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Targeted drug therapy plays an important role in the clinical application of non-small cell lung cancer, especially adenocarcinoma. However, for patients with advanced disease, drug resistance after targeted therapy, unclear target, and other reasons that cannot or do not want surgery, the combination of chemotherapy, radiotherapy, immunity, etc. is often used. The synergistic effect of targeted drugs and radiotherapy in non-small cell lung cancer has shown good clinical efficacy. This article reviews the clinical progress of targeted drug therapy combined with radiotherapy in advanced non-small cell lung cancer in recent years, in order to provide new ideas for further clinical research of this treatment mode.
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1 Introduction

The mortality rate of lung cancer ranks first in the world and is the main cause of cancer death worldwide (1). According to the data released by the National Cancer Center, the incidence rate and mortality of lung cancer in China are on the rise (2). Lung cancer can be roughly divided into non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), with NSCLC accounting for approximately 80% to 85%. Since most patients are already in advanced stage (stage III or IV) when they are diagnosed, targeted therapy becomes a good choice for patients who are unwilling or unable to undergo surgery (3, 4). Targeted therapy mainly uses targeted drugs to interfere with or block specific genes, proteins or molecules that drive the occurrence and development of cancer, promote tumor cell apoptosis, and prevent cancer cell growth.

At present, NSCLC targets have been found, including epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), receptor tyrosine kinase ROS proto-oncogene 1 (ROS1) and Kirsten rat sarcoma virus oncogene (KRAS). A series of targeted drugs have been developed for different targets, such as small molecule tyrosine kinase inhibitor (TKI), monoclonal antibodies and anti-angiogenic drugs (5). Targeted therapy can improve the prognosis of NSCLC patients with or without driving mutations, with advantages such as low side effects, high accuracy, and convenient medication. However, unpredictable drug resistance limits its clinical efficacy (6). For patients with drug resistance, in addition to using new generation inhibitors or combination therapy, radiotherapy may also overcome or delay targeted drug resistance (7–10). Radiotherapy, as a palliative treatment for patients with late stage recurrent and metastatic tumors, has a wide range of applications, accurate ejaculation, and relatively small side effects. However, it is also affected by the radiosensitivity of tumor cells, and some targeted drugs can serve as radiosensitizers to improve the efficacy of radiotherapy (11–14). The synergistic effect between targeted drugs and radiotherapy makes it possible for the combination of targeted drugs and radiotherapy to achieve ideal therapeutic effects, improving patient quality of life while reducing adverse reactions.

This article reviews the clinical progress of targeted drug therapy combined with radiotherapy in advanced non-small cell lung cancer in recent years, in order to provide new ideas for further clinical research of this treatment mode.




2 EGFR-TKI combined with radiotherapy



2.1 First generation EGFR-TKI

The first generation of EGFR-TKI includes Gefitinib, Erlotinib, Icotinib, etc. Compared with single drug first-line treatment or simultaneous radiotherapy and chemotherapy, EGFR-TKI combined with radiotherapy can bring better survival benefits to patients with advanced NSCLC, especially patients with EGFR susceptibility mutation (Table 1).


Table 1 | Clinical study of the first generation EGFR-TKI combined with radiotherapy for EGFR mutated NSCLC.



For locally advanced NSCLC patients with EGFR sensitive mutations, EGFR-TKI combined with radiotherapy has demonstrated excellent clinical efficacy and safety. A multi-institution single arm phase II trial showed that the median progression free survival (PFS) of Gefitinib (250mg/d) combined with chest radiation therapy for locally advanced NSCLC patients with EGFR sensitive mutations was 18.6 months, the objective response rate (ORR) was 81.5%, and the overall survival (OS) was 61.1 months. The 2-year PFS rates analyzed by Wilson’s method and Kaplan Meier’s method were 29.6% and 33.3%, respectively. The incidence of grade 1 or grade 2 pneumonia was 59% and 30%, and there was no occurrence of grade 3 or above radiation pneumonia (15). The retrospective study conducted by Xu et al. and a single arm phase II experiment both yielded similar results (16, 17). On the basis of Gefitinib (250mg/d) combined with radiotherapy, synchronous chemotherapy can further improve the survival rate of locally advanced NSCLC patients with EGFR sensitive mutations. In a prospective phase II trial (LOGIK0902/OLCSG0905) (18), the 2-year OS rate of Gefitinib combined with concurrent radiotherapy and chemotherapy was 90.0%, and the 1-year and 2-year PFS rates were 58.1% and 36.9%, respectively. Throughout the treatment phase, the ORR was 85%, and no radiation pneumonia of grade 3 or above was observed. Meanwhile, compared to synchronous radiotherapy and chemotherapy, EGFR-TKI combined with radiotherapy has a better effect. In a multicenter phase II trial (19), the median PFS of Erlotinib synchronous radiotherapy was 15.5 months longer than synchronous radiotherapy and chemotherapy (24.5 months vs 9.0 months, hazard ratio [HR]=0.104, P<0.001), with significant survival benefits and an increase in ORR (70% vs 61.9%). The incidence of adverse events (AE) was similar in both groups (88.9% and 84.2%), and safety was controllable.

