(589.05,872.78)

15.60(13.30,18.30]
18.10(15.60, 21.00]
15.57[14.26,17.00]

Risk Ratio
IV, Random, 95% CI

Total (95% Cl) 100.0%  19.19[11.76, 31.30]

Heterogeneity: Tau*= 1,64, Chi*= 2409.60, df= 27 (P < 0.00001); F= 99%
Testfor overall effect Z=11.83 (P < 0.00001)

Total (95% Cl) 100.0% 22.27 [13.64, 36.37)

Heterogeneity. Tau*= 0.80; Chi*= 2671.70, df= 12 (P < 0.00001); F= 100%
Test for overall effect: Z=12.40 (P < 0.00001)

01 1
experimental control

0.01 0.1 1 10 100
Favours [experimental] Favours [control]






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1469441-g004.jpg
Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% CI
NCT00426556 1.7084 00515 37.2% 5.52(4.99,6.11)
NCT01975831 4.0254 0.3722 35.0% 56.00(27.00,116.15)
NCT03256344 1.6864 08604 27.7% 5.40[1.00, 29.16)

Total (95% CI) 100.0% 12.35[2.14,71.26]
Heterogeneity: Tau®= 2.14; Chi*= 38.03, df= 2 (P < 0.00001); F=95%
Test for overall effect: Z= 2.81 (P = 0.005)

Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI
NCT00333775 2.0794 00538 7.3% 8.00[7.20, 8.89]
NCT00391092 26174 00938 7.2% 13.70[11.40,16.47)
NCT00545077 26672 01192 71% 14.40([11.40,18.19)
NCT00662129 -0.2357 01019  7.2% 0.79 [0.65, 0.96]
NCT00876395 27047 0.0138 7.3% 14.95[14.55,15.36)
NCT01026142 21972 00601 73%  9.00(8.00,1012)
NCT01120184 26462 01313  7.1% 14.10([10.90,18.24)
NCT01160211 23979 01437 7.0% 11.00[8.30,14.58)
NCT01250379 1.4351 00378 7.3% 4.20[3.90, 4.52]
NCT01491737 3.0267 01838 6.9% 20.63[14.39,29.58)
NCT01663727 23979 00748 7.2% 11.00[9.50,12.74)
NCT02019277 2.8344 01583 7.0% 17.02[12.48, 23.21)
NCT02819518 20149 0083 7.2% 7.50(6.30, 8.93)
NCT04177108 1.9601 01688 6.9% 7.101[5.10,9.88)

Total (95% Cl) 100.0%  8.95[6.09,13.16]
Heterogeneity: Tau®= 0.53; Chi*=1875.06, df=13 (P < 0.00001), F=99%

Test for overall effect: Z=11.15 (P < 0.00001) o0

Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI

NCT01301729 22925 02322 522%  9.90([6.28,15.61]
NCT02445586 31355 02911 47.8% 23.00([13.00, 40.69]

Total (95% CI) 100.0% 14.82[6.49, 33.82]

Risk Ratio
IV, Random, 95% ClI

0.1 1
Experimental Control

Risk Ratio
IV, Random, 95% ClI

1

Favours [experimental] Favours [control]

Risk Ratio
IV, Random, 95% CI

Study or Subgroup

NCT02536339
NCT00811135
NCT00331552
NCT02657343
NCT01605396
NCT03147287
NCT01306942
NCT00670982
NCT00193063
NCT00004888
NCTO01234402
NCT02513472
NCT02981303
NCT02924883
NCT00654836
NCTO01201265
NCT02536794
NCT03167619
NCT03025880
NCT01670877
NCT02260531
NCT01491737
NCTO01427933
NCT02971761
NCT03321981
NCT00699491
NCT04191135
NCT00846027
NCT00733408
NCT03121352
NCT00662129
NCT03051659
NCT01565083
NCT02648477

Total (95% Cl)

log[Risk Ratio]

2.7887
26532

-1.8326

23418

3.148
2.0919
31739
2.0541
1.3863
2.3609
3.0956

1411
0.8544
1.9169
27726
55413

1.581

-2.2073

11314
31781

1411
3.0267
1.4816
0.9555

1.7
0.6931
1.7047
24432
2.2083
1.7579

-0.2332

1411
24423
1.6487

SE Weight

32119
0.8284
0.8055
0.6881
0.5018
0.4738
0.4295
0.4089
0.3798
0.3256
0.3073
0.2949
0.2828
0.2707
0.2501
0.2475
0.2311
0.2306
0.2236
0.2165
0.1946
0.1838
01787

0.16
0.1569
0.1468
01376
0.1249
0.1195
0.1073
0.1032
0.0807
0.0562
0.0516

0.3%
1.9%
2.0%
2.2%
2.6%
2.7%
2.8%
2.8%
2.9%
3.0%
3.0%
3.0%
3%
31%
31%
3%
31%
3.2%
3.2%
3.2%
3.2%
3.2%
3.2%
3.2%
3.2%
3.3%
3.3%
3.3%
3.3%
3.3%
3.3%
3.3%
3.3%
3.3%

