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Introduction

The efficacy of immunotherapy for treatment of patients with oligometastatic non-small cell lung cancer (NSCLC) at different metastatic sites remains controversial. We investigated the effect of different metastatic sites on immunotherapy for oligometastatic NSCLC following local treatment (LT).



Methods

We retrospectively analyzed patients with oligometastatic NSCLC from the latest 2018 registry on the SEER Stat software (8.3.9. Version) and a Chinese single-center cohort. The effects of immunotherapy on OS (overall survival) and CSS (cancer specific survival) were estimated for patients with different metastatic sites.



Results

A total of 483 patients in the SEER-18 database and 344 patients in the single-center cohort were included. Immunotherapy was significantly correlated with improved OS (SEER: Hazard ratio 0.754, 95% CI 0.609–0.932; P=0.044; China: Hazard ratio 0.697, 95% CI 0.542–0.896; P=0.005) and CSS (SEER: Hazard ratio 0.743, 95% CI 0.596–0.928; P=0.009; China: Hazard ratio 0.725, 95% CI 0.556–0.945; P=0.018). Subgroup analysis showed that OS was improved after immunotherapy in the BRM (SEER: Hazard ratio 0.565, 95% CI 0.385–0.829; P=0.004; China: Hazard ratio 0.536, 95% CI 0.312–0.920; P=0.024) and MOM (SEER: Hazard ratio 0.524, 95% CI 0.290–0.947; P=0.032; China: Hazard ratio 0.469, 95% CI 0.235–0.937; P=0.032) subgroups, but not in the BOM (SEER: P=0.334; China: P=0.441), LIM (SEER: P=0.301; China: P=0.357), or OTM (SEER: P=0.868; China: P=0.489) subgroups.



Conclusions

This study showed that immunotherapy conferred survival benefits on patients with oligometastatic NSCLC. Our subgroup analysis suggested that patients with oligometastatic NSCLC in the brain or multiple organs may particularly benefit from aggressive front-line therapies.
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Introduction

Non-small cell lung cancer accounts for 85% of lung cancer and is the leading cause of cancer-related mortality (1). Non-small cell lung cancer is the primary cause of cancer-related death in the world mainly because patients with lung cancer often develop advanced metastases (2). Approximately 25–50% of patients with NSCLC exhibit an oligometastatic status (3). The concept of “oligometastasis” builds on two models of cancer progression: the Halsted model of continuous progression and a systemic model that hypothesizes that disease is a manifestation of extensive systemic clinical involvement (4). Patients with oligometastatic NSCLC may achieve long-term disease control and may even be cured. In retrospective studies, survival in patients with oligometastatic NSCLC had better overall survival (OS) than patients with a large number of metastases (3, 5). Therefore, it is important to investigate selection of treatment for these patients with limited metastatic NSCLC.

A number of previous studies (6–8) on oligometastatic NSCLC have shown that use of local treatment (LT) at all metastatic sites resulted in longer OS and progression-free survival (PFS) than those following palliative treatment. Immunotherapy has become the standard treatment for patients with metastatic NSCLC (9). The KEYNOTE-189 (10) and KEYNOTE-407 (11) studies have shown that pembrolizumab in combination with specific chemotherapy improved OS and PFS in patients with untreated metastatic NSCLC, regardless of PD-L1 expression. Therefore, use of LT combined with immunotherapy for treatment of oligometastatic NSCLC is an area of active investigation.

Joshua M et al (12) reported in a phase II clinical study that pembrolizumab improved PFS in patients with oligometastatic NSCLC after LT. Although this study showed that pembrolizumab could improve the prognosis of patients with oligometastatic NSCLC, this study did not consider the effect of factors such as the location and the number of organs affected by oligometastases on prognosis, and there are no phase III clinical prospective trials focused on oligometastatic NSCLC. Several previous studies have confirmed that the prognosis of patients with oligometastatic NSCLC was closely related to the site and number of metastatic organs (3, 13, 14). Ashworth AB et al (14) reported that prognosis in patients with oligometastatic NSCLC was associated with brain metastasis but did not address the relationship between prognosis and other metastatic sites.

No study has elucidated the effects of immunotherapy in patients with oligometastatic NSCLC at different metastatic sites. Therefore, our goal was to investigate the effect of different metastatic sites on immunotherapy for oligometastatic NSCLC following LT.