For patients with stage IV NSCLC carrying EGFR active mutations, a single arm phase II clinical trial (NCT02353741) showed that patients received EGFR-TKI (Erlotinib 150mg/d or Gefitinib 250mg/d) and chest radiotherapy (54-60Gy/27-30 F/5.5-6 weeks) within 2 weeks after starting EGFR-TKI treatment, with a 1-year PFS rate of 57.1% and a median PFS of 13 months, both higher than Erlotinib monotherapy (43% and 11 months). The median time to progression (TTP) of radiation disease is 20.5 months; ORR is 50%; disease control rate (DCR) is 100%; and toxicity is acceptable (10% of patients develop rash; 20% of patients develop radiation pneumonia) (20). A retrospective study reached similar conclusions and also found that patients receiving stereotactic body radiation therapy (SBRT) had better OS compared to three-dimensional conformal radiotherapy (46 months vs 26 months, P=0.05) (21). A prospective phase II Randomized controlled trial (NCT03595644) using SBRT combined with EGFR-TKI found that compared with EGFR-TKI alone, it prolonged the PFS (17.6 months vs 9.0 months, HR=0.52, P=0.016) and OS (33.6 months vs 23.2 months, HR=0.53, P=0.026) of patients, and reduced the incidence of grade 2 AE (45.2% vs 50%). And SBRT combined with EGFR-TKI did not observe toxicity of level 3 or above, and the safety is controllable (22). The clinical trial conducted by Wei et al. (23) on the timing of radiotherapy for advanced non oligometastatic NSCLC patients with EGFR mutations treated with EGFR-TKI combined with SBRT showed that primary tumor SBRT treatment at EGFR-TKI maximum remission was significantly better than primary tumor SBRT treatment after oligo progression, significantly improving PFS (22.3 months vs 12.9 months, P=0.0031), and there was no significant difference in median OS (46.6 months vs 51.3 months, P=0.54), There is no toxicity level 3 or above, and the safety is controllable.

For NCSLC patients with EGFR mutations and minimal metastasis, EGFR-TKI combined with radiotherapy also demonstrated encouraging clinical results. A phase III clinical SINDAS trial in China (NCT02893332) (24) enrolled 133 patients, including 65 patients receiving only EGFR-TKI treatment and 68 patients receiving EGFR-TKI combined radiation therapy. All patients received Gefitinib (250 mg once daily), Erlotinib (150 mg once daily), or Icotinib (25 mg three times daily) at a radiation dose of 25-40Gy/5f, EGFR-TKI combined with radiotherapy extended the median PFS by 7.7 months (12.5 months vs 20.2 months, HR=0.22, P<0.001) and median OS by 7.9 months (17.6 months vs 25.5 months, HR=0.44, P<0.001) compared to EGFR-TKI alone. The 6-month PFS of the two groups were 95.2% and 99.1%, respectively. In the EGFR-TKI combined radiotherapy group, there was no grade 5 AE, and only 7.4% of patients developed grade 3-4 pneumonia, with controllable safety.

For NSCLC patients with two or more brain metastases, the efficacy of EGFR-TKI combined with radiotherapy is not significant. A multicenter phase III clinical trial in China, ENTER (NCT01887795) (25), randomly assigned 224 individuals (1:1) to either the whole brain radiotherapy (WBRT) group alone (n=115) or the WBRT combined with Erlotinib group (n=109). The intracranial PFS of the two groups was 12.8 months and 14.6 months, respectively, with PFS of 6.4 months and 8.8 months, and OS of 16.9 months and 17.5 months. Although Erlotinib combined with WBRT did not significantly improve intracranial PFS, PSF, and OS in patients, it was safe, controllable, and well tolerated.