100.0%

Risk Ratio
IV, Random, 95% ClI
16.26 [0.03, 8812.34)
14.20[2.80, 72.01)
0.16(0.03,0.79)
10.40[2.70, 40.06)
23.29(8.71,62.27)
8.10(3.20, 20.50)
23.90 [10.30, 55.46)
7.80(3.50,17.38)
4.00[1.90,8.42)
10.60 [5.60, 20.07)
2210(12.10, 40.36)
4.10(2.30,7.31]
2.35[1.35, 4.09]
6.80 [4.00, 11.56)
16.00[9.80, 26.12)

255.01 [156.99, 414.22)

4,86 (3.09, 7.64]
0.11[0.07,0.17]
3.10(2.00, 4.80]

24.00 [15.70, 36.59]
4.10[2.80, 6.00]

2063 [14.39, 29.59]
4.40(3.10,6.25]
2,60 [1.90, 3.56]
559 [4.11, 7.60]
2.00[1.50, 2.67]
550 [4.20, 7.20]

11.51 (9.01,14.70]
9.10[7.20,11.50]
5.80 [4.70, 7.16]
0.79 [0.65, 0.97]
4.10[3.50, 4.80]

11.50 [10.30, 12.84]
5.20 [4.70,5.75]

6.10 [4.31,8.64]

Risk Ratio
IV, Random, 95% CI

Heterogeneity: Tau®= 0.94; Chi*=1392.76, df= 33 (P < 0.00001); F= 98%
Test for overall effect: Z=10.21 (P < 0.00001)

Heterogeneity: Tau*= 0.29; Chi*=5.13, df=1 (P = 0.02); F= 80%
Test for overall effect: Z= 6.40 (P < 0.00001)

0.01 0.1 1 10
Experimental Control

0.005 0.1 1
experimental control






OEBPS/Images/table1.jpg
Type of

Sample Drus Median; 95% Median; 95%
S.No. StudyID Year >2TP breast e . !
size combination Cl interval Cl interval
cancer
Clinical trial phase | in breast cancer PFS os
Non-triple - Number of Subjects with treatment-emergent Adverse Events (TEAEs) [Time Frame: Up
1 NCTO1975631 2022 104 negative Tt 56027 to 223) 267 (35 1o 589) t0 36 months]  Progression-free Survival [Time Frame: Up to 5 years]
Breast Cancer : Overall Survival [Time Frame: Up to 5 years]
Everolimus + PES will be censored at the date of last adequate tumor assessment., every 8 - 9 weeks
3 sicronisisss | i & Metastatic i S 18.07 (12.85 until disease progresion or a new lesion is identfed] OS was to be reported at extension
Breast Cancer to24.11) and afier 3-year follow-up. The Kaplan-Meier median was used to analyze the OS, every
+ Pacltaxel v
3 months until death
NCT03256344 Metastatic Triple Talimogene Progression-free Survival (PES) [Time Frame: Every 12 weeks (= 28 days) up to
3 (PMID: 2024 36 Negative Laherparepvec 54 (1010 NA) 192 (1510NA)  approximately 3.5 years]  Overall Survival (OS) [Time Frame: Every 12 weeks (+ 28
36863095) Breast Cancer + Atezolizumab, days) up to approximately 3.5 years|

Clinical trial phase Il in breast cancer

Obijective Response Rate (ORR) [Time Frame: From date of first dose of study drug

Eriby Mesylate
1 NCT02513472 2022 258 Neoplasm & TR 41230 44) 155(12510187)  administration to date of first documentation of discase progression or death, whichever
+ Pembrolizumab
occurred first (up to 3 years 11 months)]
Overall Survival (Olaparib in Combination With Durvalumab) [Time Frame: From date
2 NCTosI67619 2022 15 Triple Negaive i+ Durvalumab | 0.1 (007100.19) | 1827 (818 to NA) ot pndosslaion ! desth of st putient contaet spposimately 2 yean)

Breast Cancer To determine the efficacy of maintenance olaparib in combination with durvalumab

following platinum based chemotherapy as assessed by overall survival (OS).

Estrogen
Receptor-negative
Breast Cancer|
HER2-negative
Breast Car Paclitaxel albumin-
e Canch| “. e nmu? Overall Survival [Time Frame: Time from date of registration to date of death due to any
Progesterone stabilized nanoparticle T s ascsscl v 808 yearsl
3 NCT00733408 2018 59 Receptor-negative formulation + 9172 t0 11.1) - " P fo yea
(1561021.7) Kaplan-Meier survival curves will be used.
Breast Cancer| Bevacizumab +

Recurrent Breast | Erotinb hydrochloride Percentage of Participants With Response [Time Frame: Up to 8 years]

Cancer|Stage IV
Breast Cancer|

Triple-negative
Breast Cancer

RIGGth s T-DML Maximum Tolerated Dose (Mtd) And/Or Recommended Phase2 Dose (RP2D) [Time.