Methods


Patient cohort

Patient data were collected from the incidence-SEER 18 registries from the National Cancer Institute SEER Stat software (Version 8.3.9), with additional treatment fields added. According to the third edition of the International Classification of Diseases for Oncology (ICD-O-3) and the AJCC 7th TNM staging of NSCLC, we screened patients who were first primarily diagnosed with malignant tumors of the lung and bronchus with M1b stage in 2010 and 2015. We selected patients with oligometastatic NSCLC based on the time of approval of immunotherapy as the primary treatment (2015), with patients diagnosed in 2010 as a comparison. The inclusion criteria were as follows: 1) patients with metastatic non-small cell lung cancer treated with cancer-directed treatment; 2) no younger than 20 years old. The exclusion criteria were: 1) more than one primary tumor; 2) incomplete data on metastases of the bone, liver, and brain at diagnosis; 3) incomplete treatment and follow-up information; 4) 0 days of survival. The following variables were selected: ID number, age, sex, year of diagnosis, race (white, black, or other), marital status, site recode ICD-0-3, affected side, tissue grade, histology, T stage (AJCC 7th), N stage (AJCC 7th), metastases of the bone, liver, and brain at diagnosis, radiation (radiation or other), chemotherapy (yes or no), surgery information, survival months, COD to site rec KM, vital status record. Patients were divided into five subgroups: BOM (bone metastasis), BRM (brain metastasis), LIM (liver metastasis), MOM (multiple organ metastasis), and OTM (other metastasis). The detailed inclusion and exclusion criteria are summarized in Figure 1.




Figure 1 | Flow diagram of the patient selection process from the SEER Database.



An independent cohort of patients with oligometastatic NSCLC from 2016 to 2019 from Shandong Cancer Hospital in China was used for external validation. These patients met the same inclusion and exclusion criteria as those from the SEER Database.



Statistical analysis

The Pearson chi-squared test was used to compare demographics, pathology, and site of metastasis in patients with or without immunotherapy. We chose 36 months as the cutoff value. Overall survival and CSS were analyzed using the Kaplan–Meier (KM) method via the log-rank test. Univariate and multivariate analyses was performed using the Cox proportional hazards risk model. Variables that were significantly associated with survival in the univariate analysis were included in the multivariate Cox analysis. All tests were two-sided tests, and P <0.05 was considered statistically significant. SPSS 26 (IBM, Armonk, USA) and R 4.1.2 (R Foundation for Statistical Computing, Vienna, Austria) were used for analysis.




Results


Patient characteristics

A total of 483 patients in the SEER cohort and 344 patients in the single-center cohort who met the eligibility criteria were included in this study. The baseline characteristics of each cohort are listed in Tables 1 and 2. In the SEER cohort, at a median follow-up of 24.8 months (range, 1-107 months), 370 patients died, among whom 339 died of lung cancer. And in the single-center cohort, 245 deaths, including 219 cases dying from NSCLC with a median follow-up of 20.3 months (range, 3-53 months).


Table 1 | Baseline characteristics of all patients in the SEER and the single-center cohorts.




Table 2 | Characteristics of all patients according to receipt of immunotherapy in each cohort.



In the SEER cohort, 54.2% were aged <65. The majority of patients were men (56.9%). The distribution of the metastasis sites was 21.3%, 33.1%, 9.3%, 12.2%, and 24.0% for BOM, BRM, LIM, MOM, and OTM, respectively (Table 1). Moreover, this cohort enrolled 222 (46.0%) patients who received immunotherapy, 275 (57.0%) male patients, and 285 (59.0%) patients with adenocarcinoma histology. The different metastasis site subgroups were evenly distributed between the no immunotherapy and immunotherapy groups (Table 2). None of the factors, including age, sex, origin, histology, T stage, N stage, radiation status, chemotherapy, bone metastasis, brain metastasis, and liver metastasis differed significantly between the two groups (Table 2).

In the validation cohort, the metastasis sites included BOM (23.0%), BRM (23.8%), LIM (8.7%), MOM (19.5%), and OTM (25.0%) (Table 2). In this cohort, no factors, including metastasis-site subgroups, age, sex, origin, histology, T stage, or N stage correlated with immunotherapy.



Immunotherapy and survival outcomes

Kaplan–Meier probability plots showed improved OS and CSS after immunotherapy in both cohorts (Figure 2). We performed univariate and multivariate cox proportional hazards analyses to determine whether any clinical or pathological features were associated with OS and CSS (Table 3). In the univariate analysis, we found that immunotherapy was associated with better OS (SEER: Hazard ratio 0.797, 95% CI 0.649–0.980; P=0.027; China: Hazard ratio 0.693, 95% CI 0.539–0.890; P=0.004) and CSS (SEER: Hazard ratio 0.796, 95% CI 0.642–0.987; P=0.043; China: Hazard ratio 0.715, 95% CI 0.548–0.932; P=0.013). Moreover, we showed that sex, site, T stage, N stage, chemotherapy, and liver metastasis were significantly associated with clinical outcome in the univariate analysis. These factors were adjusted to evaluate the effect of immunotherapy. In the multivariate analysis, we found that immunotherapy was significantly correlated with improved OS (SEER: Hazard ratio 0.754, 95% CI 0.609–0.932; P=0.044; China: Hazard ratio 0.697, 95% CI 0.542–0.896; P=0.005) and CSS (SEER: Hazard ratio 0.743, 95% CI 0.596–0.928; P=0.009; China: Hazard ratio 0.725, 95% CI 0.556–0.945; P=0.018) (Table 3). Male patients had significantly worse OS (SEER: Hazard ratio 1.311, 95% CI 1.057–1.626; P=0.014; China: Hazard ratio 1.599, 95% CI 1.225–2.088; P=0.001) and CSS (SEER: Hazard ratio 1.282, 95% CI 1.020–1.610; P=0.033; China: Hazard ratio 1.502, 95% CI 1.143–1.976; P=0.004) than female patients in the multivariate analyses. Patients with lesions located in the main bronchus had a worse prognosis than those with lesions located at other sites. Patients with higher T and N stage showed better prognosis. Liver metastasis was associated with poor prognosis for the SEER cohort but not for the single-center cohort.




