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We focused on a paper titled “Radiation with immunotherapy may be a double-edged sword—how can we learn from recent negative clinical trials?”, which was published in JAMA Oncology recently. Herein, we initially provided three complementary viewpoints from biological perspectives involved in the dynamic alterations of the tumor microenvironment, which may contribute to a more comprehensive understanding of the superiority of stereotactic body radiation therapy (SBRT).
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Background

The PACIFIC-2 trial is a phase III, multi-center, randomized, double-blind clinical trial, which first evaluates the therapeutic efficacy of durvalumab during concurrent chemoradiotherapy (cCRT) followed by consolidation therapy vs. cCRT alone in patients with unresectable stage III non-small cell lung cancer (NSCLC). Regrettably, this trial has not achieved the desired result, distinct from the inspiring outcome of another landmark study, the PACIFIC-1 trial, which has affirmed the clinical efficacy of durvalumab in unresectable stage III NSCLC patients’ maintenance therapy after cCRT. Similarly, to assess the potential benefit from concurrent immune checkpoint inhibitors (ICIs) plus cCRT compared with cCRT alone, multiple clinical trials with negative outcomes have surfaced in recent years, including the CALLA, JAVELIN Head and Neck 100, and Keynote-412 trials. Intriguingly, hypofractionated/stereotactic body radiation therapy (SBRT) plus concurrent ICI therapy exhibited a superior and invigorating therapeutic efficacy in many trials, including the COSINR and PEMBRO-RT trials, which differs from the negative results from concurrent ICIs plus conventional fractionated cCRT.





The superiority of SBRT

The tumor microenvironment (TME) is a complex ecological ecosystem that tightly correlates with tumor growth, metastasis, and response to anti-tumor therapy. Although ICIs combined with radiotherapy (RT) were considered a promising treatment strategy, not all patients benefited due to the heterogeneity and complexity of the TME. Similarly, extensive research has shown that different radiotherapy regimens may also bring radically varied alterations of the TME and yield different therapeutic effects. In recent years, SBRT has been shown to facilitate the more intense host anti-tumor immune response, increase the incidence of abscopal effect, and enhance the synergistic anti-tumor effects together with ICIs. McGee et al. suggested that the inhibition of the antigen presentation process induced by the irradiation of draining lymph nodes and more severe lymphopenia due to a larger number of fractions is responsible for the failed outcomes of cCRT (1) (Figure 1, top left), with the distinct alterations in immune cell groupings identified in the TME following SBRT and conventional cCRT. We believe that exploring the underlying mechanisms for positive results in trials with concurrent ICIs plus SBRT will shed light on optimization using RT and ICIs.
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Figure 1 | The superiority of stereotactic body radiation therapy (SBRT) on the biological perspective: tumor microenvironment (TME) alteration. Top left: The inhibition of antigen presentation process induced by the irradiation of draining lymph nodes and more severe lymphopenia due to a larger number of fractions is responsible for the failed outcomes of concurrent chemoradiotherapy (cCRT) (1). Top right: Either ablation or hypofractionated radiotherapy (RT) can enhance the CD8+ T-cell infiltration. Bottom left: SBRT could indirectly reduce the accumulation of intratumoral immunosuppressive cells [myeloid-derived suppressor cells (MDSCs) and regulatory T cells (Tregs)] by quickly shrinking tumor volume. Bottom right: SBRT could induce severe vascular injury to exacerbate tumor cell death indirectly. Furthermore, the ablation dose of RT can induce cancer-associated myofibroblasts (CAFs) to develop an aging phenotype, significantly reducing angiopoietin secretion while suppressing the function of vascular endothelium. This figure was drawn using Figdraw.

A series of studies have elucidated that either ablation or hypofractionated RT enhanced the CD8+ T-cell infiltration and achieved superior therapeutic efficacy combined with ICIs (Figure 1, top right). In contrast to conventional fractionated RT (3 Gy, 10 fractions), a single dose of 30 Gy considerably increased CD8+ T-cell immune infiltration and resulted in the loss of myeloid-derived suppressor cells (MDSCs), a type of immunosuppressive cell, which significantly increased the tumor response rates and prolonged survival rates in CT26 and MC38 tumor-bearing mice. Interestingly, the addition of a 10-day dose of 3 Gy to the single dose of 30 Gy significantly reduced the CD8+ T-cell infiltration and strikingly increased MDSC infiltration, which significantly promoted tumor cell survival and spread (2). Likewise, another study revealed that fractionated RT induced a sustained depletion of infiltrating CD8+ T cells in melanoma mouse models. Conversely, single high-dose radiation rendered the intratumoral CD8+ T cells to maintain a higher level, which may stimulate stronger anti-tumor immune reactions and correlate highly with lower incidences of distant metastasis and local recurrence (3).