4 NCT02657343 2022 25 };i':‘}’c"::c': T‘:‘]:z‘:‘:za;‘ 104(27 t0 19.3) 79 (34 to NA) Frame: 2 years]
g Clinical Benefit Rate (CBR) By RECIST [Time Frame: 2]
Fulvestrant

Serum pertuzumab concentrations [Time Frame: Pre-dose and post-dose during Weeks 1,
Pertuzumab 16.26(003 2717 (082 4,10,and 16]

+ Trastuzumab 10 55.20) t0/57.49) Serum trastuzumab concentrations [Time Frame: Pre-dose and post-dose during Weeks 1,
4,10,and 16]

HER2-Positive
5 NCT02536339 2021 40 Metastatic
Breast Cancer

Trastuzumab Emt
Metasatic 1';;::;'.'?“1_{‘::‘::::; 5 010 111 Progression Free Survival (PFS) as Determined by Investigator's Tumor Assessment Using

6 NCT02924883 2021 202 NA Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 [Time Frame: From Baseline

Breast Cancer Emtansine 8.2(581010.7) o die
e until disease progression or death (up to approximately 28 months)]

Estrogen Receptor
Negative[Estrogen

Receptor Positive] Toxicity of MEDM736 in combination with Tremelimumab [Time Frame: Up to 6

‘months after last treatment]

HER2/N MEDI4736
7 NCT02536794 2022 30 N (iv:‘" e 486(309t07.89) | 113(7.1610366)  Toxicity will be evaluated by the number, frequency, and severity of adverse events as
- defined by the NCI Common Terminology Criteria for Adverse Events or CTCAE
Recurrent Breast 03

CarcinomalStage
IV Breast Cancer

Estrogen Receptor
Negative[Estrogen

Receptor Positive] Cohort 1
HER2/Neu (Pembrolizumab,
Negative]| Doxorubicin
Progesterone  Hydrochloride) Triple . .
. NCTogsisars | 202 w Receptor Negative Breast 32 “‘:;’ NA): | 156 “3]‘73 2"’ NA): Clinical Benefit Rate [Time Frame: Up to 6 months] Overall Survival (OS) [Time
Negative| Cancer Cohort 4 Frame: Up to 3 years]  Progression-free Survival (PFS) [Time Frame: Up to 3 years]
(161026) (9.4 to NA)
Progesterone 2 (Pembrolizumab,
Receptor Positive] | Anti-estrogen Therapy)
Stage IV Breast HR + HER2-
Cancer|Triple- Breast Cancer
Negative
Breast Carcinoma
P ——r % Neoplms | Nerainib  Fulvesiant 20 6 0 XA) 24 his phas I study wil test cance o se it has 3 HER2 mutation and, i o, s how
+ Trastuzumab (15710 31) 'HER? mutated cancer responds to treatment with neratinib.
Zenocutuzumab
10 NCTO321981 2024 105 Cm:':;::amm :T\f:::::::h f:z ﬁ‘;; :: ;:3 = :‘&7"5' A total of up to 40 patients evaluable for efficacy are included in the Cohort 2.
+ Endocrine therapy
Ridaforolimus j— ‘The primary hypothesis of the study is that the triplet of ridaforolimus, dalotuzumab and
11 NCTOle0s39% 2019 50 Neoplasms + Dalotuzumab s exemestane will improve progression free survival (PFS) compared to ridaforolimus
+ Exemestane and exemestane.
I —— 5 Hﬁf‘;::z“ fs:&’l‘:::“i RS The purpose ofthis resarch sudy i o determine the effecs of the combinaton of
bevacizumab, vinorelbine, and trastuzumab on participants and their cancer.
Breast Cancer + Exemestane
“This multicenter study will asess the efficacy and safety of bevacizumab in combination
IENGRGE || By VRIS | mieast s o Pt v s ot s ot B
13 NCT01201265 2016 40 Metastatic Carboplatin 255 (157 to 465) . N o
Wiy vt el 107590) intravenously (iv) every 3 weeks, plus gemcitabine (1000 mg/m iv) and carboplatin (v to
an area under curve [AUC]=2) on Days 1 and § of each 3-week cycle. Anticipated time
on study treatment is until discase progression.
Pegylated liposomal Phase I tral to study the effectiveness of combination chemotherapy with or without
Recurrent Breast doxorubicin trastuzumabs in treating women who have metastaic breast cancer. Drugs use
14 NCTO004sss 2014 81 CancerlStage IV hydrochloride 106(5610157) | 318(23710449)  chemotherapy use different ways to stop tumor clls from dividing so they stop growing
Breast Cancer | + Docetaxel or die. Monoclonal antibodies such as trastuzumab can locate tumor cells and cither kill
+ Trastuzumab them or deliver tumor-killing substances to them without harming normal cells.
Recurrent or Bevacizumab
15 NCTO06s4836 2017 2 Metastatic + Carboplatin 16 (980102220) | 21(13.48 t0 28.52)
Breast Cancer + ABL007
“This phase V11 trial is studying the side cffects and best dose of cixutumumab when given
Cixutumumab together with temsirolimus and to sec how well they work in treating patients with breast
[Recurrent Breast -+ Laboratory Biomarker cancer that has recurred (come back) at or near the same place as the original (primary)
CarcinomalStage Analysis tumor or has spread to other places in the body. Monoclonal antibodies, such as
16 | NCToussdon | 2018 “ IV Breast Cancer + Pharmacological 20(151030) cixutumumab, can block tumor growth in different ways by targeting certain cells.
AJCC v6 and v7 Study Temsirolimus may stop the growth of tumor cells by blocking some of the enzymes
+ Temsirolimus needed for cell growth. Giving cixutumumab together with temsirolimus may be a better
treatment for breast cancer.
it Ramucirumab (IMC- PURPOSE: This phase I trial is studying how well giving carboplatin and paclitaxel
17 NCTO27933 2014 11 1121B) 44(11067) | 135(10410179)  together with bevacizumab works in treating patients with locally recurrent or metastatic
Breast Cancer
+: Eribulin breast cancer.
An openlabel, multicenter, randomized, Phase 2 trial in which participant with
— Ramucirumab DP 2120 g unescctable locall advanced or metasttc breastcancer who have been previously
18 NCToz3ad02 2019 153 + IMC-18F1 361) 73 (63 treated with anthracycline and taxane therapy receive ramucirumab DP o Ierucumab
Breast Cancer o 621 (410 t0 84.0) ; .

