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The standard of care for locally advanced rectal cancer is total neoadjuvant therapy followed by surgical resection. Current evidence suggests that selected patients may be able to delay or avoid surgery without affecting survival rates if they achieve a complete clinical response (CCR). However, for older cancer patients who are too frail for surgery or decline the surgical procedure, local recurrence may lead to a deterioration of patient quality of life. Thus, for clinicians, a treatment algorithm which is well tolerated and may improve CCR in older and frail patients with rectal cancer may improve the potential for prolonged remission and potential cure. Recently, immunotherapy with check point inhibitors (CPI) is a promising treatment in selected patients with high expression of program death ligands receptor 1 (PD- L1). Radiotherapy may enhance PD-L1 expression in rectal cancer and may improve response rate to immunotherapy. We propose an algorithm combining immunotherapy and radiotherapy for older patients with locally advanced rectal cancer who are too frail for surgery or who decline surgery.
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Introduction

Rectal cancer prevalence increases significantly with age. Early screening has led to early diagnosis and improved survival. However, current recommendation for colonoscopy stops at the age of 75 even though preliminary evidence suggests that screening for colorectal cancer beyond this age limit may be beneficial (1). Thus, the disease is frequently diagnosed at a locally advanced stage and curative resection may not be possible for older patients (2). In addition, among older cancer patients who underwent surgical resection, the mortality rate increases significantly with age due to increased complication rates (3). The increased comorbidity and frailty likely contribute to the high mortality rate observed after rectal cancer surgery in older patients (4, 5). Radical rectal surgeries, whether with or without sphincter preservation, are associated with significant morbidities (6). Permanent colostomy in patients who undergo abdominoperineal resection (APR) and complications of low anterior resection (LAR) syndrome in patients who are treated with sphincter preserving surgery are very debilitating and reduce patients’ quality of life (QOL) (7). Older patients are particularly affected after due to their lower performance status prior to surgery. Thus, considering non-surgical strategies for those patients may be very valuable to maintain their QOL. As an alternative, for older rectal cancer patients who are too frail to undergo surgery or decline surgery, radiotherapy alone or combined with chemotherapy is a viable option to increase survival. However, ultimately disease progression was observed in many of them (8). Among rectal cancer patients who underwent neoadjuvant chemoradiotherapy, a complete clinical response (CCR) is frequently associated with a better prognosis and among those who adopted watchful waiting, prolonged survival has been reported (9). The preliminary report from the OPERA randomized trial is very encouraging. Among patients with clinical stage T2-T3 rectal cancer undergoing concurrent chemoradiation with capecitabine, increased CCR and organ preservation were reported among patients who had a high boost dose with contact therapy. There was no impact on survival for those who prefer watchful waiting (10). Thus, a higher radiation dose associated with chemotherapy improved CCR and also local control rates. Could CCR rates further improve with a systemic agent which is well tolerated by older and frail patients? Preliminary reports suggest that neoadjuvant chemotherapy and immunotherapy may improve CCR rates in patients with locally advanced rectal cancer (11–13). Furthermore, in a subset of patients with mismatch repair deficient (MMR-D)/microsatellite instability-high (MSI-H) rectal cancers, neoadjuvant check point inhibitors (CPI) have been reported to induce an excellent CCR rate with reduced toxicity (14–17). In this subset of patients, CPI alone may produce long-term remission and may allow the patient to avoid surgery (18). Given our recent advance in molecular biology of rectal cancer, it is possible to personalize patient treatment based on biomarkers to improve the patient quality of life (QOL).

As an organization devoted to the care of older cancer patients, minorities, and women who are frequently excluded from clinical trials, the International Geriatric Radiotherapy Group (http://www.igrg.org) would like to propose a practical protocol for older patients with locally advanced rectal cancer who are too frail to undergo surgery or who decline surgery (19). Radiotherapy and immunotherapy may induce long-term remission and potential cure in selected patients.





Prevalence of program death ligand 1 (PD-L1) in patients with colorectal cancer

Depending on the cutoff value, the prevalence of PD-L1 ranges from 5% to 73% (20–32) in patients with colorectal cancers. This variability of PD-L1 expression across the studies is likely related to the tumor histology, grade, and stage. Non-mucinous tumor, poorly differentiated grade, and advanced stage (III, IV) are linked to a higher PD-L1 expression. High PD-L1 expression in colorectal cancer is frequently linked to a poor prognosis due to the tumor cells ability to evade the immune system (33). Program death ligand is a transmembrane glycoprotein commonly expressed on the surface of normal cells which binds to program cell death protein 1 (PD-1) present on activated T cells (34). Binding of PD-L1 to PD-1 on T cells activates the downstream signaling of these cells, thus inhibiting proliferation, cytokines production, and cytotoxicity and prevents destruction of normal cells (35). Abnormality of the PD1-PD-L1 axis has been reported to be the mechanism of autoimmune disease (36). However, cancer cells also express PD-L1 at various levels which allow them to escape killing by the immune system. Thus, preventing their binding to activated T cells by antibodies directed against PD-1, PD-L1, gene silencing, or small molecules inhibition may restore the immune system leading to tumor destruction.

Immunotherapy with CPI which is directed against PD-1 or PD-L1 has been reported to improve survival among patients with metastatic colorectal cancer (37, 38). The impact of CPI is greatest among tumors with MMR-D/MSI-H as a predictive biomarker (37). The mismatch repair system (MMR) is a highly conserved DNA repair mechanism which consists of specific DNA mismatch repair enzymes dependent on four key genes, mutL homologue 1 (MLH1), postmeiotic segregation increased 2 (PMS2), mutS homologue 2 (MSH2), and mutS 6 (MSH6). If one or more enzymes are not functional, the mismatch repair mechanism is deficient. The accumulation of errors in genetic sequences are repeated leading to high microsatellites (MSI-H). Tumors with high PD-L1 expression are frequently but not always associated with increased MMR-D/MSI-H. The rate of MSI-H among tumor with high PD-L1 expression ranges from 5 to 75%. The positivity of PD-1 and PD-L1 as well as dMMR/MSI-H are the most important predictors for response to immunotherapy in a metaanalysis of advanced colorectal cancer (39). Thus, both PD-L1 and MSI status should be investigated to assess potential tumor response to immunotherapy. Table 1 summarizes PD-L1 prevalence in patients with colorectal cancer and its relationship to MSI-H status.


Table 1 | Prevalence of PD-L1 expression in colorectal cancer and its relationship to MSI status.







Modulation of PD-L1 in patients with rectal cancer

Even though PD-L1 is not a perfect biomarker for immunotherapy, high PD-L1 expression frequently correlates with response to CPI (40). Strategies to modify the tumor microenvironment in order to increase PD-L1 expression may also increase MSI-H rate.