The dysregulation of regulatory T cells (Tregs) and MDSCs exerts negative roles in anti-tumor immune actions. Studies have revealed that high-volume tumors tend to be associated with poor responsiveness to immunotherapy, which may be partially attributed to a rising immunosuppressive cell infiltration, along with a concomitant increase in inhibitory cytokines among multiple tumor types. The incomparable advantage of SBRT vs. conventional fractionated RT in efficiently reducing tumor volume may partially explain its superiority in ICIs’ therapeutic efficacy (Figure 1, bottom left). By quickly shrinking single or multiple larger tumors, SBRT indirectly reduced the accumulation of intratumoral immunosuppressive cells and, meanwhile, strengthened anti-tumor immune responses (4). In addition, aiming to uncover the dynamic alterations of peripheral immune cells in patients with prostate cancer treated with three different dose-fractionation strategies, a study indicated that remarkable reductions in peripheral Treg percentage and Treg/CD8+ T cell ratio occurred solely at 6 months after the end of SBRT, albeit a progressive increase in peripheral Tregs was noticed during therapy in all three groups. The reduction and functional suppression of peripheral Tregs induced by SBRT may also be correlated with reduced Treg infiltration, contributing to anti-tumor immune activation (5).

Additionally, low irradiation dose (<5 Gy) causes only temporary impairment of vascular function, whereas high irradiation dose (>10 Gy) could trigger sustained tumor vascular damage. In addition to the direct tumor cell killing and promotion of immune killing, SBRT could induce severe vascular injury by triggering endothelial cell dysfunction and apoptosis, indirectly exacerbating tumor killing. In a fibrosarcoma mouse model experiment, a single dose of higher than 15Gy radiation rapidly increased tumor cell death by worsening vascular damage and aggravating tumor hypoxia before anti-tumor immunity activation (6). Furthermore, Hellevik et al. uncovered that a single ablation dose (18 Gy) of radiotherapy induced cancer-associated myofibroblasts (CAFs) to develop an aging phenotype, which significantly reduced their angiopoietin secretion while suppressing the migration ability of vascular endothelial cells, thereby lowering their pro-angiogenic properties (7) (Figure 1, bottom right).





Conclusion

In conclusion, many studies have indicated that a high CD8+ T-cell infiltration correlates with a better response to ICIs and improved survival (8). SBRT significantly enhances the CD8+ T-cell infiltration and slows its depletion, strengthening the efficacy of anti-tumor immunotherapy. Reciprocally, the stronger CD8+ T-cell depletion induced by conventional fractionated RT is detrimental to T cell-mediated immunotherapy, and it is urgent to discover new immune targets. T-cell immunoreceptor with Ig and ITIM domains (TIGIT) was deemed to be associated with T-cell exhaustion. It was shown that the anti-TIGIT antibody therapy decreased Treg infiltration and reversed the CD8+ T-cell exhaustion to enhance the anti-PD-L1 efficacy synergistically. Intriguingly, a mouse tumor model experiment indicated that anti-TIGIT antibody exerts significant anti-tumor effects combined with 3 × 8Gy radiation plus anti-PD-L1 treatment only, and no benefit was observed in anti-TIGIT antibody plus 2 × 12Gy radiation plus anti-PD-L1 treatment (9). It triggered us to reflect on whether anti-TIGIT antibodies can overcome the immunosuppression by conventional fractionated RT, subsequently improving ICI efficacy.

Furthermore, with the continuous development of single-cell sequencing and spatial omics technology, there has been an increased awareness of immune cell subsets and their spatial distribution. CD8+ T-cell subsets with diverse degrees of exhaustion respond differentially to PD(L)-1 therapy (10, 11). Additionally, the spatial connection between tumor cells and tumor-infiltrating cells (TILs), as well as its dynamic alterations due to immune cell migration, differentiation, and activation, is also closely related to radiotherapy and immunotherapy (12).

Finally, despite the superior therapeutic efficacy of SBRT plus ICI strategy, more clinical trials and translation research are needed for a better understanding of biological mechanisms. Nowadays, many trials (NCT05624996, NCT03795207, and NCT06293690) evaluating the combination of SBRT plus ICIs in various cancer types are ongoing, which may be worth looking forward to.





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 authors.





Author contributions

YL: Writing – original draft, Writing – review & editing. GY: Writing – original draft, Writing – review & editing. WC: Writing – original draft, Writing – review & editing. YD: Writing – original draft, Writing – review & editing. SY: Conceptualization, Investigation, Writing – review & editing. SW: Conceptualization, Investigation, Writing – review & editing.