2.2 Second generation EGFR-TKI

In recent years, there are few reports on the second-generation EGFR-TKI combined with radiotherapy in the treatment of advanced NSCLC, mainly Afatinib.

A study found that Afatinib can enhance the radiosensitivity of NSCLC cells by regulating the sensitivity of cells to apoptosis (26). A retrospective study showed that (27), for NSCLC patients with EGFR mutations and brain metastases, there was no significant difference in OS between first-line Afatinib treated with brain radiation therapy (GKS or WBRT) and Afatinib alone (35.6 months vs 31.4 months, P=0.58), which was similar to the results of another previous retrospective study on Afatinib combined with WBRT compared with Afatinib alone in patients with brain metastasis of EGFR mutant lung adenocarcinoma (28). However, compared to first-line Gefitinib or Erlotinib alone, combined with brain radiation therapy significantly improved OS (41.1 months vs 25.8 months, P=0.02) (27). From this, it can be seen that Afatinib combined with brain radiation therapy may replace the first-generation EGFR-TKI single drug first-line treatment and become a new choice for NSCLC patients with EGFR mutations and brain metastases. In another retrospective study, Afatinib combined with stereotactic radiosurgery (SRS) can significantly improve the OS of patients with EGFR mutant NSCLC (lung mol GPA ≥ 3) with brain metastasis (29). In conclusion, the efficacy of Afatinib combined with intracranial radiotherapy needs to be further verified by special clinical trials.




2.3 Third generation EGFR-TKI

The third generation EGFR-TKI includes Osimertinib, Lazertinib, and Aumolertinib.

There is currently controversy over the efficacy of Osimertinib combined with brain radiotherapy in the treatment of NSCLC patients with EGFR mutations and brain metastases. A retrospective study showed that the combination of Osimertinib treatment and brain radiation therapy did not significantly improve patient survival. Compared with Osimertinib treatment alone, there was no significant difference in patient progression time (8.5 months vs 6.9 months, P=0.13), intracranial progression time (14.8 months vs 20.5 months, P=0.51), and TTF (13.8 months vs 8.6 months, P=0.26) (30). Another retrospective analysis showed encouraging results, which found that brain radiation therapy before disease progression to Osimertinib treatment can prolong intracranial progression time and demonstrate excellent PFS and OS (31). It can be seen that the clinical efficacy of this treatment mode requires further validation through prospective clinical trials. The efficacy of Osimertinib combined with radiotherapy varies depending on the type of EGFR mutation in NSCLC patients. A retrospective study showed that the combination of Osimertinib and brain radiation therapy can bring survival benefits to L858R mutation patients (median OS was 18.8 months and 29.9 months, respectively), but for 19DEL mutation patients, Osimertinib combined with radiation therapy is less effective than Osimertinib alone. It is worth noting that combination therapy may lead to white matter encephalopathy (32). To evaluate the clinical efficacy and safety of Osimertinib after radiotherapy and chemotherapy in locally advanced NSCLC patients with positive EGFR mutations, Lu et al. (33) conducted a global multicenter phase III LAURA trial (NCT03521154), which is currently ongoing.

The efficacy of Lazertinib combined with radiotherapy is not yet known, and two clinical trials are currently being conducted in South Korea, and the results may provide valuable information for clinical research. A prospective multicenter single arm phase II clinical trial (NCT05338619) was conducted to evaluate the clinical efficacy and safety of Lazertinib as consolidation therapy for unresectable EGFR mutated positive NSCLC patients after synchronous radiotherapy and chemotherapy (34). Another multicenter dual arm phase II trial (NCT05167851) aims to investigate the clinical efficacy and safety of Lazertinib combined with early local ablation radiotherapy in patients with EGFR mutated NSCLC with simultaneous oligometastatic disease (35). Both trials targeted EGFR mutation positive patients, while there is currently no research on the effectiveness of Lazertinib combined with radiotherapy for negative patients.