In vitro experiment with colon cancer cell lines suggests that they rarely express PD-L1 on their cell membranes. However, after exposure to 5-fluorouracil (5-FU), there was a significant increase of PD-L1 expression (41). The upregulation of PD-L1 expression in tumor is mediated through the infiltration CD8 T cells in the tumor following chemotherapy to evade its destruction (42). The increase of inflammatory T cells has also been reported in clinical studies. Among seven patients with MMR-proficient (MMR-P) locally advanced rectal cancer who underwent neoadjuvant chemotherapy, there was a significant increase PD-1 positive T cells in the biopsy specimen obtained after chemotherapy compared to the one before treatment (43). Another study also corroborated the concept of chemotherapy-induced immunotherapy modulation in rectal cancer. Among 49 patients with MMR proficient (MMR-P) rectal cancer who underwent neoadjuvant chemotherapy, there was a significant increase of PD-1 positive T cells in the resected specimen compared to a control of 25 patients who had surgery alone (44). The level of PD-L1 in tumor cells were also increased in those who received neoadjuvant chemotherapy but did not achieve statistical significance. Thus, chemotherapy may make the tumor microenvironment more sensitive to immunotherapy even in MMR-P rectal cancer.

Similar in vivo experiments of colon cancer cells demonstrated that radiotherapy may be another effective immunomodulator. Significant increase in PD-L1 expression was observed in colonic tumor cells following radiotherapy to a total dose of, 1000 cGy in 200 cGy/fraction. Administration of CPI with radiotherapy significantly improved survival of mice injected with colonic cancer cells compared to those who had radiotherapy alone or CPI alone (45). Thus, radiotherapy acts synergistically with immunotherapy to improve local control and survival. Increased in PD-L1 expression following radiotherapy was also observed in clinical studies of rectal cancer. The expression of PD-L1 was 15% and 50% in the biopsy and resected tumor before and after radiotherapy, respectively (p=0.0005) (46). In addition, high dose radiotherapy per fraction may potentiate the effect of immunotherapy through the abscopal effect, and potentially improve survival through a reduction of distant metastases (47). As standard of care for locally advanced rectal cancer is preoperative chemoradiation, we postulate that combining those two modalities may increase further PD-L1 expression, and may lead to a better immune response.

Indeed, neoadjuvant chemoradiation has been reported to increase PD-L1 expression of the tumor cells (48–50) and the inflammatory cells in the tumor stroma (50). Even when there was no increase in tumor cells PD-L1 expression, the inflammation produced by chemotherapy has led to an increase infiltration of CD8+ T cells, and high PD-L1 expression of tumor stromal cells (T cells, B cells, dendritic cells, and macrophages) (51). The immunomodulation of chemoradiation was also corroborated in another study where not only there was an increase of the inflammatory cells in the surgical specimen but there was also a downregulation of genes regulating the MMR system leading to an alteration of MSI status (52) Thus, chemoradiotherapy or radiotherapy alone may enhance CPI effect in patients with rectal cancer. Table 2 summarizes the potential PD-L1 upregulation by neoadjuvant treatment.


Table 2 | Upregulation of PD-L1 following radiotherapy or chemoradiation for rectal cancer.



Preliminary experience suggests that the combination of chemoradiation followed by immunotherapy may be beneficial to improve the response rate of neoadjuvant rectal cancer. Among 42 patients with locally advanced rectal cancer who had preoperative chemoradiation and nivolumab before surgery, pathologic complete response (pCR) was observed in 30% and 60% for those with microsatellite stable (MSS) (n=37) and MSI-H (n=5), respectively (53). Another study also corroborated the efficacy of the combined chemoradiation and immunotherapy for MMR-P/MMS rectal cancer patients (54): 23 patients underwent sequential chemoradiation and sintilimab for ultra low rectal cancer. 10 underwent surgery and had 20% pCR. Among the 13 patients who did not have surgery, 10 (76%) achieved CCR. The combined treatment was well tolerated with no death. The benefit of combining a short course of radiotherapy followed by chemotherapy and immunotherapy to improve response rate was reported in another study: 13 patients with locally advanced MMR-P rectal cancer underwent external beam radiation to a total dose of 500 cGy times 5 followed by chemotherapy and avelumab before surgery. Three (25%) had a pCR and another 3 (25%) had a near pCR (55). Thus, using chemotherapy and radiation may be an effective modality to improve response rate of locally advanced rectal cancer regardless of their microsatellite status and may be advantageous in MMR-P patients.





Effectiveness of immunotherapy in rectal cancer patients with MMR-D/MSI-H status

Tumors with MMR-D/MSI-H develop excellent and durable response to CPI due to their high tumor mutation burden (TMB) (56). Preliminary studies with monotherapy or combined CPI have been very encouraging with an excellent clinical response observed among locally advanced colorectal cancer with this biomarker (18, 57–62). In selected studies, surgery was omitted to decrease complication rates linked to the surgical procedure. Cercek et al. (18) reported 12 patients with locally advanced rectal cancer MMR-D who developed a CCR following administration of dostarlimab, an anti-PD-1 antibody, every three weeks for six months. Treatment was well tolerated with no local recurrence at the last follow-up visit. Other studies also corroborated the excellent response rate to CPI for this subset of patients and raised the question whether surgery is needed for local control (59–61). However, those are small studies with a short follow-up. Thus, larger prospective randomized studies are needed to confirm this hypothesis. Table 3 summarizes response rates of MMR-D/MSI-H colorectal cancer patients to immunotherapy in clinical trials.


Table 3 | Effectiveness of immunotherapy in colorectal cancer patients with MMR-D/MSI-H status.







Efficacy of immunotherapy among older cancer patients

Older cancer patients tolerate immunotherapy quite well. There was no difference in grade 3-4 toxicity among younger and older cancer patients who were enrolled in phase I clinical trials despite polymedication among the latter group (63). There was no dose reduction among older cancer patients. Other studies also corroborated the safety profile of CPI in older patients with solid tumors. There was no difference in grade 3-5 toxicity in patients 70 years of age and older compared to younger ones (64). However, frail and older cancer patients had more hospital admissions due to a higher comorbidity rate. A meta-analysis of 19 randomized studies of CPI for solid tumors reported improved survival and progression-free survival for both younger and older patients (65). Interestingly, among patients who were 65 years-old or above, the survival magnitude was greater compared to younger ones. Real world data also corroborated the efficacy and safety of CPI in older cancer patients (66). Thus, immunotherapy may be best suited to older cancer patients due to their safety profile.





The role of radiotherapy for older and frail patients with cancer who are unable to undergo surgery or decline surgery

Surgery has been the main curative treatment for patients with early stage or locally advanced rectal cancers. However, in older patients with multiple comorbidities, surgery may not be feasible due to the high mortality rate and serious complications following surgery (4). Radiotherapy alone or combined with systemic therapy may provide effective palliation, and in selected patients long-term control (67–78).

In early stage rectal cancer (T2 and T3), a high radiation dose delivered by endocavitary contact therapy followed by an iridium implant up to 13,900 cGy has led to a 63% local control rate at 5 years among older patients who were too frail for surgery (70). Radiotherapy alone was well tolerated with minimal complications. The size of the tumor was the main factor affecting survival. The 5-year survival was 84% and 53% for T2 and T3 tumor, respectively. The effectiveness of a high radiation dose delivered with contact therapy or brachytherapy for local control in patients with early stage rectal cancer was also corroborated in another study: CCR and local control were 93% and 72%, respectively (71). Tumor size is again a poor prognostic factor for local control. Thus, a high radiation dose to the cancer is critical for local control and long-term survival in patients with rectal cancer treated with radiotherapy alone.