+ Capecitabine 10 13.0) (IMC-18F1) administered on an every-21-day cycle (in combination with oral
capecitabine therapy; capecitabine is administered twice a day on Days 1-14 of each
cycle). Approximately 150 participants will be randomized in a 1:1: raio to cither

famucirumab DP or lerucumab (IMC-18F1) in combination vith capecitabine (Arm A
and Arm B, respectively) or capecitabine monotherapy (Arm ). Randomization will be
stratified by triple-negative receptor status (estrogen receptor-negative, progesterone
receptor-negative, and human epidermal growth factor receptor-2 [HER2/neu]-negative)
(yes/no) and receipt of prior antiangiogenic therapy.
Bevacizumab Drugs used in chemotherapy, such as gemcitabine and paclitaxel albumin-stabilized
+ Gemeitabine nanoparticle formulation, work in diferent ways to stop the growth of tumor cell,cither
o hydrochloride S by kiling the cels or by stopping them from dividing. Monoclonal antibodies, such as
19 NCToos62129 2017 50 + Paclitaxel 204 (18210293)  bevacizumab, can block tumor growth in different ways. Some block the abilty of tumor
Breast Cancer b 100882) ¢
albuminstabilized els to grow and spread. Others find tumor cells and help kill them or carry tumor-
nanopartile Killing substances to them. Giving combination chemotherapy together with bevacizumab
formulation may kil more tumor cells
“This single-arm study assessed the efficacy and safety of first-line treatment with Avastin
e (bevacizumab) in combination with taxane-based chemotherapy (pacltaxel and
i | s | e % HER-2 negative e 1151 (901 27392186 gemcitabine) in patients with HER-2 negative breast cancer. Patients received Avastin 10
breast cancer. 1017.59) toNA) mg/kg iv, pacltaxel 150 mg/m2 v, and gemcitabine 200 mg/mA2 iv on Day 1 and Day
+ Gemcitabine
15 of each 4-week treatment cycle until discase progression, death, or withdrawal
of consent.
HER? positive Dasatinib PURPOSE: This phase I trial is studying how well giving paclitaxel albumin-stabilized
2 NCTO0s9R2 2019 37 Metastatic + Trastuzumab 239 (103 to NA) nanoparticle formulation and gemcitabine together with bevacizumab works in treating
Breast Cancer + Pacltaxel patients with metastatic breast cancer.
“This 2 arm study will compare the efficacy and safety of continuation or discontinuation
T— of Herceptin treatment in combination with 2nd line chemotherapy, in patients with
HER? positive HER2 positive metastatic breast cancer whose condition has progressed on st line
22 NCT00444587 2016 114 Metastatic Shiemotherspy 717 (589 to 1057) chemotherapy plus Herceptin. Patients will be randomized either to continue or
Breast Cancer Tmmmm‘;mmmm discontinue Herceptin reatment (6m/kg v infusion every 3 weeks) while receving
second-line chemotherapy of the investigators choice. The anticipated time on study
treatment is until disease progression, and the target sample size is 100-500 individuals.
“This single arm study vill assess the efficacy and safety of Avastin in combination with
) Herceptin and Xeloda as first-line treatment of patients with HER2-positive locally
Bevacizumabl Avastin] < i 3
+ Capseatiteta fecurrent or metastatic breast cancer. Patients will receive 3-weekly treatment cycles of
IO P— - HER2-Positive i 2010510145 | 31 (63 102 | HerePtin (Bmyks iv on day 1 of it cycle,followed by 6mglkg v maintenance dose on