Similarly, the efficacy of Aumolertinib combined with radiotherapy in advanced NSCLC patients is not yet clear. To investigate the safety of Aumolertinib combined with radiotherapy for locally advanced NSCLC patients with EGFR mutations, Zhu et al. (36) conducted a multicenter phase II study (NCT04636593), and the results are expected.

In conclusion, EGFR-TKI combined with radiotherapy has great potential in the treatment of advanced NSCLC, while for the incidence of radiation pneumonia in patients with advanced Adenocarcinoma of the lung treated by the first generation, second generation or third generation EGFR-TKI combined with chest radiotherapy, a study made a clinical and imaging comparison, and found that the incidence of radiation pneumonia in the first generation or third generation EGFR-TKI combined with chest radiotherapy was lower than that in the second generation EGFR-TKI combined with chest radiotherapy. The overall incidence of clinical radiation pneumonia in the three groups was 29%, 48%, and 28%, respectively (P=0.043), while the overall incidence of imaging radiation pneumonia was 33%, 58%, and 36%, respectively (P=0.010) (37). Another retrospective study compared the incidence of grade 2 and above radiation pneumonia in first-generation EGFR-TKI (Gefitinib, Erlotinib, and Icotinib) synchronous chest radiotherapy. It was found that although the incidence of ≥ grade 2 radiation pneumonia was higher than that of synchronous radiotherapy and chemotherapy, the use of Icotinib, ipsilateral lung V30 ≤ 34%, or EGFR-TKI overlapping with chest radiotherapy for ≤ 20 days can be reduced (38). Although the optimal timing of EGFR-TKI combined with radiotherapy is not yet clear, and the specific treatment plan still needs to be optimized according to the patient’s own situation, it is worth noting that early radiotherapy for the primary tumor in the process of combined treatment will have better curative effect and is more likely to improve the prognosis of NCSLC patients.





3 ALK/ROS1-TKI combined with radiotherapy

Crizotinib and Lorlatinib belong to multi-target TKIs, which can effectively target tumours with ALK or ROS1 gene fusion mutations. For untreated patients with ALK positive NSCLC, the efficacy of Lorlatinib is more durable and significant than Crizotinib. In the crown phase 3 study, the 3-year PFS was 64% and 19%, respectively (39). Lorlatinib also showed good intracranial activity in patients with ros1 rearranged NSCLC who developed CNS progression after Crizotinib treatment (40). At present, the efficacy of ALK/ROS1-TKI combined with radiotherapy is not clear, and most of them are for NSCLC patients with brain metastasis. In the Alex study, the efficacy of Crizotinib in patients with ALK positive NSCLC who received previous radiotherapy was better than that of untreated patients, and the ORR of the central nervous system was 71.4% and 40.0%, respectively. The same was true for Alectinib (a highly effective and selective ALK-TKI), which was higher than Crizotinib, and the ORR of the central nervous system was 85.7% and 78.6%, respectively (41). Tae684 is a specific ALK-TKI. A German study found for the first time that tae684 can effectively and selectively enhance the anti-proliferative and pro apoptotic effects of photon/carbon ion radiotherapy on ALK positive NSCLC (42). This result is gratifying and lays a foundation for clinical trials, which is worthy of further study. The AE produced by combination therapy cannot be ignored. Different from the previous sequential administration, a Japanese team administered ALK-TKI (Crizotinib/Alectinib/Ceritinib) and WBRT simultaneously to patients with brain metastasis of ALK rearranged NSCLC for the first time, and found that this method may cause serious ototoxicity (43).




4 KRAS inhibitor combined with radiotherapy

In recent years, breakthrough progress has been made in targeted drug research for KRAS mutations. Sotorasib and Adagrasib have broken the claim that KRAS is a “ no drug” target, bringing good news to KRAS mutated tumor patients.

For KRAS G12C mutant NSCLC patients who have previously received chemotherapy or immune checkpoint inhibitors, the use of Sotorasib in the CodeBreakK 200 study showed significant survival benefits compared to standard treatment (Docetaxel), with median PFS of 4.5 months and 5.6 months, respectively (p=0.0017) (44). In the KRYSTAL-1 Phase 1-2 study, the median PFS and median OS of Adagrasib treatment in these patients were 6.5 months and 12.6 months respectively, and the efficacy was also surprising (45). It is worth noting that there are currently no clinical studies on the combination of KRAS inhibitors and radiotherapy for the treatment of NSCLC. However, in the KRAS mutated mouse model, the use of Sotorasib can reduce the increased expression of radiation induced programmed death ligand 1, demonstrating encouraging anti-tumor activity (46). From this, it can be seen that for patients with advanced NSCLC, KRAS inhibitors combined with radiotherapy is a promising strategy that deserves further clinical research.