Radiotherapy is less effective for local control and survival of locally advanced rectal cancer due to a larger tumor mass and a lower radiation dose delivered with external beam radiation either alone or combined with systemic therapy as radiation sensitizer. Clinical complete response rate ranges from 13.5% to 86.2% (67–69, 73–78). Long-term local control and survival have been observed among patients who achieved CCR. Thus, increasing radiation dose to the tumor without damaging the organs at risk (OAR) surrounding the target is critical to achieve a higher rate of CCR and to minimize the risk of serious complications. The addition of brachytherapy as a boost technique following external beam irradiation is an effective technique to spare the OAR as radiation dose decreases exponentially with the distance. As an illustration, high dose rate (HDR) brachytherapy has been reported to be effective to improve local control in rectal cancer patients with a large tumor mass (75). Among 38 patients with locally advanced rectal cancer and a median age of 83 years, 60.6% achieved CCR following hypofractionated external beam irradiation and an HDR boost. Of those with a complete response, 60% were free of disease at two years follow-up. However, 10 patients (26%) developed late complications likely due to the hypofractionation scheme (300 cGy/fraction times 13) and the conventional radiotherapy technique which did not spare the normal tissues from excessive radiation.

Recently, advances in radiotherapy technique such as intensity-modulated radiotherapy (IMRT) and image-guided radiotherapy (IGRT) have allowed clinicians to deliver accurately a high tumor dose while minimizing OAR’s dose, thus improving local control and reducing serious complications in older patients with locally advanced rectal cancer (76). Six patients with locally advanced rectal cancer and a median age of 84 underwent pelvic IMRT to a total dose of, 3900 cGy in 300 cGy/fraction followed by an IGRT HDR boost of, 1200 to, 1800 cGy in 600 cGy/fraction. At a median follow-up of 42 weeks, four patients achieved CCR and were free of disease at the last follow-up visit. No patient developed grade 3-4 complications. This study highlights the importance of modern radiotherapy technique delivery to minimize complications as the radiation dose was similar to the previous study (75). Garant et al. (77) corroborated the safety and efficacy of IGRT to deliver a high tumoricidal radiation dose to older patients with rectal cancer. 94 patients with medically inoperable locally advanced rectal cancer underwent pelvic irradiation to a total dose of, 4000 cGy in 250 cGy/fraction. The residual tumor was boosted with image-guided HDR brachytherapy for an addition dose of, 3000 cGy in three weekly fractions of, 1000 cGy. The CCR and local control rates at 2 years were 86.2% and 71.5%, respectively. 12.8% developed grade 3 bleeding but there was no death related to toxicity.





The potential role of chemoradiation and immunotherapy to improve response rate in locally advanced rectal cancer and in particular among MMR-P tumor

Another method to improve response rate of locally advanced rectal cancer and to avoid surgery is the combination of radiation sensitizers with hypofractionated external beam radiotherapy. Among 22 patients with inoperable locally advanced rectal cancer, the combination of capecitabine and bevacizumab with a tumor dose of, 5100 in 340 cGy/fraction have led to a 68.5% CCR rate (78). 14 patients (45%) remained disease free at a median follow-up of 18 months. Only two patients (9%) developed fistula likely due to tumor recurrence (n=1) or tumor regression following invasion of the bladder and vagina (n=1). Combining chemotherapy with radiotherapy delivered to a higher dose with brachytherapy may improve further the CCR rate and local control. The proof of this concept was highlighted by the OPERA randomized trial (10). 141 patients with clinical stage T2 or T3 underwent neoadjuvant chemotherapy with oral capecitabine and external beam pelvic irradiation to a total dose of, 4500 cGy. The residual tumor was boosted with either external beam radiation to 900 cGy in five fractions or with endocavitary contact therapy to, 9000 cGy in three fractions. Among patients with larger tumor (3 cm or above) and smaller tumor (<3 cm), the 3-year organ preservation rate was 55% and 68%, respectively. Thus, tumor size is still a prognostic factor for local control in patients who received chemoradiation. As capecitabine and pelvic irradiation may be well tolerated in older and frail cancer patients, chemoradiation should be considered among patients with MMR-P tumors due to their potential to increase PD-L1 expression (52, 79, 80). Advanced techniques of radiotherapy such as IGRT has also been reported to improve tolerance of older rectal cancer patients to chemotherapy and radiotherapy (81). Thus, capecitabine combined with IMRT/IGRT followed by an endocavitary boost through contact therapy or HDR may be a good option for those patients.

Among patients who are physically fit, immunotherapy combined with chemoradiation may further improve the response rate of locally advanced rectal cancer due the synergy of those two modalities (53–55). However, serious toxicity may also increase, thus limiting its efficacy in older and frail rectal cancer patients. Therefore, for the management of older patients with locally advanced rectal cancer, many factors need to be taken into consideration weighing treatment efficacy versus patient tolerance but chronological age alone should not be used to discriminate against those patients.





Evaluation of frailty in older patients with cancer

As people get older, there is a decrease in the reserve in the body capacity secondary to alteration of the cellular enzymatic and DNA repair system which decreases the body response to stressors, resulting in adverse outcome (82, 83). In frail cancer patients, there is an increased mortality risk with surgery and chemotherapy (4, 84). Older cancer patients (65 years-old or above) should be evaluated for frailty before undergoing any treatment. Even though there are many questionnaires for frailty evaluation, the G-8 questionnaire is simple to administer in a busy clinic (85). Those with a score of 15 or above will be defined as fit. Those with a score of 14 or less will undergo a complete geriatric assessment with the comprehensive geriatric assessment (CG survey (86). We propose a protocol using patient fitness and biomarkers to stratify treatment of older patients with locally advanced rectal cancers who cannot undergo surgery or decline surgery.





Proposed IGRG algorithm for older patients with locally advanced rectal cancer

All tumor biopsy specimen should undergo next generation sequencing (NGS) if feasible which includes PD-L1 and MMR/MSI status. All patients with MMR-D/MSI-H should be candidates for CPI alone to minimize toxicity. Among patients with MMR-P/MSS, fit patients should undergo chemoradiotherapy and immunotherapy for a better response. Frail patients with positive PD-L1 (1% or more) should receive immunotherapy followed by radiotherapy. An alternative would be to consider immunotherapy and chemotherapy for a better response. However, due to their frailty status, chemotherapy may increase the treatment toxicity and may be best avoided (84). Elderly frail cancer patients have been shown to experience increased grade 3-4 toxicity, frequent hospitalizations and emergency room visits compared to fit patients. Those who are negative PD-L1 (<1%) should receive radiotherapy first to induce upregulation of PD-L1 followed by immunotherapy.