Figure 2 | Kaplan-Meier probability plots of Overall Survival and Cancer Specific Survival between the Immunotherapy group and the No immunotherapy group: SEER Database (A, C) and Single-Center cohort (B, D).




Table 3 | Univariate and multivariate analyses of OS and CSS for different characteristics of oligometastatic NSCLC in each cohort.





Subgroup analysis and validation

In the subgroup analysis, Kaplan–Meier probability plots displayed differences in OS and CSS improvement after immunotherapy in both cohorts and among the five metastatic subgroups in both cohorts (Figure S1). As shown in Figure 3, immunotherapy had similar effects on the different metastatic subgroups. No improvement in OS was found in the BOM (SEER: Hazard ratio 1.171, 95% CI 0.732–1.874; P=0.510; China: Hazard ratio 1.136, 95% CI 0.637–2.025; P=0.666), LIM (SEER: Hazard ratio 0.737, 95% CI 0.361–1.503; P=0.401; China: Hazard ratio 0.779, 95% CI 0.312–1.946; P=0.594), or OTM (SEER: Hazard ratio 0.923, 95% CI 0.606–1.408; P=0.712; China: Hazard ratio 0.730, 95% CI 0.444–1.200; P=0.214) subgroups. However, immunotherapy significantly increased OS in the BRM (SEER: Hazard ratio 0.565, 95% CI 0.385–0.829; P=0.004; China: Hazard ratio 0.536, 95% CI 0.312–0.920; P=0.024) and MOM (SEER: Hazard ratio 0.546, 95% CI 0.308–0.968; P=0.038; China: Hazard ratio 0.467, 95% CI 0.238–0.914; P=0.026) subgroups. Immunotherapy significantly improved CSS in the BRM (SEER: Hazard ratio 0.551, 95% CI 0.370–0.820; P=0.003; China: Hazard ratio 0.540, 95% CI 0.307–0.950; P=0.033) and MOM (SEER: Hazard ratio 0.524, 95% CI 0.290–0.947; P=0.032; China: Hazard ratio 0.469, 95% CI 0.235–0.937; P=0.032) subgroups, but not in the BOM (SEER: P=0.334; China: P=0.441), LIM (SEER: P=0.301; China: P=0.357), or OTM (SEER: P=0.868; China: P=0.489) subgroups (Figure 3).




Figure 3 | Forest plots displaying the relationship between immunotherapy and overall survival (A) and cancer-specific survival (B) within different subgroups in each cohort.  BOM, bone metastases only; BRM, brain metastases only; CSS, cancer-specific survival; LIM, liver metastases only; MOM, multiple organ metastases; OS, overall survival; OTM, other metastases.



We also merged the data from the two cohorts. Adjuvant immunotherapy improved OS (Hazard ratio 0.729, 95% CI 0.620–0.856; P<0.001) and CSS (Hazard ratio 0.726, 95%CI 0.612–0.862; P<0.001) significantly in the merged cohort (Figure 3). We found different benefits from immunotherapy within each metastatic subgroup. This benefit was greatest in the BRM (OS: Hazard ratio 0.565, 95% CI 0.385–0.829; P=0.004; CSS: Hazard ratio 0.536, 95% CI 0.312–0.920; P=0.024) and MOM (OS: Hazard ratio 0.565, 95% CI 0.385–0.829; P=0.004; CSS: Hazard ratio 0.536, 95% CI 0.312–0.920; P=0.024) subgroups. In the BOM, LIM, and OTM subgroups, immunotherapy did not result in significant differences in OS or CSS.