5 MEK inhibitors combined with radiotherapy

MEK protein is a mitogen activated extracellular signal-regulated kinase that participates in the regulation of numerous processes such as cell proliferation, differentiation, metabolism, and apoptosis. The RAS/RAF/MEK/ERK signaling pathway is overexpressed or mutated in many malignant tumors, while MEK inhibitors can block tumor cell proliferation and induce cell death by inhibiting downstream signaling (47). Currently, research on the combination of MEK inhibitors and radiotherapy in advanced NSCLC patients is mainly focused on Trametinib and Selumetinib. Some studies have found that (46), MEK inhibitors combined with radiotherapy can increase the expression of major histocompatibility complex class I on the surface of tumor cells, activate anti-cancer immunity in vivo, improve the ability of T cells to recognize and kill cancer cells, so as to achieve better anti-tumor effect.

In the Phase I clinical trial (NCT01912625), the combination of Trametinib and synchronous radiotherapy and chemotherapy showed good clinical efficacy (48). For non-metastatic locally advanced NSCLC patients with KRAS mutations, the median PFS and median OS of Trametinib (1.5mg) combined with concurrent radiotherapy and chemotherapy were 11 months and 38 months, respectively, with controllable safety. The results of Selumetinib combined with radiotherapy were opposite. In a single arm, single center phase I trial (NCT01146756), Selumetinib combined with chest radiotherapy was used to treat stage III or stage IV NSCLC patients with chest symptoms. Patients had poor prognosis and severe lymphocyte depletion, with PFS of 23.8% and 9.5% at one year and two years, respectively, and median OS and PSF of 9.7 and 6.9 months, respectively (49).

The combination of Trametinib and synchronous radiotherapy and chemotherapy has achieved good results in the treatment of advanced NSCLC, but for patients who are not suitable for synchronous radiotherapy and chemotherapy, the results of Selumetinib combined radiotherapy are not satisfactory. The efficacy and safety of Trametinib combined radiotherapy still need further clinical trials to verify.




6 Monoclonal antibody combined with radiotherapy

Nimotuzumab and Cetuximab are humanized IgG1 monoclonal EGFR antibodies. Nimotuzumab combined with concurrent radiotherapy and chemotherapy shows excellent clinical efficacy in the treatment of advanced NSCLC, especially squamous cell lung cancer, while Cetuximab combined with concurrent radiotherapy and chemotherapy will show different results due to different chemotherapy drugs. It is worth noting that the current research focuses on patients with unresectable locally advanced NSCLC.



6.1 Nimotuzumab

In the Japanese multicenter single arm phase II trial (JapicCTI-090825), Nimotuzumab combined with synchronous radiotherapy and chemotherapy for unresectable locally advanced NSCLC patients had a treatment completion rate of 87.2%, an ORR of 69.2%, good tolerance, no rash or radiation pneumonia of grade 3 or above, a median PFS of 508 days, and a 5-year PFS rate and OS rate of 29% and 58.4%, respectively, demonstrating excellent clinical efficacy, Especially in patients with squamous cell lung cancer (with a 5-year PFS rate of 50%) (50). In a prospective phase II randomized trial, Qiu et al. evaluated the impact of adding Nimotuzumab during synchronous radiotherapy and chemotherapy on clinical outcomes in squamous cell lung cancer. The study found that compared with synchronous radiotherapy and chemotherapy alone, there was no significant difference in median OS (24.9 months vs 23.5 months) and median PFS (12.1 months vs 13.7 months), but Nimotuzumab combined with synchronous radiotherapy and chemotherapy showed good tolerance and reduced risk of brain metastasis (51).