External beam pelvic irradiation should be performed with IMRT and IGRT to minimize complication rates followed by a endocavitary boost with contact therapy or brachytherapy if feasible to deliver a high dose to the residual tumor. However, if the endocavitary boost is not available, IGRT boost with external beam radiation is also a consideration. In frail patients with limited mobility, hypofractionated radiotherapy should be considered to decrease the need for transportation. Table 4 summarizes the proposed algorithm.


Table 4 | Proposed algorithm by the International Geriatric Radiotherapy for the management of older patients with locally advanced rectal cancer who are too frail to undergo surgery or who decline surgery.



Clinicians should be flexible in the management of older cancer patients until data from prospective studies become available. With a network of, 1280 cancer institutions across the world and a large number of patients from all ethnicities, the IGRG is committed to conduct those studies when funding becomes available (87, 88).





Conclusion

The combination of radiotherapy and immunotherapy may be beneficial for older patients with locally advanced rectal cancer who may be too frail to undergo surgery or who decline surgery to improve the clinical response rate. Prospective studies should be conducted to verify this hypothesis.





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

NN: Writing – original draft, Writing – review & editing. MM: Writing – original draft, Writing – review & editing. AS: Writing – original draft, Writing – review & editing. BP: Writing – original draft, Writing – review & editing. VV-H: Writing – original draft, Writing – review & editing. OG: Writing – original draft, Writing – review & editing. MA: Writing – original draft, Writing – review & editing. TM: Writing – original draft, Writing – review & editing. HG: Writing – original draft, Writing – review & editing. MV: Writing – original draft, Writing – review & editing. FD: Writing – original draft, Writing – review & editing. CT: Writing – original draft. UK: Writing – original draft, Writing – review & editing. ZD: Writing – original draft, Writing – review & editing. EN: Writing – original draft, Writing – review & editing. EL: Writing – original draft, Writing – review & editing. LK: Writing – original draft, Writing – review & editing. JO: Writing – original draft, Writing – review & editing. EO: Writing – original draft, Writing – review & editing. SB: Writing – original draft, Writing – review & editing. TV: Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, 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.

The author(s) NN, VV-H, MM and MA 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.





References

1. Ma, W, Wang, K, Nguyen, LH, Joshi, A, Cao, Y, Nishihara, R, et al. Association of screening lower endoscopy with colorectal cancer incidence and mortality in adults older than 75 years. JAMA Oncol (2021) 7:985–92. doi: 10.1001/jamaoncol.2021.1364

2. Kang, S, Wilinson, KJ, Brungs, D, Chua, W, Ng, W, Chen, J, et al. Rectal cancer treatment and outcomes in elderly patients treated with curative intent. Mol Clin Oncol (2021) 15:1–7. doi: 10.3892/mco.2021.2418

3. Hoydahl, O, Edna, T, Xanthoulis, A, Lydersen, S, and Endreseth, BH. The impact of age on rectal cancer treatment, complications, and survival. BMC Cancer (2022) 22:975. doi: 10.1186/s12885-022-10058-9

4. Turri, G, Caliskan, G, Conti, C, Martinelli, L, De Giulio, E, Ruzzenente, A, et al. Impact of age and comorbidities on short and long-term outcomes of patients undergoing surgery for colorectal cancer. Front Oncol (2022) 12:959650. doi: 10.3389/fonc.2022.959650

5. Park, SE, Hwang, IG, Choi, CH, Kang, H, Kim, BG, Park, BK, et al. Sarcopenia is a poor prognostic factor in older patients with locally advanced rectal cancer who received preoperative or postoperative chemoradiotherapy. Medicine (2018) 97:48. doi: 10.1097/MD.0000000000013363

6. Meurs, J, Dumoulin, X, De Sutter, N, Smolders, Y, Van den Broeck, S, and Komen, N. Low anterior resection syndrome (LARS) and quality of life after colectomy. Int J Colorectal Dis (2023) 38:180. doi: 10.1007/s00384-023-04471-0

7. Kang, SB, Cho, JR, Jeong, SY, Oh, JH, Ahn, S, Choi, S, et al. Quality of life after sphincter preservation surgery or abdominoperneal resection for low rectal cancer: A long-term prospective multicenter, cohort study. Lancet Reg Health West Pac (2020) 28:100087.

8. Lim, L, Chao, M, Shapiro, J, Millar, JL, Kipp, D, Rezo, A, et al. Long-term outcomes of patients with locally rectal cáncer treated with chemoradiation or radiotherapy alone because of medical inoperability or patient refusal. Dis Colon Rectum (2007) 50:2032–9. doi: 10.1007/s10350-007-9062-x

9. Juliao, GPS, Karagkounis, G, Fernandez, LM, Habr-Gama, A, Vailati, BB, Dattani, M, et al. Conditional survival in patients with rectal cáncer and complete clinical response managed by watch and wait after chemoradiation. Ann Surg (2020) 272:138–44. doi: 10.1097/SLA.0000000000003286

10. Gerard, J, Barbet, NN, Pace-Locos, T, Magne, N, Serrand, J, Mineur, L, et al. Contact x-ray brachytherapy (Papillon) in addition to chemoradiotherapy to improve organ preservation in early cT2-T3 rectal adenocarcinoma (OPERA): A phase 3, randomised controlled trial. Lancet Gastroenterol Hepatol (2023) 8:356–67. doi: 10.1016/S2468-1253(22)00392-2

11. Inamori, K, Togashi, Y, Bando, H, Tsukada, Y, Fukuoka, S, Suzuki, A, et al. Translational research of Voltage-A: Efficacy predictors of preoperative chemoradiotherapy and consolidation nivolumab in patients with both microsatellite stable and microsatellite instability high locally advanced rectal cáncer. JCO (2021) 39:100. doi: 10.1200/JCO.2021.39.3_suppl.100

12. Wang, Q, Zhang, R, Xiao, W, Zhang, S, Wei, M, Li, Y, et al. The watch and wait strategy versus surgical resection for rectal cáncer patients with a complete clinical response after neoadjuvant chemoradiotherapy. Radiat Oncol (2021) 16:16. doi: 10.1186/s13014-021-01746-0

13. Zhou, L, Yu, G, Shen, Y, Ding, H, Zheng, Q, Wen, R, et al. The clinical efficacy and safety of neoadjuvant chemoradiation therapy with immunotherapy for the ultra low rectal cáncer: a single arm and open label exploratory study. JCO (2022) 40:e15603. doi: 10.1200/JCO.2022.40.16_suppl.e15603

14. Kothari, A, White, MG, Peacock, O, Kaur, H, Palmquist, SM, You, N, et al. Pathological response following neoadjuvant immunotherapy in mismatch repair-deficient/microsatellite instability -high locally advanced non-metastatic colorectal cáncer. Br J Surg (2022) 109:489–92. doi: 10.1093/bjs/znac050