Breast Cancer ; day 1 of subsequent cycles), Xeloda (1000mg/m2 bid po on days 1-14 of cach treatment
Trastuzamab ;
Placesiey eycle) and Avastin (15mg/kg on day 2 of first treatment cycleand on day 1 of each
? subsequent cycle).The anticipated time on study treatment is until discase progression,
and the target sample size is <100 individuals,

Bhoamaliis “This research study is evaluating the effectiveness of the drug called cabozantinib (alone
24 NCT02260531 2021 36 Metastatic 5 4.1(281062) 138 (8.2 to NA) or in combination with trastuzumab) as a possible treatment for advanced breast cancer
+ Trastuzumab =
in which the cancer has spread to the brain.

Due to its remarkable activity as salvage treatment in women with metastatic breast
HER? positive — cancer as well as the additive activity observed for gemcitabine administered in

25 NCTO00193063 2014 41 Metastatic ¥ GeniEtabie 4(19t05.3) 21 (115 to 30.5) combination with trastuzumab, the clinical activity of the combination of gemcitabine
Breast Cancer administered with trastuzumab represents an exciting and ideal combination to further

evaluate in Her 2 over-expressing metastatic breast cancer patients

“This three-cohort, multi-stage, randomized, Phase Il, multicenter trial will evaluate the
safety and tolerability and estimate the cfficacy of cobimetinib plus paclitaxel versus
placebo plus paclitaxel in Cohort I, of cobimetinib plus atezolizumab plus paclitaxel in
Cohort I, and of cobimetinib plus atezolizumab plus nab-paclitaxel in Cohort Ill in

Cobimetinib
ovime participants with metastatic or locally advanced, triple-negative adenocarcinoma of the

Metastatic Triple + Paclitaxel
1557 (14 reast who have ot receiy i ¢ metastatic breast cancer (MBC).
% | Nowzza4 | w9 | 169 Negatve  Plcebo s+ | " Tantdpes ey comin o sy enmct el e dovopnnt ofprogre
Breast Cancer + Atezolizumab B 2k A e P

P o disease (PD) or the loss of clinical benefit, unacceptable toxicity, and/or consent

withdrawal. The Cohort I target sample size is 12 participants for the safety run-in stage
and approximately 90 participants in the expansion stage. Each of Cohorts Il and Il will
consist of a safety run-in stage of approximately 15 participants followed by an expansion

stage of approximately 15 participants

‘This randomized, open-label, two-arm, multi-center, Phase II study will evaluate the

HER?-Positive efficacy and safety of pertuzumab in combination with trastuzamab plus an aromatase
Pertuzumab o - .
and Hormone Ik inhibitor (AI)in first-line participants with HER2-positive and hormone receptor-positive
Receptor-Positive | S — —— advanced breast cancer. Participants will be randomized to one of two treatment arms;
27 NCTOM91737 2020 258 Advanced - ot i Arm A (pertuzumab in combination with trastuzumab plus an A1) or Arm B
(Metastatic or ! (trastuzumab plus an AI). Participants may also receive induction chemotherapy (a
Induction >
Locally Advanced) taxane, either docetaxel or paclitaxel) at the investigator's discretion in combination with
Chemotherapy
Breast Cancer the assigned treatment arm. The anticipated time on study treatment is until discase

progres ever occurs first.

., unacceptable toxicity, withdrawal of consent, or death wl

‘This is a multicenter phase II trial, with an initial exploratory run-in-phase, to evaluate
the efficacy and safety of pembrolizumab in combination with gemcitabine in patients

with HER2-negative ABC that have previously received anthracyclines and taxanes (unless

HER2- Pembrolizumab dlinically contraindicated). In hormone receptor positive patients, previous treatment with

28 NCT03025880 2023 26 3.1(2t04.3] 8.7 (6.5 to 11.7)
negative ABC + Gemcitabine @43 (6510117} |5 o more lines of hormone therapy will also be required. Patients must have at least one

measurable lesion that can be accurately assessed at baseline and is suitable for repeated
assessment by CT, MRI or plan X-ray. Approimately 53 patients (up to a maximum of
65 patients depending on the results of the run-in-phase) will be included in this trial

“This two-cohort, open-label, multicenter, phase 2 study will assess the safety and efficacy
of pertuzumab given in combination with trastuzumab (Herceptin) and vinorelbine in

Pertuzumab first line participants with metastatic or locally advanced HER2-postive breast cancer.