6.2 Cetuximab

For unresectable stage III NSCLC patients, the RTOG 0617 study showed that adding Cetuximab to standard radiation dose (60Gy) synchronous chemotherapy (carboplatin and paclitaxel) did not bring survival benefits. The median OS with or without Cetuximab was 2 years, with a 5-year OS rate of 32.1% (52). However, another phase II trial (IFCT-0803) showed that Cetuximab combined with concurrent radiotherapy and chemotherapy (cisplatin and pemetrexed) was feasible and clinically active, with an ORR of 90.5% at week 16, one-year and two-year survival rates of 75.8% and 59.5%, respectively. The median OS was 35.8 months, the median PFS was 14.4 months, and the one-year and two-year PFS were 57.6% and 34.3%, respectively (53). It can be seen that the clinical efficacy of Cetuximab combined with synchronous radiotherapy and chemotherapy is still unclear.





7 Antiangiogenic drugs combined with radiotherapy



7.1 Recombinant human endostatin

Recombinant human endostatin (Rh-endostatin) is a novel anti angiogenic drug developed in China. Some studies have shown that Rh-endostatin can reduce the increased CXCR4 expression involved in the recruitment of Tumor-associated macrophage due to radiotherapy, promote the normalization of tumor blood vessels, and thus enhance the radiotherapy effect (54). A series of clinical studies have been conducted on Rh-endostatin combined with radiotherapy in advanced NSCLC (Table 2).


Table 2 | Clinical study of Rh-endostatin combined with radiotherapy in advanced NSCLC.



For unresectable patients with advanced NSCLC, a retrospective study showed that compared with radiotherapy alone, Rh-endostatin combined with radiotherapy reduced the recurrence rate of radiation pneumonia, mortality rate of radiation pneumonia and Pulmonary fibrosis rate, improved the median PFS by 3.6 months (8.0 months vs 4.4 months, HR=0.53, P=0.019), and significantly prolonged the median OS, which was 40.0 months vs 13.1 months (HR=0.53, P=0.045) (55). The combination of Rh-endostatin and radiotherapy and chemotherapy also achieved good results. The prospective Phase II HELPER trial showed that although continuous intravenous injection of Rh-endostatin combined with synchronous radiotherapy and chemotherapy did not significantly prolong the median PFS (12 months vs 13.3 months), it achieved better OS (34.7 months) and good distant metastasis free survival (41.7 months), with the hope of achieving 2-year PFS and tolerable toxicity (56). In addition, different Route of administration of Rh-endostatin may also affect the efficacy and safety of locally advanced NSCLC patients. A study compared the NCT01218594 and NCT01733589 trials and found that when Rh-endostatin was combined with synchronous radiotherapy and chemotherapy, continuous intravenous pumping achieved better survival rates than intravenous injection. The median PFS was 15.4 months and 9.9 months (HR=0.751, P=0.200), the median OS was 38.5 months and 24.0 months (HR=0.746, P=0.209), and the five-year PFS and OS rates were 27.7% vs 18.3% and 41.0% vs 31.1%, respectively. Moreover, it has reduced the incidence of adverse blood reactions (such as leukopenia, lymphopenia, etc.) (57).

In addition, Rh-endostatin combined with radiotherapy can also significantly improve the survival rate of NSCLC patients with brain metastases. In the Randomized controlled trial (NCT03614065) carried out by Chen et al. (58), 43 NSCLC patients with brain metastases were randomized to receive Rh-endostatin combined with WBRT (n=19) and WBRT alone (n=24). The median PFS of the two groups were 8.1 months and 4.9 months, the intracranial PFS were 11.6 months and 4.8 months, and the OS were 14.2 months and 6.4 months, respectively. There were no severe AEs observed in the experiment, and most AEs were well tolerated.




7.2 Anlotinib

Anlotinib is a new multi target Tyrosine kinase inhibitor, targeting Vascular endothelial growth factor receptor (VEFGR) 2 and 3, Fibroblast growth factor receptor factor receptor 1-4, and platelet-derived growth factor receptor α and β,C-Kit and Ret, thereby inhibiting tumor growth and angiogenesis (59). Studies have found that Anlotinib activates cGAS/STING signals in NSCLC, promoting the infiltration and activation of CD8+T cells stimulated by ionizing radiation, thereby enhancing radiation sensitivity (60). Anlotinib combined with radiotherapy conducted a series of clinical studies (Table 3).


Table 3 | Clinical study of Anlotinib combined with radiotherapy in advanced NSCLC.