15. Pei, F, Wu, J, Zhao, Y, He, W, Yao, Q, Huang, M, et al. Single agent neoadjuvant immunotherapy with a PD-1 antibody in locally advanced mismatch-repair deficient or microsatellite instability-high colorectal cáncer. Clin Colorectal Cancer (2022) 22:85–91. doi: 10.1016/j.clcc.2022.11.004

16. Hu, H, Kang, L, Zhang, J, Wu, Z, Wang, H, Huang, M, et al. Neoadjuvant PD-1 blockade with toripalimab, with or without celecoxib, in mismatch repair-deficient or microsatellite instabitity-high, locally advanced colorectal cáncer: a single-centre, parallel-group, non comparative, randomized, phase 2 trial. Lancet Gastroenterol Hepatol (2022) 7:38–48. doi: 10.1016/S2468-1253(21)00348-4

17. Zhang, X, Yang, R, Wu, T, Cai, X, Li, G, Yu, K, et al. Efficacy and safety of neoadjuvant monoimmunotherapy with PD-1 inhibitor for dMMR/MSI-H locally advanced colorectal cáncer. Front Immunol (2022) 13:913–483. doi: 10.3389/fimmu.2022.913483

18. Cercek, A, Lumish, M, Sinopoli, J, Weiss, J, Shia, J, Lamendolla-Essel, M, et al. PD-1 blockade in mismatch repair deficient, locally advanced rectal cáncer. N Engl J Med (2022) 386:2363–76. doi: 10.1056/NEJMoa2201445

19. Nguyen, NP, Baumert, BG, Oboite, E, Motta, M, Appalanaido, GK, Arenas, M, et al. Immunotherapy and radiotherapy for older cáncer patients: proposed paradigm by the International Geriatric Radiotherapy Group. Gerontology (2021) 67:379–85. doi: 10.1159/000514451

20. Valentini, AM, Di Pinto, F, Cariola, F, Guerra, V, Giannelli, G, Caruso, ML, et al. PD-L1 expression in colorectal cáncer defines three subsets of tumor microenvironments. Oncotarget (2017) 9:8584–96. doi: 10.18632/oncotarget.24196

21. Peng, Q, Wang, C, Chen, H, Zhang, R, Pan, Z, Lu, Z, et al. CMTM6 and PD-L1 coexpression is associated with an active tumor microenvironment and a favourable prognosis in colorectal cáncer. J Immunother Cancer (2021) 9:e001638. doi: 10.1136/jitc-2020-001638

22. Choi, J, Kim, N, Nam, RH, Kim, JW, Song, C, Na, HY, et al. Influence of location dependent sex difference on PD-L1, MMR/MSI, and EGFR in colorectal carcinogénesis. PloS One (2022) 18:e0282017. doi: 10.1371/journal.pone.0282017

23. Calik, I, Calik, M, Turken, G, Ozercan, IH, Dagli, AF, Artas, G, et al. Intratumoral cytotoxic T lymphocyte density and PD-L1 expression are prognostic biomarkers for patients with colorectal cancers. Medicina (2019) 55:723. doi: 10.3390/medicina55110723

24. Lee, LH, Cavalcanti, MS, Segal, NH, Hechtman, JF, Weiser, MR, Smith, JJ, et al. Patterns and prognostic relevance of PD-L1 expression in colorectal carcinoma. Modern Pathol (2016) 29:1433–42. doi: 10.1038/modpathol.2016.139

25. Li, Y, Liang, L, Dai, W, Cai, G, Xu, Y, Li, X, et al. Prognostic impact of program cell death-1 (PD-1) and PD-ligand 1 (PD-L1) expression in cáncer cells and tumor infiltrating lymphocytes in colorectal cáncer. Mol Cancer (2016) 15:55. doi: 10.1186/s12943-016-0539-x

26. Watson, MM, Lea, D, Gudlaugsson, E, Skaland, I, Hagland, HR, and Soreide, K. Prevalence of PD-L1 expression is associated with EMAST, density of peritumoral cells and recurrence-free survival in operable non-metastatic rectal cáncer. Cancer Immunol Immunother (2020) 68:1627–37. doi: 10.1007/s00262-020-02573-0

27. Berntsson, J, Eberhard, J, Nodin, B, Leandersson, K, Larsson, AH, and Jirstrom, K. Expression of program cell death protein 1 (PD-1) and its ligand PD-L1 in colorectal cáncer: relationship with sideness and prognosis. Oncoimmunology (2018) 7:e1465165. doi: 10.1080/2162402X.2018.1465165

28. Rosenbaum, MW, Bledsoe, JR, Morales-Oyarvide, V, Huynh, T, and Mino-Kenudson, M. PD- L1 expression in colorectal cáncer is associated with microsatellite instability, BRAF mutation, medullary morphology and cytotoxic tumor infiltrating lymphocytes. Modern Pathol (2016) 29:1104–12. doi: 10.1038/modpathol.2016.95

29. Chi, D, Xu, W, Tao, X, Zhang, T, and Cui, Y. PD-L1 expression in colorectal cáncer and its relationship with TLR-4 expression. JBUON (2020) 25:1423–9. doi: 10.1080/2162402X.2018.1465165

30. Ho, H, Chou, T, Yang, S, Jiang, J, Chen, W, Chao, Y, et al. PD-L1 is a doublé- edged sword in colorectal cáncer: the prognostic value of PD-L1 depends on the cell type expressing PD-L1. J Cancer Res Clin Oncol (2019) 45:1785–94. doi: 10.1007/s00432-019-02942-y

31. Moller, K, Blessin, NC, Hoflmayer, D, Buschek, F, Luebke, AM, Kluth, M, et al. High density of cytotoxic T lymphocytes is linked to tumoral PD-L1 expression regardless of the mismatch repair status in colorectal cáncer. Acta Oncol (2021) 60:1210–7. doi: 10.1080/0284186X.2021.1933585

32. Kim, JH, Park, HE, Cho, N, Lee, HS, and Kang, GH. Characterisation of PD-L1 positive subsets of microsatellite-unstable colorectal cancers. Br J Cancer (2016) 115:490–6. doi: 10.1038/bjc.2016.211

33. Shen, Z, Gu, L, Mao, D, Chen, M, and Jin, R. Clinicopathological and prognostic significance expression of PD-L1 expression in colorectal cáncer: A systemic review and metanalysis. World J Surg Oncol (2019) 17:4. doi: 10.1186/s12957-018-1544-x

34. Qin, W, Hu, L, Zhang, X, Jiang, S, Li, J, Zhang, Z, et al. The diverse function of PD-1 and PD-L pathway beyond cáncer. Front Immunol (2019) 10:2298. doi: 10.3389/fimmu.2019.02298

35. Wu, Y, Chen, W, and Gu, W. PD-L1 distribution and perspective for cáncer immunotherapy. Front Immunol (2019) 10:2022. doi: 10.3389/fimmu.2019.02022

36. Deng, Y, Huang, F, and Wang, J. A narrative review of PD-1 and autoinmune disease. Ann Blood (2022) 7:31. doi: 10.21037/aob-20-86