HER? positive 143 (11210 17.5)

29 | NCTOIS65083 2016 213 + Trastuzumab Participants will eceive pertuzumab and trastuzumab administered sequentially as
Breast Cancer ! 115 (103 to0 158) ’ . : ; .
+ Vinorelbine Separate intravenous (IV) infusions (followed by vinorelbine) and conventional sequential
administration of pertuzumab and trastuzamab in separate infusion bags, followed
by vinorelbine.
“The purpose of this study i to see how cffective the combination of the two
— — chemotherapy drugs (carboplatin and nab-pacitaxel) are when added to a third drug,
oo | st | s 4 e S it T pembrolizumab. Pembrolizumab is an investigational (experimental) drug that works by
i ik o reinvigorating the immune system, allowing it o target and destroy cancer cells.
Pembrolizumab s experimental because it is not approved by the Food and Drug
Administration (FDA) for this type of breast cancer treatment.
Drugs used in chemotherapy, such as doxorubicin hydrochloride liposome and
HER2-positive Pegylatediiposomal cyclophosphamide, work in different ways to stop the growth of tumor cell, cither by
Breast Cancerr| doxorubicin — Kkilling the cels or by stopping them from dividing, Monoclonal antibodics, such as
31 NCToossiss2 2017 30 Recurrent Breast hydrochloride e 049 (03210076)  trastuzumab, can block tumor growth in diferent ways. Some block the ability of tumor
CancerlStage IV + Cyclophosphamide : ells to grow and spread. Others find tumor calls and help kill them or carry tumor-
Breast Cancer + Trastuzumab Killing substances to them. Giving more than one drug (combination chemotherapy)
together with trastuzumab may be a better way to block tumor growth
Purpose: This study is a single-arm, open-label phase I1 clnical rial testing the hypothesis
that daily everolimus plus weekly vinorelbine and trastuzumab will be efectiv, safe, and
' tolerable among patients with human epidermal growth factor receptor 2 (HER2)-positive
er HER-2 Positive P;'""’";L““ breast cancer brain metastases. Once enrolled, patients will receive everolimus PO daily in
2 ICTUI0e94L || 208 2 Breast Cancer L 10L(5710178) | bination with weekly intravenous (IV) vinorelbine and trastuzumab, Cycles vl be
repeated every 3 weeks (21 days). At the time of progression, patients will come off study.
Participants: Up to 35 adults over 21 with HER-2 positive breast cancer that has
metastasized to the brain.
Androgen .
e O phase 11 ral studies the side efects and how wel pembrolizumab and encbosarm
Estrogen Receptor work in treating patients with androgen receptor positive triple negative breast cancer that
S —— has spread to other places in the body (metastatic). Immunotherapy with monoclonal
Next ot || oESboesery s antibodies, such as pembrolizumab, may help the body’s immune system attack the
33| NCTO971761 2024 18 AR e, st 26(191031) | 255(10410309) | cancer, and may interfere with the abilty of tumor cell to grow and spread. Androgen
can cause the growth of breast cancer cells. Hormone therapy using enobosarm may fight
Negative Breast + Pembrolizumab -
i breast cancer by blocking the use of androgen by the tumor cells. Giving pembrolizumab
Progesterone and enobosarm may work better than pembrolizumab alone in treating patients with
s androgen receptor positive triple negative breast cancer.
NegativefStage IV
Breast Cancer
AJCC V6 and v7
“This research study is studying three combinations of drugs as treatments for breast
Metastatic Fulvestrant + £RacE
34| NCTO3U787 | 204 20 8103210 107) ‘The drugs involved in this study areiFulvestrant
Breast Cancer  Palbociclib + Avelumab
Fulvestrant with Palbociclib
Fulvestrant with Palbociclib and Avelumab
“The purpose of this study is to compare the efficacy of olaparib (MK-7339) plus
pembrolizumab (MK-3475) with chemotherapy plus pembrolizumab after induction with
first-line chemotherapy plus pembrolizumab in triple negative breast cancer (TNBC). The
primary hypotheses are:
Olaparib plus pembrolizumab is superior to chemotherapy plus pembrolizumab with
Triple Negative Pebisliuina ¢ e respect to pm‘;:ssﬂon—ﬁ'« suwivalp (Ypl;s). !
35| NCToasnss | 204 162 Olaparib + Carboplatin | 55 (4121083). | 25.1 (183 to NA)
Breast Neoplasms Olaparib plus pembrolizumab is superior to chemotherapy plus pembrolizumab with
+ Gemcitabine :
respect to overall survival (OS).
As of Amendment 3, study enrollment was discontinued. Participants who were recciving
bencfit from the study intervention could continue treatment until criteria for
discontinuation are met. Participants who are on study treatment or in follow-up phase
will no longer have tumor response assessments by BICR.
Objective: To determine the Overall Response Rate (ORR) to Imprime PGG +
pembrolizumab in subjects with advanced melanoma or metastatic TNBC
Safety: To characterize the safety of Imprime PGG + pembrolizumab given in
combination
Hypothesis: Restore (for melanoma) or enhance (for TNBC) sensitivity to checkpoint
inhibitors (CPI) by appropriate and effctive stimulation of the subject’s innate and
adaptive immune systems in those subjects who have faled st line therapy
advanced RECISToLL - 235 ‘he sty willincorporate Simon's optinnal 2-stge design with sample iz fixd at 12
Vil fngine 56 R BT subjects each in Stage 1 for advanced melanoma and for Trple Negative Breast Cancer
36 | NCTO2981303 2024 61 ; (TNBC) subjects. The safety criterion of < 4 (or < 33%) subjects with Grade 3/4 adverse
Negative + Pembrolizumab ItRECIST= 286 101922) ! e |
Wil ot events in Cyele 1 within cither tumor type must be met in order to proceed to Stage 2.
“The starting dose is 4 mg/kg for Imprime PGG. In the event there are a total of > 4 (or >
33%) of subjects with Grade 3/4 adverse events in Cycle 1, the dose of Imprime PGG will
be reduuced to 2 mg/kg, and Stage 1 will be repeated at a dose of 2 mg/kg with an
additional cohort of n=12 subjects. For the dose that meets the safety criterion in Stage 1,
at least 1 response in melanoma subjects and 2 responses in TNBC subjects amongst the
12 subjects within cach tumor type must be observed in order to proceed to Stage 2
Stage 2 will enroll an additional 17 subjects with melanoma, and 30 subjects with TNBC.
For the dose that meets the Stage 1 safety criterion, success wil be declared if at least 4
amongst the total of up to 29 subjects with melanoma, and 13 amongst the total of up to
42 subjects with TNBC achieve an objective response.
Progression-free survival based on the Kaplan-Meier method is defined as the duration of
NCT03051659 sk time from study entry to documented discase progression (PD) or death. Progression Free
37 PMID: 2024 % Breast Cancer 41651062) | 134(10410NA)  Survival [Time Frame: 2 years] Median Overall Survival (OS) [Time Frame: Discase
32880602) + Pembrolizumab assessments is performed every 3 cycles (3 weeks/cycle) for the first 18 cycles. Median