Funding

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





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Abbreviations




CAFs, cancer-associated myofibroblasts; cCRT, concurrent chemoradiotherapy; ICIs, immune checkpoint inhibitors; MDSCs, myeloid-derived suppressor cells; RT, radiotherapy; SBRT, stereotactic body radiation therapy; TIGIT, T-cell immunoreceptor with Ig and ITIM domains; TME, tumor microenvironment; Tregs, regulatory T cells.





References

	 McGee HM, Williams TM, Lee P. Radiation with immunotherapy may be a double-edged sword-how can we learn from recent negative clinical trials? JAMA Oncol. (2024) 10:1019–20. doi: 10.1001/jamaoncol.2024.1527, PMID: 38842841


	 Filatenkov A, Baker J, Mueller AM, Kenkel J, Ahn GO, Dutt S, et al. Ablative tumor radiation can change the tumor immune cell microenvironment to induce durable complete remissions. Clin Cancer research: an Off J Am Assoc Cancer Res. (2015) 21:3727–39. doi: 10.1158/1078-0432.CCR-14-2824, PMID: 25869387


	 Lee Y, Auh SL, Wang Y, Burnette B, Wang Y, Meng Y, et al. Therapeutic effects of ablative radiation on local tumor require CD8+ T cells: changing strategies for cancer treatment. Blood. (2009) 114:589–95. doi: 10.1182/blood-2009-02-206870, PMID: 19349616


	 Karapetyan L, Iheagwara UK, Olson AC, Chmura SJ, Skinner HK, Luke JJ. Radiation dose, schedule, and novel systemic targets for radio-immunotherapy combinations. J Natl Cancer Institute. (2023) 115:1278–93. doi: 10.1093/jnci/djad118, PMID: 37348864


	 Palermo B, Bottero M, Panetta M, Faiella A, Sperduti I, Masi S, et al. Stereotactic ablative radiation therapy in 3 fractions induces a favorable systemic immune cell profiling in prostate cancer patients. Oncoimmunology. (2023) 12:2174721. doi: 10.1080/2162402X.2023.2174721, PMID: 36798427


	 Song CW, Lee YJ, Griffin RJ, Park I, Koonce NA, Hui S, et al. Indirect tumor cell death after high-dose hypofractionated irradiation: implications for stereotactic body radiation therapy and stereotactic radiation surgery. Int J Radiat oncology biology physics. (2015) 93:166–72. doi: 10.1016/j.ijrobp.2015.05.016, PMID: 26279032


	 Hellevik T, Pettersen I, Berg V, Bruun J, Bartnes K, Busund LT, et al. Changes in the secretory profile of NSCLC-associated fibroblasts after ablative radiotherapy: potential impact on angiogenesis and tumor growth. Trans Oncol. (2013) 6:66–74. doi: 10.1593/tlo.12349, PMID: 23418618


	 Chen Y, Yu D, Qian H, Shi Y, Tao Z. CD8(+) T cell-based cancer immunotherapy. J Trans Med. (2024) 22:394. doi: 10.1186/s12967-024-05134-6, PMID: 38685033


	 Grapin M, Richard C, Limagne E, Boidot R, Morgand V, Bertaut A, et al. Optimized fractionated radiotherapy with anti-PD-L1 and anti-TIGIT: a promising new combination. J immunotherapy cancer. (2019) 7:160. doi: 10.1186/s40425-019-0634-9, PMID: 31238970


	 Bufe S, Zimmermann A, Ravens S, Prinz I, Buitrago-Molina LE, Geffers R, et al. PD-1/CTLA-4 blockade leads to expansion of CD8(+)PD-1(int) TILs and results in tumor remission in experimental liver cancer. Liver cancer. (2023) 12:129–44. doi: 10.1159/000526899, PMID: 37325488


	 Guo X, Nie H, Zhang W, Li J, Ge J, Xie B, et al. Contrasting cytotoxic and regulatory T cell responses underlying distinct clinical outcomes to anti-PD-1 plus lenvatinib therapy in cancer. Cancer Cell. (2025) 43:248–68.e9. doi: 10.1016/j.ccell.2025.01.001, PMID: 39889705


	 Feng Y, Yang T, Zhu J, Li M, Doyle M, Ozcoban V, et al. Spatial analysis with SPIAT and spaSim to characterize and simulate tissue microenvironments. Nat Commun. (2023) 14:2697. doi: 10.1038/s41467-023-37822-0, PMID: 37188662







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 © 2025 Liu, Ye, Chen, Ding, Ying and Wu. 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-16-1578486-g001.jpg
1 \s-/,(/ :
, Lymphatic drainage area
1

SBRT
Superiority

Vessel damage





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2025.1578486_cover.jpg
& frontiers | Frontiers in Immunology

Stereotactic body radiation therapy or
conventional fractionated radiotherapy
combined with immune checkpoint
inhibitors? From biological perspectives