37. Andre, T, Shiu, KK, Kim, TW, Jensen, BV, Jensen, LH, and Punt, C. et al, Pembrolizumab in microsarellite-instability-high advanced colorectal cáncer. NEJM (2020) 383:2207–18. doi: 10.1056/NEJMoa2017699

38. Wu, Q, Wang, G, Luo, Y, and Xie, X. Efficacy and safety of immune checkpoint inhibitors in proficient mismatch repair (pMMR)/Non-Microsatellite instability-high (non-MSI-H) metastatic colorectal cáncer: a study based on 39 cohorts incorporating 1723 patients. BMC Immunol (2023) 24:27. doi: 10.1186/s12865-023-00564-1

39. Li, Y, Du, Y, Xue, C, Wu, P, Du, N, Zhu, G, et al. Efficacy and safety of anti-PD1/PD-L1 therapy in the treatment of advanced colorectal cáncer: A meta- analysis. BMC Gastroenterol (2022) 22:431. doi: 10.1186/s12876-022-02511-7

40. Droeser, RA, Hirt, C, Viehl, CT, Frey, DM, Nebiker, C, Huber, X, et al. Clinical impact of programmed cell death ligand 1 expression in colorectal cáncer. Eur J Cancer (2013) 49:2233–42. doi: 10.1016/j.ejca.2013.02.015

41. Goel, G, Ramanan, K, Kaltenmeier, C, Zhang, L, Freeman, GJ, Tang, DPM, et al. Effect of 5-fluorouracil on membranous PD-L1 level expression in colon cáncer cells. J Clin Oncol (2016) 34:592. doi: 10.1200/jco.2016.34.4_suppl.592

42. Dosset, M, Vargas, TR, Lagrange, A, Boidot, R, Vegran, F, Roussey, A, et al. PD-1/PD-L1 pathway: an adaptive immunoresistance mechanism to immmunogenic chemotherapy in colorectal cáncer. Oncoimmunology (2018) 7:e1433981. doi: 10.1080/2162402X.2018.1433981

43. Roxburgh, CS, Shia, J, Vakiani, E, Daniel, T, and Weiser, MR. Potential priming of the tumor microenvironment with FOLFOX chemotherapy in locally advanced rectal cáncer. Oncoimmunology (2018) 7:e1435227. doi: 10.1080/2162402X.2018.1435227

44. Miyashita, Y, Oki, E, Kamori, T, Akagi, Y, Mori, S, Hattori, N, et al. Immune checkpoint status and oncogenic mutation profiling of rectal cáncer after neoadjuvant chemotherapy. Ann Gastroenterol Surg (2023) 00:1–11. doi: 10.1002/ags3.12730

45. Dovedi, SJ, Adlard, AL, Lipowska-Bhalla, G, McKenna, C, Jones, S, Cheadle, EJ, et al. Acquired resistance to fractionated radiotherapy can be overcome by concurrent PD-L1 blockade. Cancer Res (2014) 74:5458–68. doi: 10.1158/0008-5472.CAN-14-1258

46. Boustani, J, Derangere, V, Bertaut, A, Adotevi, O, Morgand, V, Charron-Barra, C, et al. Radiotherapy scheme effect on PD-L1 expression for locally advanced rectal cáncer. Cells (2020) 9:2071. doi: 10.3390/cells9092071

47. Kumar, R, Kim, J, Deek, MP, Eskander, MF, Gulhati, P, In, H, et al. Combination of immunotherapy and radiation therapy in gastrointestinal cancers: An appraising of the 20 current literature and ongoing research. Curr Oncol (2023) 30:6432–46. doi: 10.3390/curroncol30070473

48. Hecht, M, Buttner-Herold, H, Erlenbach-Wunsch, K, Haderlein, M, Croner, R, Grutzman, R, et al. PD-L1 is upregulated by radiochemotherapy in rectal carcinoma and associated with a favorable prognosis. Eur J Cancer (2016) 65:52–60. doi: 10.1016/j.ejca.2016.06.015

49. Chiang, S, Huang, C, Ke, T, Chen, T, Lan, Y, You, Y, et al. Upregulation of PD-L1 by neoadjuvant chemoradiotherapy confers improved survival in patients with lymph node metástasis of locally advanced rectal cancers. Cancer Immunol Immnunother (2019) 68:283–96. doi: 10.1007/s00262-018-2275-0

50. Tayshetye, P, Friday, AJ, Omstead, AN, Verma, T, Miller, S, Zheng, P, et al. Tumor microenvironment before and after chemoradiation in locally advanced rectal cáncer. Cancers (2023) 15:276. doi: 10.3390/cancers15010276

51. Ogura, A, Akiyoshi, T, Yamamoto, N, Kawachi, H, Ischikawa, Y, Mori, S, et al. Pattern of program cell death-ligand 1 expression and CD8-positive T cell infiltration before and after chemoradiotherapy in rectal cáncer. Eur J Cancer (2018) 91:11–20. doi: 10.1016/j.ejca.2017.12.005

52. Seo, I, Lee, HW, Byun, SJ, Park, JY, Min, H, Lee, SH, et al. Neoadjuvant chemoradiation alters biomarkers of imunotherapy responses in locally advanced rectal cáncer. J Immunother Cancer (2021) 9:e001610. doi: 10.1136/jitc-2020-001610

53. Bando, H, Tsukada, Y, Inamori, K, Togashi, Y, Koyama, S, Kotani, D, et al. Preoperative chemoradiotherapy plus nivolumab before surgery with microsatellite stable and microsatellite instability-high locally advanced rectal cáncer. Clin Cancer Res (2022) 28:1136–46. doi: 10.1158/1078-0432.CCR-21-3213

54. Zhou, L, Yu, G, Shen, Y, Ding, H, Zheng, Q, Wen, R, et al. The clinical efficacy and safety of neoadjuvant chemoradiation therapy with immunotherapy for the organ preservation of ultra low rectal cáncer: A single arm and open label exploratory study. J Clin Oncol (2022) 40:e15603. doi: 10.1200/JCO.2022.40.16_suppl.e15603

55. Shamseddine, A, Zeidan, YF, Husseini, ZE, Kreidieh, M, al Darazi, M, Turfa, R, et al. Efficacy and safety-in analysis of short course radiation followed by mFOLFOX-6 plus avelumab for locally advanced rectal adenocarcinoma. Radiat Oncol (2020) 15:233. doi: 10.1186/s13014-020-01673-6

56. Alouani, E, Rousseau, B, Andre, T, and Marabelle, A. Immunotherapy advances in cancers with mismatch repair or proofreading deficiencies. Nat Cancer (2022) 3:1414–7. doi: 10.1038/s43018-022-00497-5

57. Pei, F, Wu, J, Zhao, Y, He, W, Yao, Q, Huang, M, et al. Single agent neoadjuvant immunotherapy with a PD-1 antibody in locally advanced mismatch repair-deficient or microsatellite instability-high status. Clin Colorectal Cancer (2022) 22:85–91. doi: 10.1016/j.clcc.2022.11.004