Wang et al. (61) carried out a retrospective Cohort study to explore the efficacy and safety of Anlotinib combined with stereotactic radiosurgery (SRS) in the treatment of brain metastases from non-small cell lung cancer. 46 patients with brain metastases from NSCLC were divided into a combined treatment group (n=21) and a single SRS group (n=25) according to the different treatment methods, and found that the combined treatment showed gratifying results, The remission rate of intracranial hypertension was higher in the SRS group alone (71.4% vs 12.0%, P<0.001), while the incidence of radiation induced brain necrosis was lower in the SRS group alone (3% vs 20%, P=0.030). The intracranial PFS of the two groups was 13.9 ± 2.4 months and 11.4 ± 1.8 months, respectively (P<0.001). The incidence of drug-related adverse reactions in the combination therapy group was 9.5%, and the safety was controllable. For patients with NSCLC brain metastasis without driver mutations, a retrospective analysis found that the combination of Anlotinib and brain radiation therapy can improve the survival rate of NSCLC patients. Compared with brain radiation therapy alone, the combination therapy prolonged the patient’s intracranial PFS (3.0 months vs 11.0 months, P=0.048) (62). A single arm phase II study (ChiCTR 1900027769) further validated the above results. Anlotinib combined with WBRT showed good clinical efficacy and tolerability in NSCLC patients without driver mutations and with multiple brain metastases. Intracranial PFS and OS were 10.3 months and 13.4 months, respectively. DCR for intracerebral and extracerebral lesions were 90.5% and 81.0%, respectively, and no severe AE occurred (63).

From this, it can be seen that Anlotinib combined with brain radiotherapy (SRS or WBRT) can bring significant survival benefits to NSCLC patients with brain metastasis, providing an additional clinical option for patients who cannot receive concurrent radiotherapy and chemotherapy.




7.3 Apatinib

Apatinib is a Tyrosine kinase inhibitor that can selectively inhibit VEGFR-2. A study found that low-dose Apatinib (60mg/kg) can promote the normalization of tumor blood vessels and significantly relieve intratumoral hypoxia, thereby enhancing the radiosensitivity of Lewis lung cancer xenograft mice (64). In addition, Apatinib can also enhance radiosensitivity by inhibiting DNA double strand break repair caused by radiation and downregulating AKT and ERK signaling in NSCLC cells (65). The combination of Apatinib and WBRT in the treatment of symptomatic NSCLC patients with multiple brain metastases and peritumoral brain edema resulted in an intracranial ORR of 84.6% and a median intracranial PFS of 6.97 months, both of which were superior to chemotherapy combined with WBRT (intracranial ORR of 47.6% and median intracranial PFS of 4.77 months). No grade 3 or 4 AE was observed, indicating good tolerance and controllable safety. But the median OS of the two groups was similar, at 7.70 months and 6.67 months, respectively (66). This study has certain limitations due to its small sample size and retrospective characteristics. The multi-center Phase II open Randomized controlled trial (NCT03801200) carried out by Ma et al. is in progress, and its results may verify the above conclusions and expand the treatment options of this population (67).





8 Conclusion

Non-small cell lung cancer has entered the era of precision treatment, and the targeted combination radiotherapy treatment model has the potential to improve the survival rate of non-small cell lung cancer patients. For locally advanced, advanced, or non-small cell lung cancer with brain metastasis, regardless of whether it has driving mutations, this mode has its therapeutic advantages. However, the selection of targeted drugs, dosage and Route of administration, selection of radiotherapy technology, radiation dose, radiation timing, and toxicity caused by combined treatment are all issues that need to be considered in clinical treatment, and more clinical studies are needed to find appropriate treatment plans. With the in-depth research of targeted drugs and the continuous optimization of radiotherapy technology, Targeted therapy combined with radiotherapy for advanced non-small cell lung cancer can achieve better results, which is expected to improve the prognosis of patients and improve the survival rate of patients. In addition, immunotherapy is emerging, including immune checkpoint inhibitors (such as Ipilimumab, Nivolumab, Durvalumab, Pembrolizumab, Tremelimumab, etc.), cancer vaccines, bispecific antibodies, adoptive cell therapy, etc. combined with targeted drugs or radiotherapy may bring new hope to patients with advanced non-small cell lung cancer, which is worthy of further attention and research.
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