follow-up 10.5 months with range 0.43-19 months.]
clinical trial phase IIl in breast cancer

hormone receptor

positive, HER2+  lapatinib + Trastuzumab PES of Lapatinib+Trastuzumab+Al Combination vs. Trastuzumab-+AI Combination

1 NCToll60211 2022 a2 6(54 10 83 060 (035 10104
e metastatic + Aromataseinhibitor 56(34 t083) (03510 1.04) [Time Frame: approximately 5 years]
Breast Cancer
HER2- Progression-free Survival (PES) Per Investigators’ Assessment Based on Local Radiology
Everolimus + Placebo, N
- overexpressing 14.49(12.29 1997 Review - Full Population [Time Frame: date of randomization to the date of first
2| NCTo0s76395 2017 719 Trastuzumab
metastatic 10 17.08) (10.8410NA)  documented tumor progression or death from any cause, whichever occurs first, reported
+ Paclitaxel .
breast cancer between day of first patient randomized up to about 56 months]
HER-2 Negative Letsoeoléi 521 Progression-free Survival (PFS) [Time Frame: Up to 2 years] Overall Survival (OS) [Time
3| NCTo0sa5077 2014 380 o Bevacizumab 193(16.5 to 22.1) ggesslon:ee Sary e e " !
Breast Cancer (35.79 10 68.49) Frame: Up to 2 years|
+ Fulvestrant
st 5 b [Avastin] 107 Percentage of Participants Estimated to be Surviving at Months 6, 12, 18, and 24 [Time
4 NCTO01250379 2015 494 el KIcmey e 63(55t07.6) Frame: Months 6, 12, 18, and 24] Overall survival (OS) [Time Frame: approximately 42
Breast Cancer + Chemotherapy (17.61021.0)
‘months] Safety: Incidence of adverse events [Time Frame: approximately 42 months]
S——— Progression Free Survival (Independent Assessment) [Time Frame: Tumor assessments
R A P HER-2 Positive i S 72 every 9 weeks from randomization until Week 27, then every 12 weeks thereafter, until
Breast Cancer (31042) IRF-determined PD, initiation of alternative anticancer medication, or death (up to
+ Trastuzumab,
5.5 years).]
Progression Free Survival (PES) [Time Frame: Every 9 weeks up to Week 36, thereafier
. every 12 weeks until disease progression (up to the clinical cutoff of 30 June 2011, up to
HER-2 Positi Bevacizumab [Avasti
6 NCT00391092 2014 424 . evacizumab [Avastinl o4y 0 191) | 385321 toNA) | 475 years)] Overall Survival (OS) [Time Frame: Every 9 weeks up to Weck 36, thereafter
Breast Cancer + Docetaxel, Herceptin !
every 12 weeks until discase progression (up to the clinical cutoff of 30 June 2011, up to
475 years)]
O [m— A Progression-free Survival [Time Frame: Baseline to the 15 Sep 2008 cut-off date (up to 2
7| NCTo0333775 2013 736 87(821099) " years, 6 months) Overall Survival [Time Frame: Baseline to the 15 Sep 2008 cut-off date
Breast Cancer + bevacizumab (157 to NA)
(up to 2 years, 6 months)]
HER2/ErbB2 Lapatinib + - Number of Participants With Pathological Complete Response (pCR) at the Time of
8 | NCT00S53358 2019 155 over-expressing Trastuzumab (60 n7g | Sursery [Time Frame: Weeks 20 0 22] ~Overall Survival (OS) - Median Survival Fllow-
Breast Cancer + Paclitaxel é up [Time Frame: From randomization up to approximately year 10]
. Progression Free Survival (PFS) in ITT Population [Time Frame: Baseline, every 8 weeks
HER-2 Negative ¢
s | werowss | a1z - M Bevacizumab + 110 258 until documented discase progression, death or clinical cut-off (up to 117.7 weeks)]
e Bm;“zﬂ':“ Paclitaxel + Placebo (9510122 (22810 32.8) Overall Survival (OS) - ITT Population [Time Frame: From randomization till death or
clinical cut-off (up to 244 weeks)]
Progression-Free Survival (PFS) According to IRF Assessment [Time Frame: Up to 48
i months from randomization until clinical cutoff of 16-Sept-2014 (at Screening, every 9
o — 1095 | PostiveMunstatic | Docetaxel + Pacliaxel 141 5368 weeks for 81 wecks, then every 12 weeks thereafter and/or up to 42 days afier last dose)]
. ;mla_»’! Cmm‘ + Pertuzumab. (109 to 168) (48.36 to 64.36) Overall Survival (OS) at Clinical Cutoff [Time Frame: Up to 70 months from
randomization unil clinical cutoff of 15-May-2016 (every 3 months until death, loss to
follow-up, withdrawal, or study termination)]