58. Chalabi, M, Fanchi, LF, Dijksa, KK, Van den Berg, JG, Aalbers, AG, Sikorska, K, et al. Neoadjuvant immunotherapy leads to pathological responses in MMR-proficient and MMR-deficient early stage colon cancers. Nat Med (2020) 26:566–76. doi: 10.1038/s41591-020-0805-8

59. Xiao, B, Zhang, X, Cao, T, Li, D, Jiang, W, Kong, L, et al. Neoadjuvant immunotherapy leads to a major response and low recurrence in localized mismatch repair-deficient colorectal cáncer. J Natl Compr Cancer Netw (2023) 21:60–6. doi: 10.6004/jnccn.2022.7060

60. Zhang, X, Yang, R, Wu, T, Cai, X, Li, G, Yu, K, et al. Efficacy and safety of neoadjuvant monoimmunotherapy with PD-1 inhibitor for dMMR/MSI-H locally advanced colorectal cáncer: A single center real world study. Front Immunol (2022) 13:913483. doi: 10.3389/fimmu.2022.913483

61. Yang, R, Wu, T, Yu, J, Cai, X, Li, G, Li, X, et al. Locally advanced rectal cáncer with dMMR/MSI-H may be excused from surgery after neoadjuvant anti-PD-1 monotherapy: A multiple center, cohort study. Front Immunol (2023) 14:1182299. doi: 10.3389/fimmu.2023.1182299

62. Kothari, A, White, MG, Peacock, O, Kaur, H, Palquist, SM, You, N, et al. Pathological response following neoadjuvant immunotherapy in mismatch repair- deficient/microsatelliye instability-high locally advanced, non-metastatic colorectal 22 cáncer. Br J Surg (2022) 109:489–92. doi: 10.1093/bjs/znac050

63. Herin, H, Aspeslagh, S, Castanon, E, Dyevre, V, Marabelle, A, Varga, A, et al. Immunotherapy phase I trials in patients older than 70 years with advanced solid tumors. Eur J Cancer (2018) 95:68–74. doi: 10.1016/j.ejca.2018.03.002

64. Gomes, F, Lorigan, P, Woolley, S, Foden, P, Burns, K, Yorke, J, et al. A propective study of the safety of checkpoint inhibitors in older cáncer patients-the ELDERS study. Esmo Open (2021) 6:1–6. doi: 10.1016/j.esmoop.2020.100042

65. Wu, Q, Wang, Q, Tang, X, Xu, R, Zhang, L, Chen, X, et al. Correlation between patients’ age and cáncer immunotherapy efficacy. Oncoimmunology (2019) 8:e1568810. doi: 10.1080/2162402X.2019.1568810

66. Corbaux, P, Maillet, D, Boespflug, A, Locatelli-Sanchez, M, Periez-Muzet, M, Duruisseaux,, et al. Older and younger patients treated with immune checkpoint inhibitors have similar outcomes in real life setting. Eur J Cancer (2019) 1212:192–201. doi: 10.1016/j.ejca.2019.08.027

67. Rhomberg, W, Eiter, H, Hergan, K, and Schneider, B. Inoperable recurrent rectal cáncer: results of a prospective trial with radiation therapy and razoxane. Int J Radiat Oncol Biol Phys (1994) 30:419–25. doi: 10.1016/0360-3016(94)90023-X

68. Lim, L, Chao, M, Shapiro, J, Millar, JL, Kipp, D, Fong, A, et al. Long-term outcomes of patients with locally advanced rectal cáncer treated with chemoradiation or radiotherapy alone because of medical inoperability or patient refusal. Dis Colon Rect (2007) 50:2032–9. doi: 10.1007/s10350-007-9062-x

69. Overgaard, M, Bertelsen, K, Dalmark, M, Gaderberg, CC, von den Maase, S, Overgaard, J, et al. A randomized feasibility study evaluating the effect of radiotherapy alone or combined with 5-fluorouracil in the treatment of locally recurrent or inoperable colorectal carcinoma. Acta Oncol (1993) 32:547–53. doi: 10.3109/02841869309096116

70. Gerard, J, Chapet, O, Ramaioli, A, and Romestaing, P. Long-term control of T2-T3 rectal adenocarcinoma with radiotherapy alone. Int J Radiat Oncol Biol Phys (2002) 54:142–23 149. doi: 10.1016/S0360-3016(02)02879-1

71. Maingon, P, Guerif, S, Darsouni, R, Salas, S, Barillot, I, D’Hombres, A, et al. Conservative management of rectal adenocarcinoma by radiotherapy. Int J Radiat Oncol Biol Phys (1998) 40:1077–85. doi: 10.1016/S0360-3016(97)00948-6

72. Hoskin, PJ, de Canha, SM, Bownes, P, Bryant, L, and Jones, RB. High dose rate afterloading intraluminal brachytherapy for advanced inoperable rectal carcinoma. Radiother Oncol (2004) 73:195–8. doi: 10.1016/j.radonc.2004.06.004

73. Corner, C, Bryant, L, Chapman, C, Glynne-Jones, R, and Hoskin, PJ. High dose afterloading intraluminal brachytherapy for advanced inoperable rectal carcinoma. Brachytherapy (2010) 9:66–70. doi: 10.1016/j.brachy.2009.07.004

74. Rijkmans, EC, Cats, A, Nout, RA, van den Bongard, DHJG, Ketelaaars, M, Buijsen, J, et al. Endorectal brachytherapy boost after external beam radiation therapy in elderly or medically inoperable patients with rectal cáncer: Primary outcome of the phase 1 HERBERT study. Int J Radiat Oncol Biol Phys (2017) 98:908–17. doi: 10.1016/j.ijrobp.2017.01.033

75. Wang, Y, Cummings, B, Catton, P, Dawson, L, Kim, J, Ringash, J, et al. Primary radical external beam radiotherapy of rectal adenocarcinoma. Radiother Oncol (2005) 77:126–32. doi: 10.1016/j.radonc.2005.09.001

76. Fleischmann, M, Diefenhardt, M, Trommel, M, Scherf, C, Ramm, U, Chatzikostantinou, M, et al. Image-guided high dose rate brachytherapy for rectal cáncer: Technical note and first clinical experience on an organ preserving approach. Strahlenther Onkol (2022) 198:654–62. doi: 10.1007/s00066-022-01931-4

77. Garant, A, Magnant, S, Devic, S, Martin, A, Boutros, M, Vasilevsky, C, et al. Image guided adapted endorectal brachytherapy in the nonoperative management of patients with rectal cáncer. Int J Radiat Oncol Biol Phys (2019) 105:1005–11. doi: 10.1016/j.ijrobp.2019.08.042

78. Koukourakis, MI, Giatromanolaki, A, Sheldon, H, Buffa, FM, Kouklakis, G, Ragoussis, I, et al. Phase I/II trial of bevacizumab and radiotherapy for locally advanced inoperable colorectal cáncer: vasculature independent radiosensitizing effect of bevacizumab. Clin Cancer Res (2009) 15:7069–70-75. doi: 10.1158/1078-0432.CCR-09-0688