Discussion

We analyzed the prognostic significance of immunotherapy at different sites in patients with oligometastatic NSCLC from the SEER and the single-center cohorts. To our knowledge, this was the largest sample size, and the first analysis to assess the role of immunotherapy in treating oligometastatic NSCLC according to different metastatic sites. Immunotherapy is US Food and Drug Administration approved for use alone or in combination with chemotherapy for patients with NSCLC, and has been evaluated after locally ablative therapy for oligometastatic disease (12). However, phase III clinical studies are still lacking in the field of immunotherapy treatment of oligometastatic NSCLC. Whether immunotherapy can confer a survival benefit in patients with oligometastatic NSCLC remains controversial, particular in those with different metastatic sites. Our study showed that immunotherapy improved OS and CSS in patients with oligometastatic NSCLC. These findings agreed with previous findings of improved survival following treatment of metastatic NSCLC with PD-1 inhibitors (15, 16). Recent clinical trials focused on use of immunotherapy to treat various solid tumors have shown a clear association between immunotherapy and increased OS and improved prognosis (17, 18). We also observed reduced OS in patients in the LIM and MOM subgroups. This was consistent with the findings of previous studies showing that patients with NSCLC that had metastasized to multiple organs or the liver had worse OS relative to those with other metastases (19–22). These results showed the value of immunotherapy for treatment of oligometastatic NSCLC patients with liver and multiple organ metastases.

We found that being male was significantly associated with poorer prognosis, which agreed with the results of a study by Radkiewicz C et al, who reported that men with NSCLC had consistently poorer lung cancer-specific survival across stages (23). Moreover, our results showed that patient prognosis was related to tumor location, and patients with tumors located in the main bronchus had worse outcomes than those who had tumors in other locations, which agreed with the results of a study by Li C et al (24). A recent study showed that chemotherapy combined with immunotherapy had superior efficacy for improving anticancer activity (25). Radiotherapy is not an independent prognostic factor for improvement of OS and CSS, due to the remarkable effects of recently developed targeted therapies.

The definition of oligometastatic NSCLC differed across many previous studies, with the maximum number of metastases ranging from 3 to 6 (26). Recently, a number of studies have shown that LT improved the prognosis of patients with oligometastatic NSCLC (27, 28). However, several studies have also shown that immunotherapy was effective for treatment of patients with oligometastatic NSCLC, especially for those at high risk of distant metastases (29, 30). In the most recent NCCN guidelines, immunotherapy is a recognized front-line treatment approach for metastatic NSCLC (31). Therefore, we studied the efficacy of immunotherapy for treatment of oligometastatic NSCLC based on different metastatic sites.

Previous studies focused on metastatic NSCLC have demonstrated that different sites of metastasis can predict clinical outcomes (20, 21, 32).Patients with NSCLC with bone metastasis have the best prognosis (32), which we further confirmed in the present study. We found that patients in the LOM and MOM subgroups had the worst OS and CSS compared to those in other subgroups, which was consistent with the results of a study by Yang J et al, which identified that the mortality risk was highest with MOM and liver metastases (20). We also found that immunotherapy improved OS and CSS in the BRM and MOM subgroups. A recent study found that local control and overall survival were both improved in patients with NSCLC who received concurrent immune checkpoint inhibitor treatment with radiosurgery (33), which was consistent with our results. Another study (34) that brain irradiation induces the strongest immune activation effects and patient outcome compared with those achieved through irradiation of other organs, which may be consistent with our results. However, patients in the LOM subgroup did not benefit from immunotherapy, which may have been associated with poorer response of liver metastasis to immunotherapy. A study reported that liver metastases diminish immunotherapy efficacy systemically in patients and preclinical models, resulting in a systemic immune desert through siphoning of activated CD8+ T cells from the systemic circulation (35). Our results showed that patients in the MOM subgroup benefited most from immunotherapy, which was consistent with the results of a study by Ma SC et al (36), who reported that increased number of metastatic sites (≥2) we associated with pronounced OS benefits from atezolizumab versus docetaxel. This may indicate that these patients represent a subgroup that may benefit from aggressive treatment.

Our study had several limitations. First, the SEER database does not provide a detailed description of the specific immunotherapy used. Second, limited information is provided by the SEER database, and there may be some degree of error in the coding of individual patients. Transfer of patients in a particular group (bone, brain, liver) were restricted to this organ, although patients may have had metastases at other sites not explicitly documented in the SEER database (the most common unrecorded site may be the adrenal). Finally, this study was a retrospective study, and the efficacy of immunotherapy in oligometastatic NSCLS with different metastatic sites should be evaluated in prospective clinical trials.



Conclusion

Our study showed that immunotherapy improved OS and CSS in patients in the SEER and the single-center cohorts. Furthermore, we found that immunotherapy improved the prognosis of patients in the BRM and MOM subgroups, but not those in the BOM, OTM, or LIM subgroups. The MOM subgroup experienced the greatest benefit from immunotherapy in both cohorts. Therefore, metastatic sites may affect the efficacy of immunotherapy. These subgroups may benefit from aggressive treatment, and our results may have implications for clinical guidance. However, our findings need to be validated in future large-sample prospective clinical trials.
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