“This open-label, multicenter, Phase IITb study will assess the safety, tolerability and

efficacy of a combination therapy of intravenous (IV) pertuzumab (Perjeta), trastuzumab
— (Herceptin) SC, and taxane chemotherapy (docetaxel, paclitaxel or nab-paclitaxel) as first-
HERa: || SR | drenina line therapy in participants with HER2-positive mefastatic breast cancer (mBC). All
1 NCTO2019277 2024 212 Metastatic s i participants will be treated with 3-week cycles of pertuzumab IV (840 milligrams [mg]
Breast Cancer e i first dose; subsequent doses of 420 mg) and trastuzumab SC (600 milligrams [mg). The
taxane treatment regimen will be determined by the investigator. Participants will
continue therapy until discase progression, unacceptable toxicity, or the participant
withdraws consent, whichever oceurs first.

In Part 1, the safety of pembrolizumab (MK-3475) in combination with one of three
different chemotherapies will be assessed in the treatment of locally recurent inoperable
or metastatic triple negative breast cancer (TNBC), which has not been previously treated

Pembrolizumab + Nab- vith chemotherapy.
Triple Negative  paclitaxel + Paclitaxel + the combination of pembrolizumab and chemotherapy prolongs Progression-Free Survival
12 NCTO2819518 2023 882 Breast Gemeitabine + 75(631077) 172 (15310 190). (PFS) compared to placebo and chemotherapy inall participants,
Cancer (TNBC) ~ Carboplatin + Normale participants with programmed cell death-ligand 1 (PD-L1) combined positive score (CPS)
Saline Solution 21 tumors, and
participants with PD-LI CPS 10 tumors, and
the combination of pembrolizumab and chemotherapy prolongs Overall Survival (OS)
compared to placebo and chemotherapy
Atezolizumab +
rileNegutive | IPatasrtib + Pacltaxcl “This study evaluated the efficacy and safety of ipatasertib in combination with
13 NCToa177108 2024 22 B’:f;l C‘i'c: + Placebo for 7.1(5.11093) 157 (125 to NA) atezolizumab and paclitaxel in locally advanced or metastatic Triple-Negative Breast
Atezolizumab Cancer (TNBC) previously untreated in this setting.
+ Placebo for Ipatasertib
clinical trial phase IV in breast cancer
. HER2-positive  Docetaxel + Paclitaxel NA Progression-free survival, tumour assessments according to RECIST criteria [Time Frame:
1 NCTOB0IZ29 2016 2 99(6.28 10 13.63
Z Breast Cancer + Trastuzumab NGB 11363) (2264 to NA) up 04 years] Overall Response Rate [Time Frame: up to 28 months]
2 Breast Cancer + Trastuzumab Gt (2610 NA) bt g ‘ g P

Overall Survival (OS) [Time Frame: Up to 24 months after the last patient in]