79. Youssief, AA, Gamal, DA, El-Naggar, MS, Zarzor, MA, Refaat, A, and Ahmed, S. Could concurrent capecitabine with hypofractionated radiotherapy in elderly patients with muscle invasive bladder cáncer be an option? Asian Pac J Cancer Prev (2022) 23:1733–40. doi: 10.31557/APJCP.2022.23.5.1733

80. Tang, Y, Liu, W, Jin, J, Zhang, H, Yang, L, Ren, H, et al. Preoperative chemoradiation with capecitabine for rectal cáncer in elderly patients: a phase I trial. Int J Colorect Dis (2016) 31:1547–9. doi: 10.1007/s00384-016-2577-7

81. Nguyen, NP, Ceizyk, M, Vock, J, Vos, P, Chi, A, Vinh-Hung, V, et al. Feasibility of image-guided radiotherapy for elderly patients with locally advanced rectal cáncer. PloS One (2013) 8:e71250. doi: 10.1371/journal.pone.0071250

82. Bisset, ES, and Howlet, SE. The biology of frailty in humans and animals: understanding frailty and promoting translation. Aging Med (2019) 2:27–34. doi: 10.1002/agm2.12058

83. Ethun, CG, Bilen, MA, Jani, AB, Maithel, SK, Ogan, K, and Master, VA. Frailty and cáncer: implication for oncology surgery, medical oncology, and radiation oncology. CA Cancer J Clin (2017) 67:362–77. doi: 10.3322/caac.21406

84. Ho, Y, Tang, W, Chen, S, Lee, S, Chen, J, Hung, Y, et al. Association of frailty and chemotherapy-related adverse outcomes in geriatric patients with cáncer: a pilot observational study in Taiwan. Aging (2021) 13:24192–204. doi: 10.18632/aging.203673

85. Takahashi, M, Takahashi, M, Komine, K, Yamada, H, Kasahara, Y, Chikamatsu, S, et al. The G8 screening tool enhances prognostic value to ECOG performance status in elderly cáncer patients: a retrospective, single institution study. PloS One (2017) 12:e0179694. doi: 10.1371/journal.pone.0179694

86. Bellera, CA, Rainfray, M, Mathoulin-Pelissier, S, Mertens, C, Delva, F, Fonck, A, et al. Screening older cáncer patients: First evaluation of the G8 screening tool. Ann Oncol (2012) 23:2166–72. doi: 10.1093/annonc/mdr587

87. Popescu, T, Karlsson, U, Vinh-Hung, V, Trigo, L, Thariat, J, Vuong, T, et al. Challenges facing radiation oncologists in the management of older cancer patients: Consensus of the International Geriatric Radiotherapy Group. Cancers (2019) 11:271. doi: 10.3390/cancers11030371

88. Nguyen, NP, Vinh-Hung, V, Baumert, B, Zamagni, A, Arenas, M, Motta, M, et al. Older cancer patients during the COVID-19 epidemic: Practice proposal of the International Geriatric Radiotherapy Group. Cancers (2020) 12:1287. doi: 10.3390/cancers12051287




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 Nguyen, Mohammadianpanah, SunMyint, Page, Vinh-Hung, Gorobets, Arenas, Mazibuko, Giap, Vasileiou, Dutheil, Tuscano, Karlsson, Dahbi, Natoli, Li, Kim, Oboite, Oboite, Bose and Vuong. 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/fonc.2024.1325610_cover.jpg
& frontiers | Frontiers in Oncology

Immunotherapy and radiotherapy for older
patients with locally advanced rectal cancer
unfit for surgery or decline surgery: a
practical proposal by the International
Geriatric Radiotherapy Group





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Immunotherapy and radiotherapy for older patients with locally advanced rectal cancer unfit for surgery or decline surgery: a practical proposal by the International Geriatric Radiotherapy Group

      

        		

          Introduction

        



        		

          Prevalence of program death ligand 1 (PD-L1) in patients with colorectal cancer

        



        		

          Modulation of PD-L1 in patients with rectal cancer

        



        		

          Effectiveness of immunotherapy in rectal cancer patients with MMR-D/MSI-H status

        



        		

          Efficacy of immunotherapy among older cancer patients

        



        		

          The role of radiotherapy for older and frail patients with cancer who are unable to undergo surgery or decline surgery

        



        		

          The potential role of chemoradiation and immunotherapy to improve response rate in locally advanced rectal cancer and in particular among MMR-P tumor

        



        		

          Evaluation of frailty in older patients with cancer

        



        		

          Proposed IGRG algorithm for older patients with locally advanced rectal cancer

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Patient No

Treatment

Before

Boustani et al. (47)

Hecht et al. (48)
Chiang et al. (49)
Tayshetye et al. (50)

Ogura et al. (51)

RT, radiotherapy.

74

199

104

40

RT alone (n=44)

Chemoradiation
(n=29)

Chemoradiation
Chemoradiation
Chemoradiation

Chemoradiation

15%

2.1%

51%

10%

31.7%

50%

7.8% t0 9.3%

64%

19%

49.2%





OEBPS/Images/table4.jpg
Biomarker Clinical status

status

Frail
MMR-D/MSI-H Immunotherapy Immunotherapy
MMR-P/MSS ChemoRT RT+Immunotherapy
+Immunotherapy

MMR-D, mismatch repair deficient; MSI-H, microsatellite instability high; MMR-P,
mismatch repair proficient; MSS, microsatellite stable; chemoRT, chemoradiation.





OEBPS/Images/table3.jpg
Patient No

Immunotherapy Complete response rate

Cercek et al. (18)
Pei et al. (57)
Chalabi et al. (58)
Xiao et al. (59)
Zhang et al. (60)

Yang et al. (61)

Kothari et al. (62)

12
11
20
73
(no surgery in 17)
32
(no surgery in 3)
20
(no surgery in 7)

9

Clinical Pathological
Dostarlimab 100%
Sintilimab 90%
Ipilimumab+nivolumab 100%
PD-1 inhibitor 100% 57%
PD-1 inhibitor 100% 100%
PD-1 inhibitor 100% 84%
Pembrolizumab 88%
Nivolumab

MMR-D, mismatch repair deficient; MSI-H, microsatellite instability high; No, number.






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/table1.jpg
Patient No PD-L1 MSI status

expression
Valentini et al. (20) 63 25% 75%
Peng et al. (21) 233 23.6% NS
Choi et al. (22) 138 73.9% 75.3%
Calik et al. (23) 157 45.8% NS
Lee et al. (24) 394 5% 63%
Li et al. (25) 632 46.9% 34.6%
Watson et al. (26) 149 7% NS
Bertnsson et al. (27) 526 56.7% 19.9%
Rosenbaum et al. (28) 181 9% no correlation
Chi et al. (29) 236 12.7% 30%
Ho et al. (30) 238 5.4% 5.6%
Moller et al. (31) 1800 5.1% 18.6%
Kim et al. (32) 208 12.5% 100%

PD-L1, program death ligand 1; MSI, microsatellite instability; NS, not specified.





